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An educated person knows many things,
And one with much experience knows what he is mgllébout.
An inexperienced person knows few things,
But he that has travelled acquires much cleverness.

Sirach 34:9-11

Ein Mensch, der viel herumgekommen ist, hat viébige;
er hat reiche Erfahrungen gesammelt und redet \wogeD, die er kennt.
Wer keine Erfahrungen gemacht hat, hat nur eintrés&tes Wissen;
wer aber viel herumgekommen ist, ist reich an Leklegheit.

Jesus Sirach 34,9-11
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Abstract

Abstract

Since 2016 weekly samples of aerosols (PM 1 andLB)Vare taken at Sonnblick Observatory (SBO;
3106 m a.s.l.) in cooperation with ZAMG (Zentraleisfir Meteorologie und Geodynamik). These
filter samples were analysed for the time periainfrJune 2016 to May 2018. X-Ray fluorescence
analysis (XRF), ion chromatography (IC) as wellTaansmissiometer and Sunset measurements were
used to characterise the composition of these alesasples. lons, sugars, carbonaceous compounds,
as well as metals, were measured and compareawdtiable online measurements of aerosols at SBO
(Aethalometer, SHARP).

In case that analytes were determined with more tme analytical method an intercomparison was
performed.

Typical annual cycles of analytes could be obseowed the two-year time period. Higher concentratio
in summer than in winter were found at the heidhthe sampling station due to different mixing ot
troposphere for most of the compounds. In summemtixing layer reaches higher up, transporting
boundary layer air masses up to the site. Summeintier ratios reach up to 7.

Concentrations of PM 1 mostly lay below the conedians of PM 10, as expected.
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Kurzfassung

Kurzfassung

Im Rahmen dieser Arbeit wurden PM 10 und PM 1 (Rbhtsfur Particulate Matter, zu deutsch:
Feinstaub), welche als Wochenproben am Sonnblickse@atorium (3106 m 0.N.N.) in
Zusammenarbeit mit der ZAMG (Zentralanstalt fiir d@blogie und Geodynamik) gesammelt wurden,
analysiert. Die Zusammensetzung der Aerosolproberdevvon Juni 2016 bis May 2018 mittels
Rontgen-Fluoreszenz-Analyse (RFA), lonenchromaggea(IC), sowie Transmissiometer und Sunset
Messungen untersucht. lonen, Zucker, kohlenstdffgea Bestandteile, sowie Metalle wurden
gemessen und mit Messungen vom Sonnblick, welclireonur Verfiigung standen (Aethalometer,
SHARP), verglichen.

Messergebnisse von Analyten, die mit mehr als ditethode bestimmt wurden, wurden miteinander
verglichen.

Uber die beiden Jahre der Probenahme hinweg korateallen Analyten die typischen Jahresgéange
beobachtet werden. Auf dieser HOhe sind hdhere &anationen an Aerosolen im Sommer im

Vergleich zum Winter gefunden worden, was auf eimgerschiedliche Durchmischung der

Troposphare zurtck zu fihren ist. Im Sommer reidi@ Mischungsschicht hoher hinauf und

transportiert so Luftmassen aus der bodennahenz&reicht zur Messstation empor. Das Verhaltnis
von Sommer zu Winter Konzentrationen steigt auizbig'.

Die Konzentration der PM 1 Fraktion lag meistenwagtungsgemaf unterhalb jener der PM 10
Fraktion.
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Nomenclature

Nomenclature

%rH ............ percentage of relative humidity
Al aluminium

Ca/C&'....... calcium/calcium ion

COoeeeenn. carbon dioxide

CO~........... carbonate (-ion)

BC.............. black carbon measured withgraissometry
] I Blank values

Cla........ chloride (-ion)

Digitel......... abbreviation for sampling systefiPM 10 called Digitel DHA-80 (high volume sample
EBC........... equivalent BC measured with dethater
EC.....oe elemental carbon measured $ithset
Fe.. iron

ho hour(s)

HCl............ hydrochloric acid

[ @ ion chromatography

ICP-MS....... inductively coupled plasma masscapscopy
KIK* ... potassium/potassium ion

LOD............ limit of detection

[V microliter

Mg/Mg?*..... magnesium/magnesium ion

MSA. ........... methane sulfonic acid

Na.....ccoe.... natrium ion

NH4" ........... ammonium

N[ nitrite (-ion)

NOs ............ nitrate (-ion)

OoC.............. organic carbon

P phosphor

PM.....oc... Particulate Matter

PM mass..... mass of Particulate Matter

PM1 ... Particulate Matter with an aenwaiyic diameter of less than 1 um
PM10......... Particulate Matter with an aercaiyic diameter of less than 10 um

PM coarse... Particulate Matter with an aerodyinatlimmeter between 1 and 10 um (fraction between
PM 1 and PM 10)

S sulphur

ST I silicium

SBO........... Sonnblick Observatory

SD.eeee Saharan dust

SDE ............ Saharan dust event

SHARP ....... Synchronized Hybrid Ambient Realdifarticulate (Monitor)
SO ........... sulfate (-ion)

TCooiieeei. total carbon

TSP............. total suspended particles

XRF........... X-Ray fluorescence analysis

ZAMG ........ Zentralanstalt fir Meteorologie unédalynamik
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What are we doing?

1. What are we doing?

This thesis contributes to the FFG-project DUSTFAMhich is investigating Saharan dust events
(SDEs), Particulate Matter (PM) concentrations Hredimpact of SDEs on air quality. At the present
time, ZAMG (Zentralanstalt fir Meteorologie und @&goamik) predicts Saharan dust (SD)
concentration in the atmosphere and near-grounticiate Matter (PM) concentration twice a day.
SBO offers the opportunity for comparative analyméveen model results and in-situ measurements.
To evaluate the online measurements for predicttise Sonnblick Observatory (SBO), comparative
analysis is carried out in this project. [1] Sidese 2016, aerosols are sampled weekly at the 8BO t
gather chemical information of the composition efasols. For this thesis data from June 2016 to May
2018 is used. Methods of sampling and measureroéntsnpounds, as well as beginning data analysis
is outlined in the present work.

2. Why are we doing this?

Aerosols play a relevant role in earth radiationcpsses, climate change, cloud formation, nutrient
circles, visibility and finally in human health [4B]. These various reasons lead to a great istt@fe
diverse research groups. One of the aims of the@rDUSTFALL is to increase knowledge about the
occurrence of SD in Austria [1].

PM has two sources. On one hand, natural sourqggsdyssea salt aerosols, water droplets, bacteria,
pollen, mineral dust and others. On the other hamndnmade aerosols emerge for example by
combustion or other production processes. [2]

One of the main contributors to global natural Rid is mineral dust. Mineral dust may originate in
the Saharan desert and therefore sometimes islcadlearan dust (SD) - for details see chapter 2.2.
Here, time periods, where SD arrives at a speetptor point, are called Saharan Dust events (BDEs
ZAMG gives a prediction of Saharan dust conceranatiand near-ground PM concentrations in Austria
twice a day. For April 2016 a good prediction oc8BE with up to 70 % contribution of SD to PM
concentration could be made for SBO by Baumannzetaet al (2019) [4].

PM and SD are relevant for the public as recentlgliphed newspapers show. In March 2018 big
headlines were dedicated to the topic of aerosuisespecially mineral dust transport. In Ukraine,

Russia, Bulgaria and Romania a major sand, duspahen event was observed, which is occurring

roughly every 5 years in such a high extent. “Tindependent” for example wrote about orange snow
in Eastern Europe:

“According to Russia’s environmental watchdog, hegrethe snow was possibly
the result of chemical pollution as it containedglea amounts of iron, acids and
nitrates.” [5]

If the snow contains iron (Fe), acids and nitratiegs it have to be anthropogenically pollutedthis
work samples representing a remote site are camsidanthropogenic pollution is possible but lingite
At least in some cases events with Fe, acids drates in large amounts can be traced back tounatat
origin. Nevertheless, our atmosphere is anthropoghy influenced as seen for example in elevated
CO; concentrations, but discussion hereof would ex¢kisdwork, where focus is laid upon chemical
characterisation of PM.

Composition of PM 1 and PM 10, as well as their cemtration ratio, provides data for further
evaluations in respect to SDEs and comparison prvélhious measurements.

2.1. What are aerosols?

Aerosols are a colloidal mixture. They consistrofd solid or fluid particles suspended in gasedidS
particles suspended in air are called Particulaadtév (PM). PM is an atmospheric aerosol, which is
discussed in this work. The atmosphere is the@umulated around the earths’ surface on a global
scale. The atmospheric aerosols are mainly of alktsrgin except in urban ambience and underlie
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Why are we doing this?

strong regional variations in concentration. Depegon their composition, their influences arouhne t
world vary as well. [6]

As atmospheric aerosols are spread around the wamkel of the major effects is their influence on
radiation balance, which means the amounts oftiadieeaching the earth’s surface and leavindpitst
influencing the temperature homeostasis. Partelbder absorb light, which leads to a warming dffec
on the climate, or they scatter light, which tetml®ave a cooling effect on the earth due to erdgthnc
reflection. Furthermore, aerosols can serve asexwation nuclei as well as ice nuclei and cantliek
radiative effects of particles to those of clouds @loud formation processes. One of the remaining
uncertainties concerning the overall global effextaerosols on the radiative balance is due tokbla
carbon, because black carbon induces a complexl clegponse in addition to its absorption. Black
carbon is formed during incomplete combustion ohfass or fossil fuel. [7]

Additionally, to their influence on solar radiatiamd cloud formation as condensation- or ice nuclei
aerosols play a role in atmospheric chemistry angdmchemical cycles. For example, nutrients like F
and P are transported from the Sahara to the Anmzoain forest. The interaction and dependency of
two ecosystems, which are separated by the oceacobhnected through the atmosphere, is part of
understanding and forming the functions of the gldystem earth. [7], [8]

Aerosols also show direct impact on humans. PM eatnation has been correlated to symptoms in the
cardiovascular system and premature deaths. Theteff PM on humans differ with their size as the
particles penetrate deeper lying parts of the haidly decreasing size. [9]-{11] PM 10 for example,
shows an increase of cardiovascular daily mortalit§.9 % per 10 pg/m3 PM enhancement [12], [13],
whereas PM 2.5 even showed an increase of 1.4 %0peg/m3 PM rise [13].

Concerning children enhanced PM concentration @ag to reduced lung function. Generally, elderly
people above 65 years, children and people alrsaffgring from cardiovascular diseases are more
affected by exposure to PM. [10], [11], [14], [15]

Often traffic and industry, as well as biomass mgnor other anthropogenic aerosols are correlated
with health impacts. [16] Nevertheless, also natswarces like pollen could show an impact esphcial
concerning allergies or asthma patients, especiatlyeasing allergic diseases in synergy with air
pollutants. [17]

Highly relevant is a decrease in PM concentrat@relvery case mentioned above, as there could not
be found a lower limit for PM concentration beneatheffects on human health were observed. [18],
[19]

The timely influence of aerosols depends on thiffierént lifetimes due to their size and compositio
Additionally, aerosols have different lifetimes peéading on the layer aerosols are suspended theln
troposphere usual lifetime of particles lies betvere day and two weeks, whereas in the stratospher
they last up to one year. Size, composition angelodaerosols vary greatly, as well as their ariff]

2.2. Where do aerosols come from?

The source of aerosols depends on the kind of alsreghich are concerned. Generally, aerosols are
subdivided into natural and anthropogenic oneshia study we focus on natural sources, as the
sampling site at SBO is located in a remote arazge B low concentration on this remote site,
transportation processes of natural sources atde/iSimultaneously, anthropogenic influencesloan
observed depending on the current weather situg26h

Natural sources are diverse. As one source, valeamiptions carry aerosols up into the stratosphere
Another mainly natural source is mineral dust, \Wwhaccounts for approximately 45 % of global aerosol
emissions [21]. Mineral dust mainly consists oicsiles including clay minerals, feldspars and quart
Sometimes carbonates, sulphates, oxides and hgaoxdf iron (and occasionally aluminium)
contribute to the mineral dust fraction to a smaéigtent [22]. With an annual estimate of 300 to
700 megatons per year, the Sahara is the most tamoemitter. SD transport is correlated to
meteorological conditions like the location of higiessure centres [21]. But stating that the Salkara
the biggest emitter does not necessarily mean,alhanineral dust originates in the Sahara Desert.
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Nevertheless, in this work the terms mineral dust S8aharan dust are used equally, even if it is not
verified, that all of this mineral dust events adiiyioriginate in the Sahara. Looking at the SDE pril
2016, Baumann-Stanzer et al (2019) show that appetgly 20 to 30 % of air masses originates in
western or eastern Sahara.

There are three major source regions specifie@&tiaran dust: [21]
» Sahel sector
includes Senegal, south Mauritania, south Mali
e South and central Sahara sector
includes Mauritania, north Mali, south Algeria
* North and west Sahara sector
includes Spanish Sahara, Morocco, west Algeria

There are different approaches of defining theioridg Saharan dust. Caquineau et al (1998) fouat th
the ratio between relative abundance of illite kadlinite (both clay minerals) is a good tracertfoe
regional origin of SD, because the relative abundas different in other regions. This ratio rensain
unchanged over a long-distance transport. Othengdstuse elemental ratios of Si, Al, Fe, Ca and K
combined with air-mass trajectories to distingu&tharan dust. Other mineral indicators for SD,
originating from the Northern part, are calcite gadlygorskite. [22]

Chiapello et al (1997) found high intensities ofE2Doriginating in the Sahel sector, when transjoort
the Sal Island (Cape Verde) is observed [21]. Tingplof deserts, this source may not only be a aatur
source, if natural source is interpreted as “niti@mced by human activity”. Production of minedaist
increases in areas of disrupted soil surfaces ffjcultural activities or deforestation as wedldesert
shifting, both of which offer new surfaces to wiakbsion, count as disrupted soil surface [23]him t
Saharan region a seasonal shift of the dust plamleserved [24]-[27]. During summer the plume shift
to the Sahel region. This shift could not be repoedl in a transport model based only on natural
sources. In addition, this transport model ovenesties the amount of export of mineral dust from
Australia, where primary vegetation types are demed shrub land. This enforces the assumption of
anthropogenic influence on mineral dust loads ®W$hharan and Sahel region. [23]
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Methods and Calculation

3. Methods and Calculation
Here analytical methods are summarized. Furthernaolimmited number of results is shown to explain
the methodical approach.

3.1. Where and when did we sample?

Filter samples were taken at the Sonnblick ObserydSBO), which is located at 3106 m above sea
level in the midst of the mountain range called éldlauern (12°57'E, 47°03'N) [20]. The subsurface
consists of gneiss. The gneiss core attaches iNadn, the North-East and in the East to a schisto
sub-surface. [28] In the East and South the grasimdvered with large glacier fields. [20] Therefor
the influence of the sub-surface plays a minor, rotdess the snow cover is blown off or constructio
work reaches beyond it.

The sampling system is situated on the roof-topBD. Weekly samples were taken from June 2016 to
May 2018. In summer 2017 measurements were stdppeéveral weeks due to construction work at
SBO (marked as red week of 27.7.2017). For detaiedmation of sampling times see Table 1.

Table 1: Weeks of sampling at SBO. Green marked weslare sampled properly, and red marked weeks are eluded
from calculation due to sampling system errors, irgrruption of the sampling due to constructions athe site* or wrong
filter material**.
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3.2. How did we sample?

Aerosols were sampled for chemical analysis on eklyebasis in different size fractions. The aerosol
fraction containing the largest particles, PM 1@swampled with a high-volume system (Digitel DHA-
80) on quartz fibre filters having a diameter ofcts. PM 1 was sampled on quartz fibre filters veith
diameter of 47 mm. The coarse fraction was coltettefore sampling of PM 1. Sampling substrates
were aluminium foils and quartz fibre filters. PMafhd PM coarse were collected with a home built
Berner impactor installed at the whole air inlee@ied at SBO. The inlet has an upper cut-off feize
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particles of 20 um at a wind speed of 20 m/s asteinperature is controlled and stabilised at 20 °C
The air flow is distributed to different measureitngevices via an isokinetic flow splitter. Aethaleter
AE33 and SHARP measurements are performed aftewlizde air inlet. Aethalometer values are
labelled as PM 10 measurements in this work. SHARBsurements are referred to as total suspended
particles (TSP).

Blank values (BL) were generated by blank filtevhjch were treated in the same way as the sampled
filters, including transport and loading into theasurement device. In difference to samples, trexg w
exposed to air for one minute only to imitate thituience of contamination of the sampling systeih an
handling. These BL were subtracted from each sawgdige to get correct values, furthermore they
were used to determine the LOD via standard dewiaif blanks.

3.2.1. PM 10

For PM 10 measurements PALL Life Science Membraterf (Pallflex Tissuequartz; 2500 QAT-UP;
size 150 mm) were used in the high-volume samplgitdd DHA-80. The filter holders were washed
with Milli-Q water and afterwards the filters (15@n diameter) were placed into the sample holders
without treatment. Sample holders were piled fangportation to SBO in an airtight container.

After transport of the Digitel filters (PM 10) to rom the SBO, the airtight container had to beatesl
properly due to pressure differences between samliation (700 mbar) and analysis at TU Wien
(1013 mbar). Therefore, the small opening in tbewihich is closed with a plug or adhesive stripsw
opened slowly. The lid should not be pulled offwiibrce, as the filters inside may rip if the dows
from bottom to top. If the air flows from top totbam there is no problem as the filters are pressed
the grid on which they are lying.

At a few occasions, glass fibre filters were usgdnistake. Due to a lack of sufficient number airik
glass fibre filters the LOD could not be calculafed these cases. Providing more blank filters will
enable a correct calculation of measured glass filbers in the future. For this work all valuesasured

on glass fibre filters were excluded from calcaas and graphs. Additionally, Sunset measurement is
not possible with glass fibre filters.

3.22. PM1

For correct sampling of PM 1 aerosols, the PM a#&ection had to be separated. Here separati¢n too
place at the first stage of the impactor. Coargtigies were collected for chemical analysis on an
aluminium foil and on a quartz fibre half ring (sEgure 2). The second stage guaranteed the full
separation of coarse fraction from the fine fratthy using a greased aluminium foil to deposit all

coarse particles which had been blown off the firgiactor step (see Figure 1).

first impactor step |I|

PM coarse ——t —_a ) Air flow
aluminium foil and
quartz filter half ring I

second impactor step - —
greased aluminium foil

PM 1 filter w

Figure 1: Sampling scheme of PM coarse and PM 1.
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4
- PM coarse

Figure 2: PM 1 and PM 10 sampled on filters and PMoarse sampled on filter and aluminium foil.

Sample preparation included cleaning of the sutestraThe small quartz fibre filters (47 mm in
diameter) for PM 1 measurements, as well as thezjaad the aluminium substrates for PM coarse
were treated in the oven at a temperature of abBQC overnight. Afterwards, they cooled down on
the oven door for five min and finished coolingremm temperature in a humid atmosphere i. e. in a
desiccator containing deionised water. They wefe d& room temperature for about 12 hours.
Aluminium foils and PM 1 filters were weighed beddhe transportation to SBO for sampling.

Before weighting (see chapter 3.5), filters wereaiildorated for at least 48 h at 19 —21 °C and
45 — 50 %rH. After weighing, they were placed in g®lystyrene) petri dishes and sealed with
Parafiim® M Laboratory film [29] for transport toB® and storage until the time of sampling. After
sampling, the filters were transported to the Labienna and stored in laboratory film-sealed petri
dishes as well.

Greased aluminium foil for the safety of the sepanaof coarse and PM 1 fraction (second impactor
step) was treated equally to the description alexeept for weighing. Additional greasing (Merck Art
4318. Desiccator fat. melting range: 45-53 °C) tplaice before sealing the petri dishes with lalooyat
film for transport. Greasing of the foils didn’'t maminate the filter for PM 1 sampling as pre-
experiments of Marion Greilinger showed (pers. comm

3.3. What kind of information is extracted?

Different methods were used to determine sampledsaks. Aerosol mass was only determined for
PM 1 on quartz fibre filters and PM coarse on ahiom foils (not greased). After weighing of filters
punches for other analyses were taken. TherefoeeT éflon plate and the tweezer were cleaned with
milli-Q-water. The punching tool was cleaned by wipit on a clean filter material. Sample material
was only touched with cleaned tweezers and alvagoh a clean plate. Non-destructive analyses were
carried out in the first place including X-Ray Ftascence Analysis (XRF — PM 10 filters only) and
transmissometer measurements (soot scan OT21jwaiftds ion chromatography (IC) was conducted
for anions, cations and sugars and other desteuatialyses like thermal-optical carbon measurement
(Sunset Inc.) were performed. The PM 1 samples havbeen analysed with all methods due to limited
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filter area. Table 2 presents an overview of uradkem measurements. Besides weighing, analysis of
PM coarse was not performed within this work.

Table 2: sampled fractions of aerosols and performetheasurements.

Method: PM1 | PMcoars | PM1C
Gravimetric Analysi v v x
Transmissomet v x v
X-ray fluorescence analy x x v
Therma-optical carbon measurement (Sur | v/ x v
lon chromatograpt v x v

As mentioned above, punches were taken from
filters for destructive analysis. As PM 1 filte
material had a smaller area than PM 10 filtersgis
important to split the area properly. PM 1 filte
material was needed for Transmissometer, IC ¢
Sunset measurements (see following chapters).
remaining half was spared and reserved
subsequent ICP-MS analysis, which is not descril
here. The area was divided as listed in Table 1.
shown in Figure 1).

Table 3: Area distribution of PM 1 filters for analysis given
in mm2,

Area [mm?

Samplei 107t

12 mm stamp (IC cation 113

1x 1.5 stamp(Sunsel 15C

Leftover half (IC anions and 274

sugars . o . . .

Remaining half reserved for] Figure 3: Distribution of PM 1 filter material for analysis.

) 537

ICP analysi

3.4. Volumes and Times

For PM 10 filters the Digitel sampling system piedl the volume of air sampled (at ambient condstion
and normalised to 1013 hPa, Temp); as well asatimping time in minutes in a logfile. For somedik

the data was not available due to manual shutooff@wer outages. For such cases, the sampling time
was retrieved from a hand-written protocol, whichswalso available for all filters, to allow further
calculations. To derive the missing volumes, arraye of the air flow rate was multiplied with the
manually recorded sampling time. The average aiwv ftate was deduced from the automatically
recorded normalised volumes and sampling timekeoptevious 24 filters.

For PM 1 and PM coarse samples the sampled aimelvas not recorded, but the flow rate was
measured instead. Until summer 2017 (14.07.20fi6naneter, based on the rotameter principle was
used. For that time period &) was set (approximately at 52 L/min, recorded nadlgat every sample
change) and the respective normalised air flowrfQvas calculated according to Equation 1 [30],
yielding an average value of 43.6 L/min. In sum2@t7 a mass flow controller was installed to set th
flow rate at 32.2 L/min (at 1013 mbar, 273 K).
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p
Qsrp = Qais -
Pstp
Equation 1

Qstp........ flow at standard conditions [L/min]
Quisevveennes flow displayed on measurement devicenihy

(43.6 L/min until mid of 2017 and 32.2 L/min afterds)
Proeeeeeeen.. pressure of actual working conditigaZ00 mbar at SBO) [mbar]
PsTP......... pressure under standard conditions (=3@dbar) [mbar]

The normalised air volume sampled for PM 1 and Plstse was calculated according to Equation 2,
by multiplying the normalised flow rate with thecoeded time. Due to the parallel sampling of the
PM 10 (Digitel) and the PM 1/PM coarse fractione #utomatically recorded sampling time of the
Digitel was also used to define the sampling tifidae PM 1/PM coarse fractions, missing valuesaoul
be replaced as described above.

VN =Qsrp-t
Equation 2
LY/ NTSS normalised volume [L]
Qstp........ flow at standard conditions [L/min]
| ST sampling time of Digitel [min]

3.5. Analytical methods

Here, methods for characterisation, as well asutation and data treatment are described. First, an
overview of relevant parameters concerning all imés$hs given. Afterwards, the methods are presented
one by one.

The active sample area on the filter material weeded for all calculations. The area of PM loaded
filter material for PM 10 was 154 cm? (circle wighdiameter of 14 cm), for PM 1 filters 1075 mm?
(circle with a diameter of 37 mm).

Sometimes the Digitel sampling system had disordérsrefore, the week of 9.3.2017 was excluded
from calculation (see also section B in the Appgndih addition, samples on glass fibre filterstéasl

of quartz fibre ones were excluded, due to insigifit data for field blanks and as thermal-optical
analysis cannot be performed from glass fibrerfl{gveek 13.4. and 16.11.2017; 29.3.2018).

All the calculations for this thesis were performedR. [31] For linear regression the geom_smooth
model was used, which uses a confidence interv@b%6 to show a grey background pointing out the
uncertainty of the regression model.

3.5.1. Limit of detection (LOD)

Here LOD for samples was calculated as mean vdlfiel® blanks plus three times standard deviation
of field blanks (Equation 3) in measurement un@pehding on the measurement device without further
modification, except for XRF. XRF values were coned into pg/f*cm?) for the calculation of LOD.
Here, the LOD always refers to the instrumental IsGIdd not atmospheric concentration. All sample
values lying below the LOD were excluded of furtisaiculations and are highlighted with specific
symbols, if they are displayed in time lines.
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LOD =mBL+3'SBL

Equation 3
LOD....... limit of detection
MBL......... mean value of field blanks
SBL cernreenn standard deviation of field blanks

LODs in atmospheric concentrations are given auldlily in Table 17 and Table 18. These were
calculated using the instrumental LOD and multipdyit with the used filter area for the specificthea
and dividing through the average air volume fosathples (3440 m3 for PM 10 and 386.4 m3 for PM 1).

3.5.2. Weighing of Filters

Evaluation of the aerosol mass was carried out bighing the filters three times before and after
sampling, respectively. Reference filters (unloafilezts) were measured several times and ovengtlo
time horizon (20 months) to ensure the stabilit}hef used scale, Sartorius MC210P analytical balanc
itself. Table 4 lists the number of measurememies,mhean value and the standard deviation for each
reference filter. The values were noted after two, avhen the scale showed a constant value feast |

10 seconds.

Table 4: Mean and standard deviation of reference aartz filters and aluminium foil (Jan 17 to May 18)measured with
Sartorius MC210P analytical balance.

Reference Number of Mean Sta_nd_ard
. deviation
filter measurements [mg]

[mg]
Quaitz 1 33 112.9¢ 0.06¢
Quatz 2 24 108.5° 0.061
Quattz z 30 109.3: 0.07¢
Quatitz 4 18 150.3: 0.15¢
Aluminium 1 15 104.0¢ 0.02¢
Aluminium 2 3 79.6( 0.02¢

Previous experiments showed, that weighting of PMilfers is not possible due to material losses. F
PM 1 filters and PM coarse the installation of shngpsubstrates behind the whole air inlet made
sampling less sensitive to humidity or even theuinpf hydrometeors. Thus, the possibility of
gravimetric analyses was tested within this work.

3.5.2.1. PM coarse mass

The aluminium foils were weighted for the time perbf June 2016 to May 2017 (n = 52). Some masses
weighed before sampling outranged the massessaftepling and thus resulted in “negative masses”
(two masses around -7 pg/m? (week of 23.06.201®ar@B.2017). These “negative masses” are bigger
than the estimated error of the balance (a diffe¥dén weighing of 0.2 mg leads to an error of about
0.06 pg/ms3 for PM 10, 0.5 pg/m? for PM 1). Henaeyédr mass after sampling are rather due to foil
material losses during the transport and handlivam tto errors in gravimetric measurements. All
“negative masses” outranging the estimated erréh@balance (weeks in 2016: 23.06; 24.12; 29.12;
weeks in 2017: 12.01; 19.01; 02.03) were excludewh fligures and further calculations. Although the
occurrence of these false low reading already dsirates the limitations of the method, the resufits
the gravimetric analyses are given below.
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The weighted mass wa:
divided by the air volume
to get the concentration o 1° "
mass per volume [pg/m3]. N
The mass of PM coars¢
fraction collected on the
aluminium foil [ug/m3] is >
compared with TSP
measured  continuously
with a SHARP monitor at
the SBO in Figure 4. Some

of the higher masses ir.
TSP were also found jnfigure 4: Mass of PM coarse sampledn aluminium foil [ug/m?3] measured with MC210F
PM coarse for example irand TSP [ug/me] measured with SHARP monitor.

September 2016 and end of March 2017. On othessmtathe mass of PM coarse rises while there is
no increase in the mass of TSP. Generally masseoatnations of PM coarse stay below the mass
concentrations of TSP, as assumed, because PMecisasssub-fraction of TSP. During the winter
period of 2016/2017 from November to January (rB¥PM coarse mass concentrations rise above TSP
masses. This is theoretically impossible, becabdedarse, as already stated above, is a sub-fractio
of TSP. Possible reasons are again errors in #nengetric measurement as explained above, but also
errors in mass concentrations determined with tHARP monitor are possible. Note that these
differences were determined during time period$ wéry low mass concentrations.

SBO mass

variable
- TSP
-4 PM_coarse

Jun 16
Jul 18

Correlation of mass concentrations of T<
and PM coarse is shown in Figure 5. He
two groups can be seen. One of the grot
shows a PM coarse to TSP ratio of abc
0.13, the other group aratio of about 1. T
sampling weeks of the smaller secot
group are listed in Table 5. The firs
assumption was, that these filters repres
weeks with an elevated contribution of tt
coarse aerosol fraction. However, this ne
not be the case as most of these data p
represent the winter period with th
mismatch of mass concentrations,

already discussed above. A mass closi
with data obtained from chemical analys:
could help to evaluate the difference «
mass concentrations given by the impaci
and the on-line monitor. A first evaluatiol
of the other data point did not reveal ar

SBO 2016-2017 mass

PM coarse [ug/m?]

Figure 5: Correlation between mass concentrationsfd®M coarse
< Y . =C [Mg/m3] and TSP mass [pug/m3] measured online with a SHAR
specialities of the chemical composition. monitor.

Table 5: Weeks having a PM coarse to
PM 10 ratio of about 1 — group 2.

09.06.201 15.12.201
16.06.201 23.12.201
30.06.201 05.01.201
05.08.201 26.01.201
10.11.201 23.02.201
01.12.201
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3.5.2.2. PM 1 mass
Gravimetric determination of PM 1 mass showed a
similar problem. 19.5% of quartz filter sample SBO 2016-2018

weighgd less after §amp|ing, thus resulting SDE - mass on 47mm filter

“negative masses” as discussed above. As samge:

taken in a remote area, only a small amount ofsaér 61 g

is sampled, resulting in a small mass and jusegigin

colour of the PM load on the filters. But “negativ __

masses” occurred not alone when the filter loaliddo E’ 41 o

light grey, but also if the load had a medium gshyi

colour, when mass loadings tend to be higher. N 2

that the decrease of the mass of the filters v "E 21 s '

markedly higher than it could be expected due ¢0 ¢

deviations of the balances. These false readings T I '

most likely due to a material loss of the samplii = 07 L

substrate, which can be expected more easily e

quartz fibre filters than for aluminium foils. Asich @ $ °

losses are possible for both, low and heavily ldac & 21

filters, PM 1 mass determined here has to be regai

as approximate values and weighing of PM 1 filte

will not be continued. 47 ¢
TRUE

If the mass of PM 1 is compared with the SD repbrt Saharan Dust Event (SDE)

SBO it is apparent, that filters in SD-periods ha.-—

" . : Figure 6: Mass of aerosols on 47mm diameter quartz-
more often a positive mass than filters withouSare filters observed without SDtransport (left side) and

(see Figure 6.). Three filters out of 20 filtersridg ring a week with SD transport (right side — TRUE).
SDE showed a negative mass. The other nega

masses (12 occurrences) were observed withouttegh8D transport (57 filters). The negative masses
represent 15 % of the filters during SDE and 21f%hefilters without SDE. This is likely as highass
loadings can be expected for SDEs, still theseuati@ins will be heavily effected by errors duedsd

of filter material as well.

Nevertheless, the data set obtained within thikwows some evaluations. In Figure 7 the timadre
of PM 1 mass is compared with TSP as well as TC3Md, determined from PM 10 filters. The pattern
of TSP to PM 1 looks similar to the one observdbieT SP to PM coarse. Again, most of PM 1 mass

SBO mass
T o 0 .
) 0 variable
= T 1]
=2 v [ = TSp
n 1 1 » ] B “
1
£ A, | naglis i 00 M "
. M Lk Y Sl iy
Eo‘ !1 !
: variable
o o Aw | - v 4 504
o A il i N & TC
= o
o o1 T ——— ;
S © o © O o © © ~ Mo e e o © o oo ©
[ : o O *‘_—' = 0 E 0 ‘: ‘: = E : o O :_—' = O E O ‘: : =
3338628882232 33380288¢L2 232

Figure 7: masses of TSP and PM 1 fraction, as wels SO% and TC values of PM 10 fraction, displayed in pg/ffrom
June 2016 to May 2018.
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concentrations lay below TSP mass concentratiohgxpected, because PM 1 is a sub-fraction of
PM 10. Two outliers become visible in autumn 20Génerally, the contribution of PM 1 to TSP
(PM 1/TSP about 1/3) is  higher than the contributioof PMcoarse to TSP
(PM coarse/TSP about 1/7.5). Correlation of PM Issn SG* and TC concentrations within the
PM 10 fraction as well as to TSP were calculatdtithkee correlations lay below 0.3 (see Appendix
Figure 53 to Figure 55), again highlighting theldems related to PM 1 mass concentrations.

Summarizing it has to be highlighted again, thavgmetric determination of PM 1 mass concentrations
is prone to errors and mass concentrations resaitenly be regarded as an approximation of theahct
conditions. Weighing of the filters will not be dorued.

3.5.3. Preparing aliquots of PM 1 filters

PM 1 filters were cut in half for analyses (seeptbn3.3). To ensure that the cutting device yields
correct and constant partitioning of the filter) B filters were weighed before and after cuttifibe
difference between weighted halves and calculaaddeh (half of weight of whole filter) was relatix
the calculated half and multiplied by 100. To det telative standard deviation equivalent, thedztesh
deviation thereof was calculated (see Equation 4).

RSD = sd <M 100)

Mip
Equation 4
RSD........ relative standard deviation
sd........... standard deviation of expressiohrackets
Mexernnnnnnns experimentally determined mass ofrfhiaf [mg]
M eeennnnnns theoretically determined mass of fitbatf [mg] — halved value of whole weighted filter

[corennrinnnnns taking the absolute value in betwe

In parallel the variability of the mass of sampl&wots obtained by a circular punching tool was
determined. Therefore, 25 punches of 20 mm diametee taken out of a 15 cm diameter quartz fibre
filter. Each punch was weighed. The statisticaliltesare shown in Table 6.

The filter halves showed a RSD of 1.46 %, whidievger compared to the RSD of PM 10 filter material
(RSD 3.14 % - Table 6).

The punches should vary only due to inhomogeneaisren of filter material and variance of the
balance. Assumed that the PM 1 filter material shtlve same variance as PM 10 filter material, the
smaller variance of PM 1 filter halves compareth®PM 10 punches show that the areas produced by
cutting the filters are sufficiently accurate opgrg with the cutting device. Therefore, the PMiltef
halves were not further weighed.

Table 6: Statistics of 25 20 mm quartz filter punche concerning their weight.

minimumnr 12.9(mg Average 13.982mg
gl 13.67:mg | s? variability 0.192¢
mediat 13.9¢ mg s standard deviati 0.439:

g3 14.32mg corr. Variance (1) 0.200¢
maximum 14.94 m (s-1) standard deviatic 0.448:
Span widtl 2.04 m( RSD- relative standard deviati 3.14 %
delta « 0.62

3.5.4. Aethalometer AE33
This method analyses carbonaceous particles. Tireeddraction is named EBC for equivalent black
carbon. Calculations are based on simultaneoushsured attenuation at seven different wavelengths
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(370, 470, 525, 590, 660, 880 and 940 nm). The hiedotused on a filter belt on which aerosols are
sampled. A blank filter material spot is used dsrexce. [32], [33]

The aethalometer measures the absorption on a li#ted. To get the EBC value, the absorption
coefficient is divided through the MAC (mass absiorpcross section) value (Equation 5). Standadtize
methods use the absorption at 880 nm. At this veaaggh absorption of other carbonaceous or mineral
aerosol is lower. The absorption coefficient ig@etied out of the attenuation coefficient and patans

to correct the influence of filter loading and niplié scatter in the filter material (Equation 6her
attenuation coefficient is calculated out of floate, active sampling area and the difference of ATN
over a small time interval (Equation 7). [32]

_ babs(ﬂ-)
EBC = MAC(Q)
Equation 5
EBC............ equivalent black carbon [pg/m?]
Dabd4) .......... absorption coefficient [Mt
MACQ) ....... mass absorption cross section [m#/g]@SE0 nm: 7.77 m3/g)
b A
bass (3) = ot )
Gy - R(f, ATN,)
Equation 6
(N /) I absorption coefficient [Mt
DATNA) «veeeee. attenuation coefficient [Mih
G, specific scatter coefficienfittér material (SBO: 1.57)
R(f,ATN) ..... influence of filter loading (DualSp¥ttechnology)
A AATN
barny(A) = a At
Equation 7
DATNA) «veeeee. attenuation coefficient [Mih
A, active sampling area [m?]
Qe flow rate [m3/min]
AATN ............ attenuation
At time interval [min]

3.5.5. Transmissometer — Soot SNn Model OT21

This method measures light attenuation of partitkesthe Aethalometer. To distinguish the valuks,
carbonaceous patrticle fraction determined by trésssmetry is named BC. A punch area of 36 mm
diameter of each filter of PM 10 and the whole artBM 1 filters were analysed. [34]

The transmissometer measures the transmissioghifdt two wavelengths. One lies in the IR-range
(880 nm), the other in the UV-range (370 nm). Ttiermation (ATN) is calculated out of transmission
intensities of a loaded (1) and unloaded filtgr-(Equation 8). Here only measurements at 880 ram ar
evaluated. The ATN determined at 880 nm is divittedugh a station specific mass attenuation cross
sectiono (33.7 cm?/uQ). [35] To get atmospheric concerdretiof BC, the value is multiplied with the
filter area and divided through the sampled aiunt (Equation 9). Blank measurements were only
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available for PM 10 measurements. The mean of AT blanks was subtracted from the sample
values.

I
ATN =100 In (—)
Iy

Equation 8
ATN........ attenuation
L, intensity of transmission of load@ikr
o, intensity of transmission of unloadiéer
ATN;, A
BC [ﬂ] - IR 7
m3 o Vy
Equation 9
BC.......... concentration of BC measured withriBraissometer [ug/m?3]
ATNR .....attenuation of sample in the IR-range (889)[H
o specific mass attenuation cross sad83.7 cmz/ug) [cm2/ug]
A area of filter loading [cm?]
LY/ PSS normalized air volume [m3]

All values above the LOD were used for further aklion. For PM 1 no blanks were measured, so all
values were taken for further calculations.

3.5.6. X-Ray Fluorescence Analysis (XRF)
XRF measurements were carried out at the XRC (X-Ramter of TU!

Wien) under the supervision of Johannes Zbiral. Table 7: Composition of San
Joaquin Soil. Only elements

In XRF analysis absorption of X-rays leads to acitexl ion. By returnin Measured with XRF are listed.
to their ground state, ions emit X-rays of longaavelengths than the

absorbed ones, which are characteristic for eamnesit. Calibration for Fe | 3.50 m¥
quantification was carried out with standard refieeematerial 2709 (San Ce 1.89 m%
Joaquin Soil, National Institute of Standards & Amalogy) and was K 2.03 m¥%
available from previous work (Neuwirth 2016) [3&uartz filters have S 0.089 mYy
been loaded with different amounts of this soil,ickhhas a specified P 0.062 m%
composition (shown in Table 7). The loaded filtarsre measured with Si 29.66 mY
XRF (aperture for exposure: 20 mm diameter; exmosare: 2.5 s; X-ray Al 7.50 m¥%
generation: 50 kV, 50 mA). During the procedure gditters lost weight Mg 1.51 m¥%

and therefore were excluded from the calibratidgufe 8 to Figure 14

show the calibration curves for each element [S8icon was excluded for further calculations as th
filter itself contains Silicon. The calibration sk® a negative slope (Figure 15), as increasing mass
loadings shield the signal of the substrate.

Iron, calcium and potassium have a calibrationewvith a calibration coefficient above 0.99. Aswho

in Figure 10, Figure 11, Figure 13 and Figure b, ¢ther calibrations (Mg, Al, S, P) show only a
correlation coefficient above 0.8. If there is gaiéve offset on the y-intercept, the calibratiomve is
forced through zero (for Ca, Mg, Al, K, S and Re $égure 9 to Figure 14).

The linear fits have been calculated with R [3%]ng Im and geom_smooth, which shows a confidence
interval of 0.95 shaded in grey.

Via the calibration (Equation 10) an area relatacentration [pugfifscm?2)] was obtained. The mean of
blank values (equally calculated like sample valwess subtracted from the sample values for blank
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value correction. Afterwards the corrected samplieies were converted into pg/m? with the scaling
factor for the active sample area and the norndhbgevolume (Equation 11).

f(x)=k-x+d

Equation 10
f(X) cevrnnnes [Lo/e*em?)]
Koo specific slope[pugicmz*kcps)]
D QT measured value [kcps]
(o U y-intercept [pugftcm?)]

c= [f(xSample) - mBL] S
Vi

Equation 11
(o concentration [ug/m3
f(Xsampid .. value of sample [ugffcm?)]
MBL.....eeoe Average value of blanks (averagef@kz;qni)) [L9/(z*cm?)]
S =d2/4=r2 (d: diameter of active salmarea, r: radius of active sample area) [cm?]

Scaling factor for the area

/N normalised volume [m?3]

The XRF measurements were performed after the fii@asemeter measurements, thus enabling the
usage of the 36mm diameter punches. Samples waredlin brackets with an aperture of 27 mm or

20 mm diameter (for blanks). The beam passed a maggle the measurement system with an aperture
of 20 mm in diameter. Therefore, both sample haldesult in the same measured values.
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SBO XRF Fe Calibration
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Figure 8: XRF Calibration of Iron (Fe).

SBO XRF Mg Calibration
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Figure 10: XRF Calibration of Magnesium (Mg).
SBO XRF K Calibration
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Figure 12: XRF Calibration of Potassium (K).
SBO XRF P Calibration
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Figure 14: XRF Calibration of Phosphor (P).
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Figure 9: XRF Calibration of Calcium (Ca).
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Figure 13: XRF Calibration of Sulphur (S).
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Figure 15: XRF Calibration of Silicon (Si).
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Methods and Calculation

3.5.7. Thermal-optical Carbon measurement

The thermal-optical method was carried out with thgtrument Sunset Laboratory “Lab OC-EC
Aerosol Analyzer”. [37] It allows to measure TC, BGd OC by combining the thermal oxidation with
an optical device to distinguish between OC andvwif@e simultaneously determining the evolving
gases. During the oxidation there are two majosesaln the first one, the oven is flushed withiumel
(non-oxidising atmosphere) with a maximum tempeeati 650 °C. In this phase, only OC, containing
oxygen itself, burns. Burning of OC forms pyrolytiarbon among others. The laser beam, pointing
through the filter, monitors the darkening of tiieef due to pyrolytic carbon building. In the sedo
phase of the temperature profile, a helium-oxygexture (2 % oxygen) flows through the oven
(oxidising atmosphere). During this step, the terapge rises to 860 °C, EC oxidises, and the fgtis
brighter again. The split point, separating OC & is set at the time, when the laser transmission
signal is equal to the value at the start of thasueement. Therefore, pyrolytic carbon developdaten
first step of oxidising OC is count to OC and je§& measured after the split point accounts forB@.
method is comparable with other studies carriedagtitt the EUSAAR2 protocol (standard method for
carbon measurement of European aerosols). [38]

For analysis of the filters a punch area of 10 miameter (78.5 mm?2) for PM 10 and 1x1.5cm
(150 mm?) for PM 1 samples was used. As statedqarsly (chapter 3.2.1) glass fibre filters weredise
occasionally by mistake (e.g. week 29.3.2018). &lidt®rs could not be measured with the Sunset as
the filter material melts during the measurement.

Values of Sunset measurement were recorded in dgidmse values were converted via the active
sampling area and the normalized air volume to f.ghsithe concentrations were very low, they were
converted into ng/m?3 values (multiplied by 100Cee &quation 12).

n K A
rc|25] = rc[£%]- - 1000
m cm4l Vy
Equation 12
TC.......... concentration of TC measured withs&tifng/m3]
TC.......... TC measured with Sunset [ug/cm?]
A, area of filter loading [cm?]
LY/ N TR normalized volume [m?3]
SBO EBC Aethalometer - EC peak 4 Sunset SBO EBC Aethalometer - EC peak 3&4 Sunset
600 f(x) = 029617 x + 136 61968 E 600 f(x) = 1.92485 x + 16.28778
R=-0.00613 = R =0.73462 o
o e
400 o 3 400-
£
=)
200 £ 2001 N
© o
<( o
8 s o =] e
0+ . . . o 04 . . . ‘ . .
20 40 60 0 50 100 150 200 250
EC peak 4 Sunset [ng/m?] EC peak 3&4 Sunset [ng/m?]
Figure 16: linear regression between EC (Suns Figure 17: linear regression between EC (Suns
Laboratory) Peak 4 of PM 10 fraction and EBC Laboratory) as summary of Peak 3 and Peak 4
(Aethalometer) of PM 10 fraction. PM 10 fraction and EBC (Aethalometer) of PM1C

fraction.

Besides the automatic determination of the splitipthhe Sunset Analyser allows a manual split-point
correction as well. Thus, the differentiation betweOC and EC can be changed. The automatically set
split-point was at exactly the same transmissionnduthe measurement as in the beginning of the
measurement. During the measurement there wasreedéémperature profile due to the method used
(EUSAAR2). In this protocol there were two peakedlp3 and peak 4) in the second half of the
measurement, which were concluded to be EC, apthigoint was always set at various points betwee
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SBO EBC Aethalometer - EC auto Sunset peak 3 and 4. Three different possibilities to
o calculate EC were compared for PM 10

6007 fg=28014x + 1533339 measurements concerning their correlation to
R =0.59981

EBC measured with the Aethalometer. The
comparison of the correlation between EC-auto,
EC34, EC4 and EBC (see Figure 16, Figure 17
and Figure 18) showed the best correlation (R of
0.70626) for EC calculated out of peak 3 and
peak 4. For further calculations and figures EC
0 50 100 150 200 was calculated out of both peaks EC3 and ECA4.

EC auto Sunset [ng/m?]
Figure 18: linear regression between EC (Sunse ON one of the measurement days (13.7.2018), the

Laboratory) of PM 10 fraction with automatically set split calibration area of the internal calibration pe&k o
point and EBC (Aethalometer) of PM 10 fraction. the Sunset Analyser was too low. Consequences

were drawn too late and therefore, some PM 1
filters were already measured. These values mapdéow due to the small calibration area (week
30.11.2017 and 14.12.2017 until 11.1.2018). Siheectwere no other errors, and the obtained values
lay in the usual measurement range, the valuesimamthe data set for further calculation.

EBC Aethalometer [ng/m?]

3.5.8. lon Chromatography

In ion chromatography ions are separated in areimmanger column with low capacity. Afterwards,
the suppressor reduces the conductivity of thenéleeamprove the sensitivity of detection. The lstes
having a higher conductivity after the suppresserendetected via a conductivity cell for anions and
cations. The sugar measurements were carried mg ashromatography column without suppressor
since they were detected electrochemically. All BMand PM 1 samples were analysed for cations,
anions and sugars. The parameters used for tregadiffmethods are given in Table 8.

Table 8: Parameters of chromatographic systems.

Anions Catiors Sugar
Systen Dionex IC&-110( Dionex ICS-300( Dionex IC£-300(
0
Eluate NaCOs (4.5 mM), Methane sulfonic acid grtg/ilel;ll?v(\?i?h (I\S/I?Ili%-
NaHCG; (1.4 mM) (MSA — 38 mM) water (4¢%)
Dionex lonPac AS22
Column Carbonate Eluate | lonPac CS16 Cation- CarboPac MA1
Anion-Exchange Exchange Column | Carbohydrate Columr
Columr
- - Electrochemical
Detector Conductivity Conductivity (AU/AGIAGCI)
Suppressaocurren 30mA 11Z2mA No suppressic
Flow 1 mL/min 1 mL/min 0.4mL/min

Standards and samples were measured with the sydesoribed above. Measured concentration values
(in ppm) were calculated further to get an atmosple®ncentration of each ion (in pg/ms). Therefore
the peaks of each analyte were integrated with i@&leon. The calibration curve was obtained by
measurements of external standards (Table 9 arld T&jp Chromeleon gave the concentration of each
sample in ppm (equivalent to pg/mL). Values beloppin were calculated with a calibration curve
excluding standard 4 and 5 (for cations and ani€@siicentration values were corrected with the mean
of blank values. Then, the values were multipligéthwhe volume of the eluate and divided through th
filter area used to get the loading of the filtarqug/cm? (see Equation 13). The filter loading was
transferred into an atmospheric concentration blgiptying with the active sampling area and divigin
through the normalised volume (Equation 14).
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ug eluate [mlL]
B W] = (value[ppm] — mp, [ppm]) X ———5—
Equation 13
B filter loadings [pg/cm?].
value ...... measured concentration in ppm (=pgimL)
MBL.coe.ee.. mean value of field blanks concentratioppm (= g/mL).
eluate .....volume to elute filter material [mL]
S radius of the filter area elutedhji¢.
wgy _ _rugq_d*m
e [l = 8 [l 57
Equation 14
C. concentration of sample in pg/ms.
B . loading of the filters in pg/cm?2.
dones diameter of whole sampled filteeain cm (14 for PM 10, 3.7 for PM 1).
|/ volume in m3 (normalized) sucked tigiofilter during sampling.

LOD for cations and anions was calculated concgrtiie measurements of field blanks (Equation 3).
Filter blanks for sugars were measured for PMtérflonly and the calculated LOD for Levoglucosan
was also taken for PM 10 Levoglucosan measureméns. to low concentrations, only Inositol,
Levoglucosan, Arabitol, Glucose and Sucrose LOCRMf1 were calculated. For other sugars no LOD
could be calculated based on the field blanks.

3.5.8.1. Cations

Cation chromatography measured NdH,*, Mg?*, K* and C&'. Therefore, seven standards were used
for calibration (amounts given in Table 9). If duawas more than 1 ppm above the highest standard,
the sample was diluted and measured again to gefue inside the calibration range. In accordance
with interlaboratory surveys the calibration cuwas fitted through zero.

Table 9: Concentrations [ppm] of used standards focation chromatography.

Standar Natriun Ammoniurr Magneium Potassiur Calciurr
1 0.1 0.1 0.1 0.1 0.1
2 0.5 0.5 0.5 0.5 0.5
3 1 1 1 1 1
4 2 3 2 2 3
5 5 7 5 5 7
6 0.6 0.6 0.8 0.8 0.8
7 0.0t 0.0t 0.0t 0.0t 0.0t

9 (control 0.2 0.25 0.25 05 0.5

standard -

11 (control

standard ¢ 2 2.5 2.5 5 5

For analysis 12 mm punches, one for each sampRVbl0 and PM 1, were taken. The punch was
placed in a PP test tube and 3 mL of 38 mmol MSfeveelded. After shaking it, the sample was placed
in an ultrasonic bath (at 30 °C, full power graddd 20 min. The test tube with PM 10 filters was
centrifuged at 4000 rpm for 10 min (3500 rpm fds &in for PM 1 filters). 1.1 to 1.5 mL of PM 10
eluate (1 mL of PM 1 eluate) was pipetted intoad, wrhich could be used within the autosamplereAft

Hanna 19



Methods and Calculation

centrifugation at 13 400 rpm for 5 min the tube wked in the automatic sampler and measured with
ion chromatography (parameters given in Table 8).

Some chromatograms of PM 10 cations were recomtea foo short time in the end and therefore, the
Ca*-peak was cut off. This data was eliminated andfadher processed (week of 28.9.2017 and
30.11.2017). A repetition of these samples is bssiue to remaining filter material of PM 10 saewpl

3.5.8.2. Anions

Anion chromatography measured chloride, nitritdraté, sulphate and oxalate. Therefore, seven
standards were used for calibration (amounts givdrable 10). If a value was more than 1 ppm above
the highest standard, the sample as diluted andurexhagain to get a value inside the calibratoge.

In accordance with interlaboratory surveys thebeation curve was fitted through zero.

Table 10: Concentrations [ppm] of used standards foanion chromatography.

Standar Chloride (CI) | Nitrite (NOy) | Nitrate (NO3) | Sulphat (SCs%) Oxalae
1 0.1 0.1 0.1 0.1 0.1
2 0.5 0.5 0.5 0.5 0.5
3 1 1 1 2 1
4 2 2 4 4 2
5 4 4 12 12 5
6 0.8 0.€ 0.8 0.8 0.€
7 0.0t 0.0t 0.0t 0.0t 0.0t
9 (control 0.5 0.5 0.5 0.5 0.5
standard -
11 (control
standard ¢ 3 3 3 3 3

For analysis of anions, 12 mm punches were takeofdeM 10 filters. For PM 1 filters the remaining
area of the filter half (equal to 274.508 mm? aspldiyed in Figure 1) was taken for anion and sugar
measurement (exact treatment of PM 1 filters fooramnd sugar measurements see chapter 3.5.8.3).
Filter material was eluted with 3 mL of milli-Q-weatin a PP test tube. After shaking it, the samals
placed in an ultrasonic bath (at 30 °C, full powgsade 9) for 20 min. The test tube with PM 10 fdte
was centrifuged at 4000 rpm for 10 min (3500 rpn2{& min for PM 1 filters). 1.1 mL of PM 10 eluate

(1 mL of PM 1 eluate) was pipetted into a vial, @¥icould be used within the autosampler. After
centrifugation at 13 400 rpm for 5 min the tube wkEed in the automatic sampler and measured with
ion chromatography (parameters given in Table 8).

3.5.8.3. Sugars

As the samples have low concentrations, additistasddards with low levels were prepared (see Table

11). All standards were diluted out of paternalutohs. These were prepared with a concentration

around 1000 ppm and stored in the freezer. Forapagipn date and exact concentrations see Table 11
and Table 12.
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Table 11 concentrations of additional sugar standarslfor low concentration range given in ppm.

Standar | Concentration [ppn | Flaskvolume [mL] | Stock solution [uL

N1 0.0¢ 25C 15
N2 0.5 10C 5C
N3 2 10C 20C
N4 5 5C 25C
N5 1C 5C 50C
N6 1 10C 10C
N7 0.0t (2:10 dilution of N2 -

N8 0.2 (1:10 dilution of N3 -

N9 0.01 (1:50 dilution of N2 -

Table 12: Sugars of stock solution with their concearation and preparation date.

Suga Concentration [ppn Preparation da
Erytritol 100( 09.03.200
Inositol 100( 05.201°
Levoglucosa 101¢ 04.07.201
Arabitol 101¢ 04.07.201
Mannosa 100: 04.07.201
Trehalos 100( 03.03.201
Mannitol 100¢ 04.07.201
Galactosa 101C 04.07.201
Glucost 100( 03.07.201
Fructos: 100( 03.07.201
Sucros 100( 03.07.201

For PM 10 samples, four 12 mm punches per filtaevetuted with 2 mL milli-Q-water in the ultrasonic
bath (at 30 °C, full power grade 9) for 20 min. hthe PP test tube was centrifuged at 4000 rpm for

10 min. 1 mL of supernatant was transferred imi@aband centrifuged at 13 400 rpm for 5 min.

For PM 1 filters the remaining material of one haflthe filter was placed in the PP test tube (tpua
274 mm? as displayed in Figure 1) and 3 mL millis@ter were added. Shaking of the test tube
guaranteed that the filter was covered with wabe test tube was put in the ultrasonic bath &C30
and full power for 20 min. Filter material was aéfaged at 4000 rpm for 10 min and 2-times 510 pL
of supernatant was pipetted into two vials, onestayars, the other for anions. Vials were centatug
at 13 400 rpm for 5 min and if filter residues abbk seen, 1 mL of supernatant was pipetted inewa

vial and centrifuged at 13 400 rpm again.
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4. Results and Discussion

This section is split in two parts where the fose covers results concerning the comparison dioaist
The second part deals with time trends of the saipgtiod of nearly two years, PM 1/PM 10 ratios and
a comparison of results with measurements perforrb&BO in 1991-1993.

4.1. Method comparison

4.1.1. Comparison of Ca, Mg and K concentrations determined by ion chromatography
and X-ray fluorescence
To compare IC and XRF measurement, a time seri€a$ shown in Figure 19. The measurements

were quite equal except during three weeks in Mafti7, where IC measurements showed markedly
higher concentration than XRF.

SBO PM10 IC - XRF

1.00- b {
’ A
y
075 .",ll
nll variable
E ! ! ”
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S 050 : " | Ca IC
! “+ Ca XRF
= 1 b [l | -
! | ! - Fe_XRF
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Figure 19: Time series of Ca measured with IC and XR and Fe measured with XRF (June 2016 to May 20).8

The linear correlation of Ca measured with I

and XRF in Figure 20 shows that IC and XF SBK 2016-2018 Ca IC - Ca XRF
measurements resulted in matching 127
concentrations. In addition, Mg and K were al: o

measured with both methods and the ‘g 09 =X ¥ A
measurements correlated as well (see Figure “g '
and Figure 22). Intercepts of these correlatic ; 06 -
lay below the atmospheric LODs of XRI X
measurements (Ca: 6.7 ng/m3; Mg: -17.0 ng/r « g3
K: 7.5 ng/m3). For Ca, the slope is nearly
whereas for Mg and K the slope is high
(approximately 3 and 7, respectively). Th ' . ja i '
suggests that, for Mg and K in 38 mM MS¢/ 000 02 Ca ICOLngmS o7 100
insoluble components are present, whi_.

therefore can onIy be detected in XRF and not IFlgure 20: Correlation of Ca between measurement th
IC. IC and XRF.
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SBK 2016-2018 Mg IC - Mg XRF SBK 2016-2018 K IC - K XRF
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Figure 21: Correlation of Mg between measurement wit  F19ure 22: Correlation of K between measuement with
IC and XRF. IC and XRF.
Assuming that calcium is a marker of miner SBK 2016-2018 Ca IC - Fe XRE
dust like iron, the concentration of avas 064
correlated to Fe to estimate a contribution ’ °
mineral dust with IC measurements a!one, o f(x) = 044471 x + 0.0125
XRF measurements are not available. Figure £ R = 0.83365

m04_ o

shows the correlation between®Cand Fe. The 3
one calculated out of XRF measurement of « &
(R =0.8666) is better as the one wheré' @ X< 2
measured with IC (R =0.83365). Thes {
correlations show, that an approximation of |

and in second step of mineral dust is possit 0.0+

but XRF measurement itself is better. The tir 0.00 025 0.50 075 100
series of C& (or correlating C&~ assuming Ca IC pg/m?®
that CaCQ is present) to Fe is presented In

. - Figure 23: Correlation between C&" (IC) and Fe
Figure 19. Also, comparison of Mgand K (XgR,:). 1)

determined by IC with Fe (XRF) was done and

fits quite well (Figure 24 and Figure 25). The lowalue of R for K is reasonable, as other souodes
K (e.g. wood combustion) are well known (e.g. Riale2008) [39]. The intercept of these correlasio
lay below the LOD of Fe (80.3 ng/m3).

SBK 2016-2018 Mg IC - Fe XRF SBK 2016-2018 K IC - Fe XRF
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Figure 24: Correlation between Mg* (IC) and Fe (XRF). Figure 25: Correlation between K (IC) and Fe (XRF).

High Ca and Fe points to SD, which should give &led TSP. To check this, time series with
independently marked SDEs were considered. Somatsv&how this behaviour - high TSP
concentrations and corresponding elevated Fe antb@@entrations can actually be related to SDEs
(see Figure 26). On the other hand, there weretgwéth high concentrations of TSP, calcium and,ro
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but without an SDE. Until January 2018 three week$ especially high Fe and Ca values were
noticeable: 21.7.2016; 8.9.2016 and 14.7.2017 tik@mweek of 21.7.2016 an SDE was found in the
SBO report. The week of 8.9.2016 showed elevatd®, F8 and Ca concentrations, but no SDE in the
SBO report. Nevertheless, an influence of SD issids if the model of SD in the atmosphere is
combined with the trajectories for SBO, as theetrfijries of this week point directly at SD rich
atmospheric regions. Obviously, the SD-Index watlssad due to limited availability of online data
during this week. A different situation occurs the week of 14.7.2017, when relatively low TSP
concentrations, but high Fe and Ca concentratiare whserved. An influence of SD can be excluded
for this week, but the assumption of local influeraf mineral dust [28] due to construction work is
enhanced. For the week of 14.7.2017 it was recottatithe sampling system of Digitel was shut down
due to construction work. This week lay shortlydrefthe start of the construction work and shutdown
of sampling. Therefore, it is likely, that earlyneamenced work may had started in this week.
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Figure 26: PM 10 mass compared with Fe and Ca meamments of XRF. SDE are marked in orange.
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4.1.2. Comparison of EBC, BC and EC determined by Aethalometer,
Transmissometer and Sunset

Refractory carbon  content

especially the fraction of EC ol SBO EBC Aethalometer - EC Sunset

BC, has been analysed wit
different  methods. Optical
methods like the Aethalomete
and the Transmissiometer focL
on optical properties anc
determine the BC content
whereas the Sunset as a prima
thermal method measures the s
called EC. In difference to the

600 -
f(x) = 2.34272 x -35.27713
R=068722 °

F=

[=]

(==
1

M

(=]

[s=]
1

EBC Aethalometer [ng/m?]

optical methods determining BC 04 ° ° | | | |
the term EC focuses on th 50 100 150 200 250
thermal properties of carbon EC Sunset [ng/m?]

Nevertheless_, the_ carbon Conteizi'gure 27: Correlation of EBC measurement on Aethalometer compare
measured with different systemio EC measurement on Sunset showsfald elevated BC Aethalomete
should be about the samconcentrations compared to EC Sunset.

amount. Therefore, correlation.

between these measurements

were calculated to recognizi
similarities as well as
differences. This procedure ha
already been addressed i
chapter 3.5.7, when the
determination of the split point
was explained.

SBO BC Aethalometer - Transmissiometer

[a)

et
(=]
1

fi(x) =2.98718 x + 0.02631
R =0.75481

The concentrations measure
with the Aethalometer (EBC)
was twice the concentration ; : : . ;
measured with Sunset (EC) ar 0.00 0.05 0.10 0.15 0.20
threefold the ones measured wif BC Transmissiometer [ug/m?]
transmissometry  (Figure 27rigure 28: Correlation of BC measurements on Transiissoneter
Figure 28), For the Sunseand Aethalometer. EBC shows threefoldconcentrations of BC
measurements one has to nomeasured with Transmissometer.

that here a slightly different set

of data (values below the LOC SBO BC Transmissometer - EC Sunset
were excluded) was used than
the previous chapter concernin
the description of the analytica
methods, when all values wer
used. This leads to sligh
differences of the regressiol
analysis. The marked scatter (

EBC Aethalometer [ug/m?3]

o]

o
(W]
1

fix) = 0.26209 x + 0.03203
R =0.23367

BC Transmissiometer [ug/m?]

the data as well as the slope beil 2 0.1+

markedly higher than 1 (Figure

27), points to the presence c 0.0-

light absorbing species ir @ — j 02 04 0.6

addition to EC. Note that the -EC Sunset [pug/m?]

Aethalometer  was InSta”eci:igure 29: BC measured with Transmissometer showapproximately

behind the whole air inlet, whil€he same concentration compared to EC Sunset measiments.
the Sunset measuremen

described here refer to PM 10 filters collectechveitHiVol sampler installed independently.
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Comparing Sunset anc
transmissometer measurements
slope close to 1, but a large scatt
was observed (Figure 29). This be
correlation between EC (Sunset) ar
BC (Transmissometer) may be dt
to the calculation procedure chose
for EC, i.e. the manual setting of th
split-point, which adjusted EC
calculation to the Aethalomete
signal. BC values for
transmissometry were calculate . . . . .
using a conversion factor determine 0.00 0.05 0.10 015 0.20

by Greilinger et al (2019) for SBO EC auto Sunset [ug/m’]

In the cited paper the determinatiCrig,re 30: BC measured with Transmissometer showapproximately the

of EC was based on an automaticalsame concentration compared to EC Sunset measurensnwith

set split point. The correlation of B(automatically set split point.

(Transmissometer) and EC (Sunse.,

is better (see Figure 30), when the split pointHQrdetermination is set automatically (in diffezerto
the calculation in the present thesis, where pemkd34 are used to estimate EC). This again stbais,
comparisons of BC and EC measurements performédiifierent methods, have to be interpreted with
care.

SBO BC Transmissometer - EC Sunset

0.20 1

fix) = 0.91884 x + 0.0016
R =0.7651

[s=]

—

(4]
1

e
(%]
1

o

(=)

=
1

BC Transmissiometer [ug/m?]

Since there is a difference in BC and EC corretatiepending on whether EC is calculated with
automatically set split point or out of peak 3 @ndt has to be noted, that within the present week
was always calculated out of peak 3 and 4, if mted differently.

4.2. Time Trends

Here concentrations of metals, ions and carbon oomgs are presented starting from June 2016 to
May 2018. Time trends for each measurement metredisplayed and compared between PM 10 and
PM 1 fractions, if possible. In the end the avesagfesummer and winter periods of this two-yearquer

is compared to the concentrations measured at 8Bla®i1990ies [20].

4.2.1. Concentrations of elements — Fe, Ca, Mg, K, Al
Calibration curves are shown in chapter 3.5.6Jaeand K showed a good calibration curve with an R?
greater than 0.99. Mg, Al, S and P also showedoa galibration curve with an R? above 0.8.

Out of 88 measured PM 10 filters the number of esloelow Table 13: Number of values below

the LOD is given in Table 13. For most of the metab LOD out of 88 PM 10 values
relevant number of samples are below LOD. Exceptame Fe analysed.

and P, as for Fe approximately 10 % of the samgiedelow

LOD and for P approximately 20 % of the samplesksriew Analyte Number of values
LOD. As given above, only the calibrations for g and K below LOC
showed a correlation coefficient above 0.9, theetthad a Fe 1C
correlation coefficient above 0.8. As most of themeents lay Ce 2

below the lowest standard, a more appropriate reaidn for Mg 4

SBO samples is needed, if XRF is further used &ones of Al 1

small filter loadings. The aperture of the sampuklar (27 mm K 6

or 20 mm) was nhot relevant as the aperture folbtsm was S 0

limited to 20 mm in the used method. P 17
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The timeline of metal compounds measured with XRéws a low background concentration with
about five periods with higher values (July 201é&ptember 2016, June/July 2017, April 2018) as
shown in Figure 31 and Figure 32. In most of treesaAl concentrations exceeds the others. Just¢ at t
end of March 2018 Fe concentration is higher th&nFa, Ca, Mg, K and Al seem to have a similar
trend in concentrations. S seems to have anottred &s the metals measured due to different sources

S concentrations are more variable due to mixtme anthropogenic influence, which is enhanced
during the summer period.
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Figure 31: Fe, Ca, Mg, K and Al measured with XRArom June 2016 to May 2018.

P shows the most constant concentrations consgdéra XRF-measurements. It only shows elevated
concentrations during summer 2016, July 2017 and 2p18 (see Figure 32). The other compounds

show greater variability over the years, excepirduwinter periods from November to January, where
the concentration of all compounds stays rather. [bhis may be also due to the mixing of the
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Figure 32: S and P measured with XRF from June 201® May 2018.
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atmosphere, which augments during summer timesaltigbulences. S shows greater variations than
the other compounds. Therefore, compounds likeCBeK, Mg and Al are more likely to be related to
SDEs than S as it shows a variability in conceiatnabver the whole year.

Underlining the statement, that P may be part cESD contrast to S, P shows good correlation (R
above 0.7) to Al, Fe and K concentrations (seer€i@3 to Figure 36), whereas a low correlation with
S (R about 0.3) was observed (see Figure 37). AslB0 was determined by IC, there are two
correlations of P to K. Kdetermined by IC shows a poorer correlation coeghan K determined by
XRF. This could be cue to an incomplete solutioiKafompounds by IC measurement, as mentioned
above. On the other hand, it has to be held in piat the correlation with K determined by XRF is
strongly driven by a small number of data pointyonl
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Figure 33: Correlation of P and Al measured with XRF. Figure 34: Correlation of P and Fe measured with XK.
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Figure 37: Correlation of P and S measured with XRF
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4.2.2. Carbonaceous Particulate Matter — EBC, BC and EC
The carbon content measured with the aethalomERC) was available for TSP solely. EBC is in
reasonable correlation with BC (transmissiometenr)l &£C (Sunset) (Figure 38) but pronounced

differences in absolute concentrations values becdasible as discussed before (chapter 4.1.2). 79%
of PM 10 BC values lay above the LOD (this corresfsoto 18 of 85).
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Figure 38: PM 10 concentrations of EBC of aethalonter, BC of transmissometer and EC of Sunset measurents starting from June
2016 to end of May 2018 (EBC measurements valuesre@nly available until January 2018).
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Figure 39: PM 10 and PM 1 BC concentrations in pg/ffrom June 2016 to May 2018.

PM 1 measurements of BC are shown in Figure 39rijNed measurements lay below the ones of

PM 10 fraction, as expected. 89% of PM 1 BC valagsbove the LOD (this corresponds to 76 out of
85 measurements).

Higher concentrations in summer periods comparedvitter are observable for carbonaceous
components as well. These seasonal variations @eeta differing mixing of the atmosphere as
described in chapter 4.2.1. Seasonal variationtentrations are called annual cycles henceforth.
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While PM 10 concentrations of EC are shown in FegB8 over the period of time from June 2016 to
May 2018 together with BC and EBC concentrationd. 1® concentrations of TC, OC and EC are
displayed in Figure 40. 92 % of OC and TC conceiaina lay above LOD. EC concentrations are lower
than OC concentrations. Hence, only 67 % lay add®. Annual variations between summer and
winter are observable here as well. OC accountgdé of TC.
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Figure 40: PM 10 carbon concentrations measured witSunset in pg/ms3 from June 2016 to May 2018.

PM 1 concentrations of TC, OC and EC are displayedrigure 41. 99 % of TC, OC and EC
concentrations lay above LOD. The higher percenth@M 1 EC values above the LOD is most likely
due to the greater filter area used for analysisabse the loadings (ug/cm?2) of PM 1 and PM 10 ksmp
as well as the blank measurements are similar. &lnvariations between summer and winter are
observable here as well. OC accounts for 79 % gfWiiich is the same contribution as in PM 10.
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SBO PM1 carbon content
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Figure 41: PM 1 carbon concentrations measured witlsunset in pg/ms3 from June 2016 to May 2018.

PM 1 concentration is lower than PM 10 concentregie seen in Figure 42. Interesting are two high EC
concentrations in PM 10 in April 2018. As no difface to other measurements were observed, these

elevated concentrations are most likely due tditeeactivities related to construction work inrSuner
2018 connected to the renewal of the cable cdre@ibservatory.
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Figure 42: PM 10 and PM 1 carbon concentrations mesared with Sunset in pg/m? from June 2016 to May A@.
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4.2.3. NH4*, Ca?*, Na*, Mg?* and K*

PM 10 concentrations of cations are shown in Fig&.eThe annual trend, which is described for XRF
and Sunset measurements in chapter 4.2.1 anddf Righer concentrations in summer times compared
to winter can be seen here as well as the higheatentrations in this period in September 2016
June/July 2017 and April 2018. These periods dii¢igoncentration are seen forCaa", Mg?* and

K*. For NH;" the general seasonal trend is visible, but theagdel concentrations mentioned above are
not observed. This most likely is due to differsotirces of Nkt compared to the other analytes, which
could be part of SD (or mineral dust related tostarction work) as well. And SDEs are more common
in spring and autumn, which are the periods whegken concentrations are observed. 83 % of,NH

concentrations lay above the LOD. The other catmmcentrations showed an even higher percentage
of values above the LOD (Kta90 %, C&": 92 %; K': 99 %; Md¢*: 100 %).
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igure 43: PM 10 concentrations of cations (Nkt, Ca&*, Na', Mg?*, K*) from June 2016 to May 2018.
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Figure 44: Typical chromatogram of PM 10 filters stowing a relatively high C&* peak compared to other measure

cations (Na, NH4*
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Some chromatograms of PM 10 (from week 15.03.2048 't
24.05.2018) showed additional peaks at around$1618.3 min

Table 14: Number of values
lying below LOD out of 89

and 19.6 min. BL7 showed the same additional pddiexefore, the
contamination may be due to the filter materiakransportation.

PM 10 values analysed.

Most of the cation chromatograms showed the adtditipeak at Number of
around 13.5min, which could not be identified yétwo Analyte values below
chromatograms do not include the wholé*Geeak at the end of the LOD
measurement time and therefore thes&-Calues with incomplete Na* 9
peaks were excluded from calculation (week of 22087 and NH.* 15
30.11.2017) as already mentioned before (Analyfidethods). In Mg?* 0
addition, the measurement time was prolonged forthén K+ 1
measurements. Number of values below LOD are giv@iable 14 22 7
and a typical chromatogram of PM 10 samples infeigi4.
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Figure 45: PM 1 concentrations of cations (Nkf, Ca?*, Na*, Mg?*, K*) from June 2016 to May 2018.

PM 1 concentrations of cations are shown in FigtieThe annual trend of higher concentrations in
summer times compared to winter can be seen harelhas the highest concentrations in this period
in September 2016, March to May 2017 and April 2008y 6 % of C& and 9 % of M§
concentrations lay above the LOD, suggesting thatgreater amount of €aand Mdg"* lay in the
PM coarse fraction, as expected of analytes otligigerom SD or mineral dust. The other cation
concentrations showed a higher percentage of valbese the LOD (Na 81 %, K: 97 %, NH":

99 %). Note that the NH concentrations in PM 1 exceeds the PM 1Q/Nd#ncentration sometimes.
As the LOD of NH* for PM 10 is higher compared to PM 1, no contatmmaof PM 1 filters with
ammonium after sampling (i.e. during storage withi@ Observatory) is likely. Blank values used for
correction of PM 10 filters were higher comparedPtd 1 filters. Applying the blank values of PM 1

would yield in approximately 0.012 pg/ms higher R®lconcentrations, which would explain a number
of the mismatch of PM 10 and PM 1 observed pregentl
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For PM 1 samples a typical chromatogram is givefigure 47. The Table 15: Number of values
chromatogram showed a high Nhbeak relative to the other peaks.  lying below LOD out of 87

As NH;" values are the highest of measured cations, tieegiso the PM 1 values analysed.

ones mostly over the LOD. €aand Md¢* had such a small

concentration, that they could only be qualitathabserved, but not Number of

quantitatively (for exact numbers of values belo@D.see Table Analyte values

15). below LOC
e I . . Na* 16

The differing contribution of cations to the PMrddaPM 10 fraction NH4" 1

is also visible from the chromatograms. In PM 1@ngies C&" Mg?* 78

typically showed the highest peak (Figure 44), whsrin PM 1 the K+ 3

NH4* peak was highest compared to other peaks in tleeneiiogram 2 81

(Figure 47). The number of values below LOD shottsit the
concentration on the filter of PM 1 is lower thhatton the PM 10 filter. The atmospheric concerainat
of cations in PM 1 and PM 10 fractions in the aire@presented in Figure 46.
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Figure 46: PM 10 and PM 1 concentrations of cationsom June 2016 to May 2018.

Bearing in mind, that Caand Md* show lesser concentrations above LOD in PM 1 coetpm PM 10
and comparing PM 10 to PM 1 concentrations of oati@ee Figure 46), €aan Mg* are enriched in
PM coarse. This underlines the assumption, thaeraindust, which contains €aand Md¢*, and

particles of mechanical erosion are found in therse fraction.
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Figure 47: Typical chromatogram of PM 1 filters shaving a relatively high NHs" peak compared to other measure
cations (N&, Mg?*, K*, C&*).

4.2.4. SO4%, NOz, NO2 and CI- determined by anion chromatography

PM 10 concentrations of anions are shown in Fig@.eThe annual trend of higher concentrations in
summer times compared to winter could be obsereed as well with an exception of CThere are
only few concentrations of diing above the LOD (11 %) and all show similar centration in
summer and winter. The highest concentrationsigpériod in September 2016, June/July 2017 and
April 2018 could be observed for $Oand NQ. NO; and NQ concentrations showed a similar

percentage of values above the LOD N@3 %; NQ": 57 %), whereas all measured values 0f°SO
lay above the LOD.
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Figure 48: PM 10 concentrations of anions (S&, NOs', NOz, ClI) from June 2016 to May 2018.

In anions chromatograms additional signals elubetpre chloride were observed sometimes. These
peaks could be due to presence of organic acitisaside. Additionally, a peak between MN@nd NG
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occurred a number of times. These additional peake approximately at 4.1 min, 8.2 min (correlated
with the fourth peak of the control standard, whitiould be bromide) and 12.0 min (correlated with
the sixth peak of the control standard, which stitva! phosphate). The first peak of the controldsiesh
(fluoride) was at approximately 3.5 min and therefbefore the first peak in the sample. Moreover,
NO; often occurred as a double peak and was rathexdbfexample given week 15.09.2016 or
30.03.2017).

When PM 1 samples were analysed, retention times gligihtly shorter, due to the performance of the
chromatographic system at that time. Consequeatipther signal eluting later than sulphate was
observed for PM 1 samples and could be identifeedxalate. Oxalate will have been present in PM 10
as well, but was not detectable because of thiénsetof analysis. As the peaks eluted late, it doil

be seen. As PM1 is a fraction of PM 10 it is assymthat PM 10 has at least the same
amount/concentration of Oxalate.

PM 1 concentrations of anions are shown in Fig@&eThe annual trend of higher concentrations in
summer times compared to winter could be obsereed as well with an exception of CThere are
only few concentrations of Aying above the LOD (13 %) and all show similar centration in
summer and winter. For NQonly 6 % of the concentrations lay above the LO@Berefore, no trend
could be seen for NO The highest concentrations in this period for’S&nd NQ could be observed
in September 2016, March/April 2017, December 2@hd March/April 2018. N® and SG*
concentrations showed a similar percentage of gabeve the LOD (NQ 97 %; SGQ*: 99 %).

Comparing PM 10 and PM 1 concentrations of anisas Figure 50), concentrations of PM 1 lay below
the ones of PM 10 for S®and NQ. For NG and Cino real trend could be seen, as too few values of
PM 1 are available.
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Figure 49: PM 1 concentrations of anions (S&, NOs', NOz, CI") from June 2016 to May 2018.
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Figure 50:

4.2.5. Levoglucosan, Inositol, Arabitol, Glucose and Sucrose

PM 10 and PM 1 concentrations of anionsom June 2016 to May 2018.

Within PM 10 only Levoglucosan was measured. 90f ¥heasured concentrations lay above the LOD.
Nevertheless, nearly all samples of March 201b&gw the LOD. The time trend of Levoglucosan of
PM 10 is displayed in Figure 52 in comparison wiitle Levoglucosan concentration of PM 1. In

September 2016, as well as in February and MartB 2&vated concentrations were observed.
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Figure 51: PM 1 sugar measurements. Atmospheric concentration img/m3 of Inositol,
and Sucrose are given starting from June 2016 to drof May 2018.

Levoglucosan, Arabitol, Glucos

As the concentrations were very small, only a famgles showed sugar concentrations above LOD.
For PM 1 1 % of Inositol 11 % of Glucose, 12% ot&ise, 61 % of Arabitol and 66 % of Levoglucosan

concentrations lay above the LOD. One relativelyhhglucose concentration and several elevated
Sucrose concentrations occurred. Levoglucosan edaumd in most of the samples in the range from
0.15 to 3 ng/m3, whereas Arabitol did not rise a0\8 ng/m?3 (Figure 51). In some samples Mannosan,
Trehalose, Mannitol, Galactosan or Fructose coaldumntitatively observed as well.
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PM 1 concentrations were, as usually expected, i@mompared to PM 10 values. Just one value of
PM 1 was noticeable high compared to PM 10 (Figa2e It was the week of 21.9.2017, where

measurements have been resumed after a summer. pdagee the sampling systems had been
differently cleaned before sampling again. As It@sn PM 1 was also only present above LOD in this

week, it may be due to accumulated particles inRwiel sampling inlet during the break of sampling

in summer 2017. In March 2017 the measurement$/loi® Levoglucosan lay below the LOD.
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Figure 52: Levoglucosan concentration in ng/m3 of M 1 and PM 10 filters.

4.3. Comparison of concentrations in summer and winter and PM 1 to
PM 10 ratios

The average of concentrations for each analytesdionmer and winter periods were calculated. For
summer, weeks from June to August were averageutir®f from November to January, the winter
period is averaged. Exact dates from the two wiated summer periods are listed in Table 16. In
addition, all summer weeks of both years and afitevi weeks of both years were averaged for
summer 2016-2018 and winter 2016-2018. PM 10 aesrage displayed in Table 17. Table 18 shows
averages of PM 1 samples.

Table 16: Dates of summer and winter periods for arage of concentrations.

Name of perio Star Enc

Summer 201 02.06.201 31.08.201
Winter 201¢ 03.11.201 01.02.201
Summer 201 01.06.201 27.07.201
Winter 201 02.11.201 31.01.201

Generally, concentrations were higher in summerpaoed to winter (see Table 17 and Table 18). Only
Levoglucosan showed a lower concentration for sumntimen for winter in PM 10 and in PM 1. The
lower concentrations of aerosols during winter cared to summer at the mountain top is contrary to
the observations in valleys, where concentrationginter are usually higher than in summer. This
effect of higher concentrations in summer is duéoenhanced influence of boundary layer air ngsse
due to stronger mixing of the troposphere in summaring winter vertical mixing is less pronounced

and PM accumulates closer to the ground. Duringewiperiods, sometimes almost free tropospheric
concentrations can be observed at SBO.
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Table 17: PM 10 averages of analytes for summer andinter periods. If no values are available, the fill is filled with
NA (not available). Values measured only for PM 1@re shaded in grey.

Summer | Summer Summer Winter | Winter Winter Summer-winter| LOD
2016 2017 2016 | 2017 ratio
BC [ug/m3] 0.054 0.080 0.063 | 0.020 | 0.023 | 0.021 3.1 NA

Fe [ug/m3] 0.045 0.118 0.071 | 0.013 | 0.016 | 0.015 4.8 0.0803
Ca-XRF [pug/m3] | 0.056 0.208 0.109 | 0.016 | 0.014 | 0.014 7.6 0.0067
Mg-XRF [ug/m3]| 0.030 0.069 0.044 | 0.009 | 0.008 | 0.008 5.4 -0.0170
Al [pug/m3] 0.164 0.547 0.298 | 0.038 | 0.040 | 0.039 7.6 0.0146
K-XRF [ug/m3] | 0.042 0.181 0.091 | 0.010 | 0.013 | 0.012 7.8 0.0075
S [ug/m?3] 0.189 0.229 0.203 | 0.053 | 0.015 | 0.030 6.7 0.0036
P [ug/m3] 0.005 0.011 0.007 | 0.001 | 0.001 | 0.001 9.5 0.0006
OC [ng/m?3] 715 1136 863 111 160 137 6.3 173.1

EC [ng/m3] 107 137 118 67.5 60.1 61.6 1.9 66.5
TC [ng/m3] 818 1273 977 140 202 173 5.6 173.1
SO4% [ug/m?3] 0.510 0.748 0.593 | 0.145 | 0.117 | 0.128 4.6 0.0014
NOs [pg/m?] 0.064 0.095 0.089 NA 0.060 | 0.060 1.5 0.0563
Cl [ug/m?3] NA NA NA NA 0.010 | 0.010 NA 0.0051
Ca? [ug/m3] 0.051 0.187 0.101 | 0.012 | 0.018 | 0.016 6.3 0.0057
NH4" [ug/m3] 0.165 0.210 0.180 | 0.032 | 0.030 | 0.032 5.7 0.0288
Mg* [ug/m?3] 0.009 0.024 0.014 | 0.002 | 0.002 | 0.002 7.1 0.0002
Na* [ug/m3] 0.011 0.034 0.020 | 0.003 | 0.010 | 0.008 2.6 0.0034
K* [ug/m?3] 0.017 0.037 0.024 | 0.003 | 0.007 | 0.005 4.5 0.0023
Lev [ng/m3] 1.40 1.75 1.52 2.03 1.12 1.60 1.0 0.174

Table 18: PM 1 averages of analytes for summer andimter periods. If no values are available, the fiel is filled with
NA (not available).

Summer | Summer Summer Winter | Winter Winter Summer-winter LOD
2016 2017 2016 | 2017 ratio

PM 1 [ug/m3]| 3.15 NA 3.15 1.20 NA 1.20 2.6 NA

BC [ng/m3] | 0.039 NA 0.039 | 0.009 | 0.016 | 0.013 3.1 NA
0C [ng/m?] 391 NA 391 715 | 115 | 943 4.1 104.6

EC [ng/m?] 85.1 NA 85.1 26.5 | 30.8 | 28.7 3.0 8.4
TC [ng/m?] 476 NA 476 98 146 | 123 3.9 104.6
SO4* [ug/m®] | 0.399 NA 0.399 | 0.128 | 0.121 | 0.124 3.2 0.0047
NOs [ug/m®] | 0.198 NA 0.198 | 0.016 | 0.029 | 0.023 0.6 0.0033
Cl [ug/m?3] NA NA NA 0.013 | 0.009 | 0.011 NA 0.0020
Ca?* [ug/m?] NA NA NA NA NA NA NA 0.0276
NH4" [ug/m®] | 0.178 NA 0.178 | 0.054 | 0.056 | 0.055 3.2 0.0016
Mg?* [ug/m3] | 0.003 NA 0.003 NA | 0.003 | 0.003 0.9 0.0020
Na* [ug/m?] | 0.002 NA 0.002 | 0.003 | 0.006 | 0.005 0.5 0.0015
K* [ug/m®] | 0.006 NA 0.006 | 0.003 | 0.004 | 0.004 1.8 0.0014
Lev [ng/m?] | 0.268 NA 0.268 | 0.809 | 0.800 | 0.804 0.3 0.268
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Table 19: PM 1 to PM 10 ratios of summer and winteaverages show that PM 1 is a subfraction of PM 10nd hence
shows PM 1/PM 10 ratios below one.

PM 1/PM 10 ratio summer winter PM 1/PM 10 ratio summer winter
BC [ug/m’] 0.6 0.6 NH4" [pg/m3] 1.0 1.7
OC [ng/m’] 0.5 0.7 Mg?* [ug/m?] 0.2 1.6
EC [ng/m?] 0.7 0.5 Na* [ug/m’] 0.1 0.6
TC [ng/m’] 0.5 0.7 K* [ug/m?] 0.3 0.7

S04 [ug/m?3] 0.7 1.0 Lev [ng/m?3] 0.2 0.5
NOs [ug/m?] 0.2 0.4
Cl" [ug/m3] NA 1.1

The contribution of PM 1 to PM 10 was calculateddommer and winter averages (see Table 19). As
expected, PM 1 concentrations are generally lolan PM 10 concentrations, as PM 1 is a subset of
PM 10. Interpreting this comparison, we want tohhght, that a number of samples of PM 1 are
missing, compared to PM 10, and thus data setslighdly different. The excess concentrations of Cl
and Mg* in PM 1 in winter, point to the very low concenioa range and different LODs as well as
measurement uncertainties. This argument howevetiapplicable to Nk, where concentrations are
twice as much h in PM 1 compared to PM 10 duringtevi As explained before (chapter 4.2.3), this is
most likely due to problems of the blank valuesdeined for PM 10. The difference of blank filters
between PM 10 and PM 1 would yield in approxima@@12 pg/ms3 higher PM 10 concentrations. If
this amount of blank value is added to the PM 10e& the ratios of PM 1 to PM 10 decline to 0.9 fo
summer and 1.3 for winter, which seems more reddenblevertheless, Niiseems to be enriched in
the PM 1 fraction.

PM 10 values were compared to averages from 1993-@&cussed by Kasper-Giebl et al (1998). The
concentrations are given in Table 20. Concentratfoom 2016-2018 were smaller in summer periods
and for S@ also in winter. Only N@ concentration in winter 2016-2018 is higher corspao 1991-
1993. Generally, concentrations in a similar rategéne 1990ies could be found.

Table 20: PM 10 SQ? and NOz concentrations from 2016-2018 compared with measements from 1991-1993.

Summer 2016-2018 | Summer 1992-1993 | Winter 2016-2018 | Winter 1991-1993
S04 [pug/m3] | 0.593 2.289 0.128 0.293
NOs [ug/m3] | 0.089 0.385 0.060 0.036
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5. Summary and Outlook

For the measurement period 2016-2018 a very goolaton of IC and XRF measurements of Ca

could be found. Regarding Mg and K the correlati@s reasonably good as well, but concentrations
determined with XRF were higher, indicating that alb of the compounds are soluble and measured
by ion chromatography. . In addition, it could bewn, that an estimate for Fe, which is a possible
marker for SDEs, can be accomplished due to adaeptarrelation of IC measurements ofCMg?*

and K with XRF measurements of Fe. Concerning carbonsarements, a reasonable correlation of

Aethalometer, Transmissometer and Sunset measuremene observed as well (regarding the

correlation coefficient R), but severe concentratdifferences in absolute values need further
investigation.

Time trends were displayed for nearly two yearsfdune 2016 to May 2018 for all compounds. Some
analytes (S, S&, NOs, NHs", TC, BC, EBC, TSP) follow the annual trend obsdragthis height since
the 1990ies [20], where lower concentrations obsels during winter compared to summer were
observed at SBO. Other analytes (LevoglucosanCBeMg, K, Al, P, EC) seem to follow specific
events rather than annual cycles. Some of theggseeeuld be traced back to SDEs or construction
work at the sampling station.

Gernerally PM 1 concentrations are below PM 10 eatration, what could be expected as PM 1 is a
fraction of PM 10. Still the PM 1/PM 10 ratios apdgte different for the single compounds and regmés
the preferred occurrence of the respective compoimthe fine or the coarse aerosol fraction. Cases
when PM 1 concentrations exceed PM 10 concentiatian be traced back to rather low concentrations
(NOz, Cland M¢*) as well as measurement and calculation unceietai(itiH*).

PM 10 values were compared to averages from 1993-t®cussed by Kasper-Giebl et al (1998).
Concentrations of S® and NQ from 2016-2018 were smaller in summer periodsfan®Q? also
in winter. Only N@ concentration in winter 2016-2018 is higher corepaio 1991-1993.

Further analyses of acquired data may allow a ddapight in composition of SD laden air masses or
estimates of source regions of SD by comparingsaif Mg, Ca and Al [40].
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Appendix
A. Correlation of PM 1 mass to TSP mass and main components of PM 10

SBO 2016-2018 PM1 PM10-SO4 SBO 2016-2018 PM1 PM10-TC
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Figure 53: Correlation between massconcentrations o Figure 54: Correlation between mass concentrations
PM 1 [ug/m3] and SO? concentrations of PM 10 [ug/m3. PM 1 [ug/m?3] and TC concentrations of PM 10 [ug/m?3].

SBO 2016-2018 TSP - PM1mass -, qjation of S@ concentrations of PM 10 and
9 mass concentrations of PM 1 is shown in Figure
f(x) = 0.78668 x + 157792 53. Correlation of TC concentrations of PM 10 and
N R =0.24416 mass concentrations of PM 1 is shown in Figure
107 54. Correlation of mass concentrations of TSP and
PM 1 is shown in Figure 55. In all three cases a
rather poor correlation could be observed.

—
[y
1

n
1

TSP [ug/m?]

0.0 25 50 75
PM1 mass [ug/m3]

Figure 55: Correlation between mass concentrations
PM 1 [ug/m3] and TSP mass [ug/m3].

B. Excluded values due to Digitel sampling malfunction.
One sample (week of 9.3.2017) had been excluded dedculation due to malfunction and error of the
sampling system (Digitel) causing an unrealistitiggseen in Figure 57 and Figure 56).
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Figure 56. linear regression between EC (Suns Figure 57 linear regression between EC (Suns
Laboratory) as summary of Peak 3 and Peak 4nd BC Laboratory) Peak 4 and BC (Aethalometer).
(Aethalometer).
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Appendix

C. Data of PM 10 and PM 1 measurements
If no values are available, the field is filled Wi#NV (no value).

XRF

M0 [ug/m?] | Ca[ug/m?]| Mg [ug/m®] | Al [ug/m?] | K[ug/m?] | S [ug/m? | P [ug/im
02.06.2016| 0.0129 0.0197 0.0099 0.0332 0.014y 0.1780 0.0046
09.06.2016, 0.0073 0.0033 0.0039 0.0152 0.0095 0.0518 0.0025
16.06.2016| 0.0107 0.0139 0.0085 0.0242 0.0097 0.0934 0.0036
23.06.2016| 0.0723 0.1042 0.0512 0.2600 0.0719 0.3936 0.0084
30.06.2016, 0.0219 0.0342 0.0167 0.0608 0.0295 0.1937 0.0064
07.07.2016, 0.0329 0.0595 0.0264 0.1075 0.0272 0.2774 0.0053
14.07.2016| 0.0188 0.0414 0.0123 0.0463 0.0168 0.1184 0.0031
21.07.2016| 0.2341 0.2295 0.1469 0.9961 0.1938 0.3584 0.0105
28.07.2016| 0.0276 0.0377 0.0187 0.0833 0.0436 0.1982 0.0060
05.08.2016) 0.0112 0.0140 0.0080 0.0318 0.0066 0.0746 0.0018
11.08.2016] 0.0739 0.0750 0.0450 0.3032 0.0614 0.1944 0.0064
18.08.2016| 0.0117 0.0190 0.0075 0.0291 0.0174 0.0947 0.0023
25.08.2016, 0.0515 0.0707 0.0350 0.1440 0.0491 0.2301 0.0069
01.09.2016] 0.0354 0.0561 0.0190 0.0784 0.0403 0.3586 0.0051
08.09.2016| 0.2659 0.8828 0.2241 0.9382 0.3187 0.725%4 0.0155
15.09.2016| 0.0101 0.0132 0.0080 0.0298 0.0148 0.1038 0.0009
22.09.2016| 0.0208 0.0285 0.0116 0.0349 0.0239 0.2446 0.0033
29.09.2016| 0.0125 0.0206 0.0094 0.0274 0.0179 0.1147 0.0016
06.10.2016 #NV 0.0042 0.0020 0.0147 #NV 0.0694 #NV
13.10.2016|  #NV #NV #NV #NV #NV #NV #NV
20.10.2016, 0.0806 0.1749 0.0687 0.3474 0.0836 0.0727 0.0036
27.10.2016| 0.0128 0.0157 0.0088 0.0437 0.0135 0.0630 0.0008
03.11.2016, 0.0082 0.0127 0.0075 0.0289 0.0092 0.0442 0.0006
10.11.2016] #NV #NV #NV #NV #NV #NV #NV
17.11.2016 #NV #NV #NV #NV #NV #NV #NV
24.12.2016| #NV #NV #NV #NV #NV #NV #NV
01.12.2016| 0.0098 0.0133 0.0059 0.0219 0.0081 0.0445 #NY
08.12.2016, 0.0228 0.0458 0.0209 0.0837 0.0131 0.0730 0.0013
15.12.2016 #NV 0.0050 0.0030 0.0152 0.0108 0.03711 #NV
23.12.2016| 0.0110 0.0190 0.0118 0.0403 0.0106 0.0550 0.0006
29.12.2016 #NV #NV #NV #NV #NV #NV #NV
05.01.2017 #NV #NV #NV #NV #NV #NV #NV
12.01.2017 #NV 0.0038 0.0042 0.0080 0.0073 0.073f #NV
19.01.2017| 0.0202 0.0184 0.0112 0.0826 0.0162 0.0497 0.0006
26.01.2017, 0.0070 0.0071 0.0044 0.0237 0.0074 0.0451 #NV
02.02.2017| 0.0415 0.0987 0.0392 0.1771 0.0418 0.0543 0.0019
16.02.2017| 0.0182 0.0281 0.0100 0.0580 0.0109 0.0365 0.0005
23.02.2017| 0.0099 0.0114 0.0039 0.0221 0.0100 0.0124 #NV
02.03.2017 #NV 0.0044 0.0020 0.0119 0.0049 0.005f7 #NV
09.03.2017 #NV #NV #NV #NV #NV #NV #NV
10.03.2017| 0.0252 0.0134 0.0085 0.0668 0.0151 0.01%8 0.0008
16.03.2017| 0.0281 0.0116 0.0128 0.0889 0.0187 0.0212 0.0010
23.03.2017| 0.0762 0.0350 0.0476 0.2647 0.0555 0.0380 0.0037
30.03.2017| 0.0533 0.0381 0.0257 0.1448 0.0347 0.0594 0.0021
06.04.2017, 0.0293 0.0273 0.0142 0.0897 0.0282 0.0332 0.0020
13.04.2017 #NV #NV #NV #NV #NV #NV #NV
20.04.2017, 0.0189 0.0265 0.0119 0.0619 0.0194 0.0268 0.0008
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Appendix

XRF

M0 e fug/mil| Cafugimd] Mg fug/md] Al fug/md K [ug/ind S fugimd]| P fug/n]
27.04.2017| 0.0110 0.0060 0.0049 0.0262 0.0129 0.0181 0.0005
04.05.2017| 0.0118 0.0178 0.0095 0.0269 0.0145 0.0604 0.0013
12.05.2017| 0.0200 0.0438 0.0217 0.0624 0.0300 0.0718 0.0032
18.05.2017 0.0306 0.0501 0.0185 0.0655 0.0346 0.2080 0.0040
25.05.2017/ 0.0793 0.1398 0.0594 0.2043 0.0716 0.2644 0.0064
01.06.2017| 0.0117 0.0199 0.0096 0.0391 0.01338 0.0881 0.0013
08.06.2017, 0.0549 0.1213 0.0591 0.1768 0.0687 0.2735 0.0090
15.06.2017| 0.0675 0.1989 0.0751 0.2082 0.0692 0.3216 0.0078
22.06.2017| 0.1266 0.2050 0.0846 0.4806 0.1311 0.4227 0.0097
29.06.2017 0.0325 0.0345 0.0195 0.1107 0.0269 0.0732 0.0051
06.07.2017| 0.1437 0.2598 0.1034 0.5508 0.1205 0.2870 0.0107
14.07.2017 0.3892 0.6158 0.1303 2.2655 0.8403 0.1338 0.0327
27.07.2017 #NV #NV #NV #NV #NV #NV #NV
21.09.2017| 0.0211 0.0195 0.0068 0.0628 0.0287 0.0817 0.0012
28.09.2017| 0.0557 0.0518 0.0358 0.2197 0.0479 0.1210 0.0026
05.10.2017 0.0164 0.0273 0.0112 0.0683 0.0108 0.0434 0.0013
12.10.2017| 0.0193 0.0320 0.0083 0.0519 0.0140 0.0312 0.0018
19.10.2017 0.0450 0.0754 0.0290 0.1639 0.0384 0.0861 0.0021
26.10.2017 0.0139 0.0262 0.0078 0.0428 #NV 0.0354 0.0011
02.11.2017| 0.0145 0.0134 0.0060 0.0489 0.0149 0.0203 0.0005
11.11.2017 #NV 0.0047 #NV 0.0111 #NV 0.0073 #NV
16.11.2017 #NV #NV #NV #NV #NV #NV #NV
23.11.2017 0.0286 0.0362 0.0186 0.1184 0.0215 0.0410 0.0013
30.11.2017 0.0079 0.0102 0.0032 0.0243 0.0085 0.0123 #NV
07.12.2017| 0.0081 0.0130 0.0042 0.0166 0.0080 0.0158 0.0007
14.12.2017 #NV #NV #NV #NV #NV 0.0038 #NV
21.12.2017 #NV 0.0037 #NV 0.0100 0.0046 0.0045 #NV
28.12.2017| 0.0180 0.0098 0.0045 0.0305 0.0120 0.0060 0.0007
04.01.2018, 0.0188 0.0222 0.0141 0.0818 0.0149 0.0165 0.0005
11.01.2018| 0.0196 0.0027 0.0069 0.0450 0.0093 0.0022 #NV
18.01.2018 #NV 0.0050 0.0021 0.0135 #NV 0.0062 #NV
25.01.2018 0.0114 0.0278 0.0095 0.0429 0.0219 0.0441 0.0007
01.02.2018/, 0.0101 0.0113 0.0064 0.0366 0.0102 0.0324 0.0006
08.02.2018| 0.0100 0.0139 0.0066 0.0376 0.0121 0.0426 0.0005
15.02.2018, 0.0066 0.0088 0.0035 0.0124 0.0161 0.0518 #NV
22.02.2018 0.0142 0.0156 0.0080 0.0297 0.0368 0.3384 0.0006
01.03.2018/ 0.0079 0.0085 0.0054 0.0176 0.0160 0.0351 #NV
08.03.2018| 0.0087 0.0115 0.0071 0.0120 0.0141 0.0366 0.0006
15.03.2018 #NV 0.0065 0.0033 0.0079 0.0174 0.1278 0.0005
22.03.2018| 0.0217 0.0398 0.0181 0.0527 0.0318 0.1342 0.0006
29.03.2018 #NV #NV #NV #NV #NV #NV #NV
06.04.2018| 0.0674 0.1178 0.0609 0.2952 0.0687 0.1637 0.0035
12.04.2018| 0.0993 0.1897 0.0892 0.3974 0.0765 0.1683 0.0042
19.04.2018| 0.5876 1.0236 0.1599 2.7405 1.4330 0.3196 0.0390
26.04.2018 0.1881 0.3643 0.1597 0.7046 0.1883 0.4023 0.0094
03.05.2018| 0.2968 0.9232 0.2482 1.0801 0.2951 0.4004 0.0155
10.05.2018 0.0556 0.1957 0.0369 0.4958 0.1557 0.1242 0.0071
17.05.2018 0.0292 0.0483 0.0278 0.1088 0.0356 0.18%7 0.0034
24.05.2018| 0.1612 0.3051 0.1307 0.6350 0.1377 0.3423 0.0103
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online
0oT21 Sunset chromatography
PM 10 SHARP AE33

TSP EBC BC ocC EC TC Levoglucosan

[ug/m3 | [ug/m3] (ng/m?] [ng/m?3] [ng/m3] | [ng/m?3] [ng/m?]
02.06.2016| 3.3963 126.2 0.0393 509.6 99.4 609.0 0.950
09.06.2016, 1.7761 74.7 0.0156 251.2 49.7 300.9 0.679
16.06.2016| 2.7661 #NV 0.0352 448.4 77.4 525.9 1.793
23.06.2016| 6.8048 293.5 0.0779 1141.6 164.2 1305, 1.462
30.06.2016| 4.0751 213.6 0.0587 765.2 106.4 871.5 1.523
07.07.2016, 5.4086 287.0 0.0752 1030.0 132.8 1162, 1.624
14.07.2016| 3.6515 166.8 0.0451 551.8 91.2 643.0 0.891
21.07.2016| 10.3103 380.2 0.0794 766.8 126.1 892.9 0.809
28.07.2016| 4.2004 #NV 0.0537 972.1 96.1 1068.2 2.160
05.08.2016, 2.5908 81.7 #NV 300.5 #NV 353.3 0.618
11.08.2016| 4.8209 257.6 0.0687 796.6 114.3 910.9 2.477
18.08.2016| 2.2426 111.1 0.0260 465.9 63.7 529.5 1.667
25.08.2016| 5.2877 266.4 0.0715 1297.5 157.2 1454.7 1.517
01.09.2016, 5.1331 303.5 0.0810 971.0 107.7 1078, 2.420
08.09.2016, 15.5913 649.2 0.1849 1765.1 237.5 2002.6 11.428
15.09.2016| 2.2122 95.3 0.0372 226.5 51.2 277.8 2.391
22.09.2016| 3.4942 226.2 0.0727 601.3 98.3 699.6 3.390
29.09.2016| 3.1288 235.5 0.0675 476.8 85.8 562.7 3.445
06.10.2016| 1.8929 84.8 0.0297 137.2 #NV 182.8 2.221
13.10.2016| #NV #NV #NV #NV #NV #NV #NV
20.10.2016| 6.2581 145.5 0.0343 209.0 #NV 236.3 3.139
27.10.2016| 1.9050 49.9 0.0197 101.9 #NV 132.9 1.729
03.11.2016, 1.7409 57.8 0.0183 88.3 #NV 110.6 2.962
10.11.2016| 0.0732 57.1 #NV #NV #NV #NV #NV
17.11.2016| #NV #NV #NV #NV #NV #NV #NV
24.12.2016| #NV #NV #NV #NV #NV #NV #NV
01.12.2016, 0.0553 26.5 0.0173 67.4 #NV 78.4 0.821
08.12.2016, 0.1496 17.9 0.0160 164.0 #NV 202.5 2.210
15.12.2016| 0.3712 23.6 #NV #NV #NV #NV 2.298
23.12.2016| 1.1230 29.4 0.0225 55.2 #NV 68.7 1.492
29.12.2016| 0.8173 53.5 #NV 74.5 #NV 102.6 2.446
05.01.2017, 0.2358 47.6 #NV 269.1 67.5 336.6 2.249
12.01.2017| 0.8670 94.9 0.0245 58.8 #NV 79.5 4.859
19.01.2017| 0.7825 33.8 #NV #NV #NV #NV 0.209
26.01.2017| 1.3494 43.3 #NV #NV #NV #NV 0.740
02.02.2017, 3.0881 51.4 0.0174 85.4 #NV 104.7 1.019
16.02.2017| 2.0470 54.6 0.0182 114.0 #NV 140.0 #NV
23.02.2017| 2.6312 165.4 0.0337 200.4 #NV 243.5 #NV
02.03.2017, 1.7306 70.6 #NV 54.4 #NV 80.9 #NV
09.03.2017, 1.4975 27.3 #NV #NV #NV #NV #NV
10.03.2017| 2.2389 127.0 0.0490 357.0 #NV 396.7 #NV
16.03.2017| 3.2370 248.3 0.0439 290.1 #NV 329.7 #NV
23.03.2017| 4.2377 234.4 0.0856 467.8 60.9 528.7 #NV
30.03.2017, 6.7895 483.7 0.1294 860.8 143.5 1004, #NV
06.04.2017, 2.3257 163.6 0.0512 331.3 57.0 388.4 #NV
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online
oT21 Sunset chromatography
PM 10 SHARP AE33
TSP EBC BC ocC EC TC Levoglucosan

[mg/m3 | [ug/md [ng/m?] [ng/m?| [ng/m3] [ng/m3] [ng/m?|
13.04.2017| 1.8277 141.6 #NV #NV #NV #NV #NV
20.04.2017| 2.0785 150.0 0.0461 262.8 63.5 326.2 #NV
27.04.2017| 1.2985 107.3 0.0306 217.0 64.5 281.5 #NV
04.05.2017, 1.1303 120.2 0.0367 278.0 64.0 341.9 2.044
12.05.2017| 1.3544 112.4 0.0298 398.1 73.8 471.9 1.287
18.05.2017| 3.9728 235.3 0.0556 720.6 126.8 847.5 1.825
25.05.2017| 5.5307 240.3 0.1034 1269.6 176.5 1446.2 1.725
01.06.2017, 2.6191 141.6 0.0425 360.1 95.6 455.7 0.530
08.06.2017, 5.0522 257.3 0.0789 1497.8 150.0 1647.8 2.562
15.06.2017| 7.0254 323.4 0.0891 1793.6 167.3 1960.9 3.178
22.06.2017| 8.5986 426.9 0.1013 1472.0 185.5 1657.6 2.705
29.06.2017| 2.0264 122.3 0.0258 546.0 94.6 640.6 1.325
06.07.2017, 7.4005 224.4 0.0672 1075.4 118.7 1194.1 0.133
14.07.2017| 3.3860 195.3 0.1536 1210.0 147.3 13573 1.799
27.07.2017, #NV #NV #NV #NV #NV #NV #NV
21.09.2017| 3.7464 284.5 0.0512 844.8 128.6 973.4 0.712
28.09.2017| 2.5689 128.7 0.0295 390.9 57.1 448.0 0.330
05.10.2017| 0.3885 53.4 #NV 173.7 #NV 202.4 1.209
12.10.2017| 0.5927 88.7 0.0221 452.0 58.0 510.0 0.195
19.10.2017| 2.6642 179.6 0.0369 443.6 60.2 503.8 #NV
26.10.2017| 0.3432 38.2 #NV 70.2 #NV 78.6 0.348
02.11.2017| 1.4679 82.4 #NV 151.6 #NV 174.4 #NV
11.11.2017| 0.8488 23.3 #NV #NV #NV #NV #NV
16.11.2017| 1.1159 22.5 #NV #NV #NV #NV 0.518
23.11.2017| 2.1761 77.3 0.0158 148.8 #NV 161.6 0.565
30.11.2017, 1.0652 30.9 #NV 327.4 76.9 404.3 0.860
07.12.2017, 2.1340 63.1 #NV 103.2 48.4 151.6 1.380
14.12.2017| 1.9880 51.7 #NV #NV #NV #NV 1.077
21.12.2017| 1.3033 25.9 #NV #NV #NV #NV #NV
28.12.2017| 2.1005 22.2 #NV 227.8 60.6 288.4 #NV
04.01.2018, 3.3661 65.0 #NV #NV #NV #NV 0.229
11.01.2018| #NV #NV #NV 111.1 54.6 165.7 1.387
18.01.2018| #NV #NV #NV 80.2 #NV 102.7 1.849
25.01.2018 #NV #NV 0.0296 131.9 #NV 171.0 2.184
01.02.2018, #NV #NV 0.0178 689.7 163.4 853.1 0.975
08.02.2018, #NV #NV 0.0298 #NV #NV #NV 5.297
15.02.2018| #NV #NV 0.0339 195.3 59.9 255.2 7.193
22.02.2018 #NV #NV 0.0845 692.9 95.9 788.9 15.536
01.03.2018  #NV #NV 0.0142 84.7 112.4 197.1 5.118
08.03.2018| #NV #NV 0.0185 74.5 925 167.0 4.562
15.03.2018| #NV #NV 0.0428 157.7 148.4 306.1 10.234
22.03.2018| #NV #NV 0.0287 231.3 216.0 447.2 8.866
29.03.2018| #NV #NV #NV NA NA NA 2.450
06.04.2018| #NV #NV 0.3553 1044.0 174.1 1218.1 2.857
12.04.2018| #NV #NV 0.0393 135.7 176.9 312.6 2.515
19.04.2018 NA NA #NV 966.7 1149.6 2116.4 5.677
26.04.2018 NA NA 0.1046 337.5 413.1 750.6 2.858
03.05.2018 NA NA 0.1857 576.8 655.7 12325 1.872
10.05.2018 NA NA 0.0415 155.3 219.9 375.2 2.176
17.05.2018 NA NA 0.0407 346.4 3134 659.8 2.341
24.05.2018 NA NA 0.1749 572.8 472.9 1045.8 2.842
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Cation chromatography

Anion chromatography

PM 10 Ca NH4* Mg?* Na* K* SO NOz NO> cr
[ng/m?] [ng/m?] mg/m3 | [pg/m3 | [pug/m? | [ug/m? [ng/m?] [ng/m3] [ng/m?]
02.06.2016| 0.0150 0.1826 0.0060 0.0008 0.0103 0.5616 #NV @007  #NV
09.06.2016/ #NV 0.0448 0.0021 #NV #NV 0.1648 #NV 0.0005 #NV
16.06.2016/ 0.0083 0.1200 0.0040 #NV 0.0103 0.2920 #NV 0.0068 NV#
23.06.2016/ 0.0853 0.3195 0.0157 0.0114 | 0.0219 0.9284 #NV 0.0091 #NV
30.06.2016| 0.0281 0.2197 0.0071 0.0119 0.0159 0.6538 #NV @001  #NV
07.07.2016/ 0.0504 0.2643 0.0100 0.0133 | 0.0172 0.7494 #NV 0.0007 #NV
14.07.2016/ 0.0292 0.1375 0.0049 0.0042 0.0084 0.3417 #NV #NV NV#
21.07.2016/ 0.2263 0.1597 0.0300 0.0329 | 0.0363 0.8469 0.0641 #NV #NV
28.07.2016| 0.0364 0.1789 0.0073 0.0109 0.0226 0.5409 #NV #NV NV#
05.08.2016/ 0.0055 0.0596 0.0027 0.0028 | 0.0037 0.2069 #NV #NV #NV
11.08.2016/ 0.0577 0.1795 0.0107 0.0192 0.0276 0.5029 #NV @000  #NV
18.08.2016/ 0.0109 0.0844 0.0033 0.0064 | 0.0093 0.2758 #NV #NV #NV
25.08.2016| 0.0583 0.1910 0.0112 0.0105 0.0174 0.5619 #NV ®001 #NV
01.09.2016/ 0.0418 0.3778 0.0076 0.0160 | 0.0325 1.1044 #NV 0.0012 #NV
08.09.2016| 0.8673 0.3700 0.0552 0.0423 0.0984 2.0245 0.429 0000. #NV
15.09.2016/ 0.0112 0.1068 0.0029 0.0069 | 0.0080 0.2988 #NV 0.0046 #NV
22.09.2016| 0.0196 0.2457 0.0042 0.0016 0.0147 0.7054 0.055 0008. #NV
29.09.2016/ 0.0126 0.2032 0.0040 0.0019 | 0.0107 0.4756 0.1734 0.0006 #NV
06.10.2016| #NV 0.0687 0.0008 #NV 0.0057 0.1883 #NV 0.0022 #N\V
13.10.2016/ #NV #NV #NV #NV #NV #NV #NV #NV #NV
20.10.2016| 0.1522 0.0245 0.0088 0.0029 0.0081 0.1934 0.124 0049. #NV
27.10.2016/ 0.0097 0.0480 0.0018 0.0007 #NV 0.1776 #NV 0.0023 #NV
03.11.2016/ 0.0076 0.0251 0.0019 0.0022 #NV 0.1276 #NV 0.0042 NV#
10.11.2016/ #NV #NV #NV #NV #NV #NV #NV #NV #NV
17.11.2016/ #NV #NV #NV #NV #NV #NV #NV #NV #NV
24.12.2016/ #NV #NV #NV #NV #NV #NV #NV #NV #NV
01.12.2016/ 0.0058 0.0310 0.0017 #NV 0.0020 0.1223 #NV #NV #N\V
08.12.2016/ 0.0329 0.0398 0.0042 0.0015 | 0.0050 0.1888 #NV #NV #NV
15.12.2016/ #NV 0.0242 0.0010 #NV 0.0029 0.0992 #NV #NV #NV
23.12.2016/ 0.0143 0.0333 0.0030 0.0066 | 0.0027 0.1452 #NV 0.0004 #NV
29.12.2016/ #NV #NV #NV #NV #NV #NV #NV #NV #NV
05.01.2017| #NV #NV #NV #NV #NV #NV #NV #NV #NV
12.01.2017| #NV 0.0464 0.0016 0.0061 0.0052 0.1947 #NV 0.0018 NV#
19.01.2017| 0.0115 0.0339 0.0020 0.0014 | 0.0030 0.1422 #NV 0.0012 #NV
26.01.2017| 0.0028 0.0259 0.0011 0.0009 0.0027 0.1379 #NV #NV  NV#
02.02.2017| 0.0891 0.0514 0.0067 0.0050 | 0.0062 0.1514 0.0641 0.0059 #NV
16.02.2017| 0.0271 0.0314 0.0047 0.0047 0.0073 0.1931 #NV #NV  NV#
23.02.2017| 0.0142 0.1412 0.0050 0.0054 | 0.0134 0.1830 0.2872 #NV #NV
02.03.2017| 0.0054 0.0151 0.0024 0.0048 0.0038 0.0827 #NV @001 #NV
09.03.2017| #NV #NV #NV #NV #NV #NV #NV #NV #NV
10.03.2017| 0.0301 0.1729 0.0082 0.0134 0.0159 0.1727 0.178 V #N|  #NV
16.03.2017| 0.0235 0.2027 0.0103 0.0215 | 0.0231 0.3525 0.3489 0.0008 0.0146
23.03.2017| 0.1108 0.2429 0.0246 0.0379 0.0339 1.3217 0.503 V #N| 0.0094
30.03.2017| 0.0990 #NV 0.0197 0.0222 | 0.0586 1.4056 1.8794 0.0005 0.0053
06.04.2017| 0.0679 0.2419 0.0128 0.0265 0.0221 0.2932 0.289 0288. 0.0224
13.04.2017| #NV #NV #NV #NV #NV #NV #NV #NV #NV
20.04.2017| 0.0371 0.2733 0.0096 0.0140 0.0293 0.4176 0.286 V #N| 0.0061
27.04.2017| 0.0152 0.2201 0.0039 0.0058 | 0.0108 0.3937 0.3049 #NV #NV
04.05.2017| 0.0133 0.1020 0.0046 #NV 0.0056 0.225¢ #NV #NV #NV
12.05.2017| 0.0312 0.0939 0.0064 0.0031 | 0.0082 0.2532 0.0537 #NV #NV
18.05.2017| 0.0364 0.3308 0.0070 0.0064 0.0158 0.9421 0.096 V #N | #NV
25.05.2017| 0.1097 0.2795 0.0184 0.0185 | 0.0221 0.8255 0.0832 0.0020 #NV
01.06.2017| 0.0118 0.1808 0.0032 0.0034 0.0064 0.4667 #NV ®002 #NV
08.06.2017| 0.1165 0.2655 0.0220 0.0564 | 0.0252 0.8335 #NV #NV #NV
15.06.2017| 0.1938 0.3237 0.0344 0.0548 0.0280 0.8426 0.119 0010. #NV
22.06.2017| 0.1828 0.2948 0.0291 0.0421 | 0.0464 1.0452 0.0879 0.0042 #NV
29.06.2017| 0.0271 0.1057 0.0056 0.0043 0.0103 1.286V7 0.100 0048. #NV
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Appendix

Cation chromatography Anion chromatography
PM 10 Ca NH4* Mg?* Na* K* SO NOs NO2 Cl

[ng/m?3] [ng/m?] [mg/m3 | [pg/m3 | [ug/m? | [pg/m? [ng/m?3] [ng/m?3] [ng/m?]
06.07.2017| 0.2459 0.1366 0.0302 0.0526 0.0313 0.2653 #NV 0.0036 #NV
14.07.2017| 0.5326 0.1606 0.0419 0.0272 0.110 0.4941 0.0716  000a@. #NV
27.07.2017, #NV #NV #NV #NV #NV #NV #NV #NV #NV
21.09.2017| 0.0245 0.3357 0.0030 0.0075 0.023 0.7598 #NV #NV] NV #
28.09.2017| #NV 0.1276 0.0074 0.0111 0.0133 0.3489 #NV #NV #NV
05.10.2017| 0.0220 0.0433 0.0030 0.0055 0.003 0.1684 #NV #NV] NV #
12.10.2017| 0.0325 0.0591 0.0049 0.0041 0.0070 0.1823 #NV #NV #NV
19.10.2017| 0.0769 0.0663 0.0098 0.0141 0.021 0.3220 #NV #NV] NV #
26.10.2017| 0.0269 0.0173 0.0050 0.0215 0.0117 0.1537 #NV #NV #NV
02.11.2017| 0.0164 0.0518 0.0024 0.0137 0.013 0.2053 #NV #NV] NV #
11.11.2017] #NV #NV 0.0004 #NV #NV 0.0466 #NV #NV #NV
16.11.2017 #NV #NV #NV #NV #NV #NV #NV #NV #NV
23.11.2017, 0.0399 0.0199 0.0038 0.0160 0.0089 0.1353 0.0820 0.0006 #NV
30.11.2017| #NV 0.0196 0.0026 0.0123 0.011 0.0690Q #NV 0.0004 NV#
07.12.2017| 0.0067 #NV 0.0017 0.0099 0.0030 0.0512 #NV #NV #NV
14.12.2017| #NV 0.0163 0.0004 0.0040 0.002 0.0651 #NV 0.0009 NV#
21.12.2017| 0.0039 #NV 0.0006 0.0033 0.0052 0.0421 #NV #NV #NV
28.12.2017| 0.0169 #NV 0.0021 0.0130 0.008: 0.0446 #NV 0.0028 .014¢4
04.01.2018, 0.0375 #NV 0.0039 0.0161 0.0038 0.0828 0.0516 0.0011 0.0053
11.01.2018| 0.0052 #NV 0.0012 0.0059 0.004 0.4262 #NV #NV #NV
18.01.2018| 0.0144 #NV 0.0018 0.0115 0.0056 0.0726 #NV #NV #NV
25.01.2018| 0.0247 0.0438 0.0024 0.0085 0.006 0.1665 0.0473  0008. #NV
01.02.2018, 0.0090 #NV 0.0012 0.0026 0.0010 0.0400 0.0564 0.0007 #NV
08.02.2018| 0.0126 0.1054 0.0022 0.0121 0.009 0.2074 0.1098 V #N|  #NV
15.02.2018| 0.0072 0.1278 0.0011 0.0053 0.0130 0.3150 #NV #NV #NV
22.02.2018| 0.0117 0.3661 0.0020 0.0150 0.034 1.2025 #NV @000 #NV
01.03.2018 0.0062 0.0465 0.0011 0.0063 0.0103 0.1112 #NV 0.0005 #NV
08.03.2018| 0.0103 0.1148 0.0021 0.0086 0.006 0.1222 0.1926 V #N|  #NV
15.03.2018| 0.0042 0.2973 0.0011 0.0093 0.0118 0.4821 0.4048 #NV #NV
22.03.2018| 0.0259 0.4972 0.0032 0.0056 0.015 0.4447 1.3558 V #N|  #NV
29.03.2018] #NV #NV #NV #NV #NV #NV #NV #NV #NV
06.04.2018| 0.1161 0.0919 0.0104 0.0131 0.011 0.3750 0.1340 0018. #NV
12.04.2018 0.1819 0.1916 0.0159 0.0203 0.0146 0.6086 0.2443 #NV #NV
19.04.2018| 0.9380 0.4026 0.0739 0.0811 0.135 1.5298 1.1844 0000. 0.0075
26.04.2018, 0.3722 0.3967 0.0381 0.0890 0.0389 1.6821 0.4981 #NV 0.0049
03.05.2018| 0.9713 0.3756 0.0652 0.0539 0.044 1.6481 0.6171 0004a. 0.0130
10.05.2018| 0.1636 0.1338 0.0162 0.0137 0.0226 0.4600 0.0864 #NV #NV
17.05.2018| 0.0387 0.2434 0.0071 0.0210 0.011 0.6843 #NV| @.000 #NV
24.05.2018, 0.3248 0.2655 0.0273 0.0274 0.0266 1.2624 0.1331 0.0007 #NV
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Appendix

0T21 Sunset chromatography
PM 1 BC ocC EC TC | Inositol | Levoglucosan| Arabitol | Glucose 5
[ug/md] | ng/m?] | [ng/md] | [ng/m?] | [ng/me]  [ng/m3] | [ngimd] | [ng/me] | Sucrose ng/m’l
02.06.2016| 0.0269 280.2 65.1 345.3 #NV #NV 0.14 #NV #NV
09.06.2016| 0.0175 | 139.2 46.4 185.7 #NV #NV #NV #NV #NV
16.06.2016| 0.0202 215.1 52.7 267.9 #NV #NV 0.08 #NV 0.66
23.06.2016| 0.0525 | 552.0 | 129.6 | 681.7 | #NV #NV 0.24 0.70 #NV
30.06.2016| 0.0385| 371.9 88.3 460.2 #NV #NV 0.16 #NV 0.79
07.07.2016, 0.0554 | 578.5 119.8 698.3 #NV #NV 0.33 #NV 1.01
14.07.2016| 0.0361 370.7 89.8 460.4 #NV #NV 0.15 #NV #NV
21.07.2016, 0.0552 | 426.5 120.0 546.4 #NV #NV 0.36 0.63 1.99
28.07.2016, 0.0549 609.3 95.5 704.8 #NV 0.19 0.16 #N #NV
05.08.2016, 0.0220 | 158.9 66.8 225.7 #NV #NV 0.15 #NV #NV
11.08.2016| 0.0451 480.1 76.0 556.2 #NV 0.35 0.31 #N #NV
18.08.2016| 0.0242 | 210.3 50.8 261.1 #NV #NV 0.11 #NV #NV
25.08.2016| 0.0553 686.2 105.2 7914 #NV| #NV 0.31 #NV #NV
01.09.2016| 0.0598 | 458.0 75.9 533.9 | #NV 0.23 0.19 #NV #NV
08.09.2016| 0.1106 989.8 145.0 1134.8 #NV 2.01 0.5% #N #NV
15.09.2016| 0.0219 | 136.0 40.3 176.4 #NV #NV 0.04 #NV #NV
22.09.2016| 0.0433 | 311.7 69.8 381.5 #NV 0.74 0.2 #N #NV
29.09.2016| 0.0486 | 272.9 67.0 339.9 | #NV 0.31 0.16 #NV #NV
06.10.2016| 0.0180 85.8 44.6 130.4 #NV 0.88 0.06 #N #NV
13.10.2016| 0.0128 | 82.0 37.6 1195 #NV 0.48 #NV #NV #NV
20.10.2016| 0.0213 130.9 42.8 173.7 #NV 1.48 0.14 #N #NV
27.10.2016, 0.0083 | 60.8 22.1 83.0 #NV 0.33 #NV #NV #NV
03.11.2016| 0.0083 72.5 28.5 100.9 #NV 0.85 #NV #NV #NV
10.11.2016| 0.0150 | 132.9 70.0 202.9 #NV #NV #NV #NV #NV
17.11.2016| 0.0127 65.7 32.1 97.8 #NV 1.02 0.06 #NV #NV
24.12.2016| 0.0097 | 52.8 22.7 75.4 #NV 0.17 #NV #NV #NV
01.12.2016| 0.0066 71.8 19.3 911 #NV #NV 0.03 #NV #NV
08.12.2016| 0.0044 | 43.4 15.2 58.6 #NV #NV 0.03 #NV #NV
15.12.2016| 0.0037 57.5 151 72.6 #NV 0.83 #NV| #NV #NV
23.12.2016| 0.0027 | 34.7 14.8 49.5 #NV #NV #NV 2.03 #NV
29.12.2016| 0.0104 62.8 23.2 85.9 #NV 1.03 0.47 #NV #NV
05.01.2017| 0.0090 | 72.3 23.4 95.7 #NV 0.59 0.09 #NV #NV
12.01.2017| 0.0176 | 105.0 23.0 128.0 #NV 1.16 0.06 #N #NV
19.01.2017| -0.0033| #NV #NV #NV #NV #NV 0.13 #NV #NV
26.01.2017, 0.0157 86.4 30.7 117.2 #NV #NV #NV #NV #NV
02.02.2017| 0.0103 | 51.9 18.8 70.8 #NV 0.12 #NV #NV #NV
16.02.2017| 0.0086 87.1 25.8 112.8 #NV 0.28 #NV #NV #NV
23.02.2017| 0.0252 | 188.4 25.3 213.8 | #NV 0.75 0.05 #NV #NV
02.03.2017, 0.0121 90.8 235 114.3 #NV 0.53 #NV #NV #NV
09.03.2017| #NV #NV #NV #NV #NV 0.29 #NV #NV #NV
10.03.2017| #NV #NV #NV #NV #NV #NV #NV #NV #NV
16.03.2017| 0.0288 | 223.2 59.4 282.6 #NV 1.02 0.10 #NV #NV
23.03.2017, 0.0367 219.9 85.8 305.8 #NV 0.16 #NV #NV #NV
30.03.2017, 0.0562 | 565.5 112.1 677.7 #NV 2.54 0.17 #NV #NV
06.04.2017, 0.0238 202.8 7.7 280.5 #NV #NV #NV #NV #NV
13.04.2017| 0.0179 | 165.5 70.7 236.2 #NV 0.81 0.09 #NV #NV
20.04.2017, 0.0263 1511 72.3 2234 #NV 0.32 0.07 #N #NV
27.04.2017, 0.0196 | 173.8 43.7 217.5 #NV 2.15 0.39 #NV #NV
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Appendix

0T21 Sunset chromatography
PM 1 BC ocC EC TC Inositol | Levoglucosan| Arabitol | Glucose Siase [[ralid
[mg/m?] | [ng/m3] | [ng/m?] | [ng/m?] | [ng/m?] [ng/m?] [ng/m3 | [ng/m?]
04.05.2017, 0.0182 154.6 49.9 204.4 #NV| 0.36 0.18 #N #NV
12.05.2017, 0.0278 | 307.7 48.2 355.9 #NV 0.22 0.04 #NV #NV
18.05.2017| 0.0445 441.0 64.5 505.5 #NV| 0.27 0.17 #N #NV
25.05.2017| 0.0053 | 128.9 15.5 144.4 #NV #NV #NV #NV #NV
01.06.2017| #NV #NV #NV #NV #NV #NV #NV #NV #NV
08.06.2017, #NV #NV #NV #NV #NV #NV #NV #NV #NV
15.06.2017| #NV #NV #NV #NV #NV #NV #NV #NV #NV
22.06.2017| #NV #NV #NV #NV #NV #NV #NV #NV #NV
29.06.2017| #NV #NV #NV #NV #NV #NV #NV #NV #NV
06.07.2017| #NV #NV #NV #NV #NV #NV #NV #NV #NV
14.07.2017| #NV #NV #NV #NV #NV #NV #NV #NV #NV
27.07.2017| #NV #NV #NV #NV #NV #NV #NV #NV #NV
21.09.2017| 0.0822 804.8 80.0 884.8 0.52 2.58 0.2 #N 1.50
28.09.2017| 0.0433 | 297.3 73.3 370.6 #NV 0.79 0.07 #NV #NV
05.10.2017| 0.0214 155.0 45.1 200.1 #NV| #NV #NV #NV #NV
12.10.2017, 0.0395 | 347.8 57.8 405.7 #NV 1.12 0.29 #NV #NV
19.10.2017, 0.0479 306.7 60.0 366.8 #NV 0.70 0.05 #N #NV
26.10.2017| 0.0159 96.4 24.5 120.9 #NV 0.24 #NV #NV #NV
02.11.2017| 0.0365 202.4 55.3 257.7 #NV| 1.43 0.06 #N #NV
11.11.2017| 0.0150 77.1 17.0 94.1 #NV 0.40 #NV #NV #NV
16.11.2017| 0.0100 88.1 18.7 106.8 #NV 0.24 #NV #NV 1.22
23.11.2017| 0.0279 | 130.2 32.1 162.4 #NV 0.97 #NV 8.08 #NV
30.11.2017| 0.0078 123.5 27.1 150.6 #NV| 0.23 #NV #NV 1.07
07.12.2017| 0.0176 | 144.3 26.5 170.8 #NV 1.58 0.11 #NV #NV
14.12.2017, 0.0127 136.1 374 173.5 #NV| 1.17 0.03 #N #NV
21.12.2017| 0.0067 83.6 23.4 107.0 #NV #NV #NV #NV #NV
28.12.2017| 0.0058 71.6 14.1 85.8 #NV 0.43 #NV| #NV #NV
04.01.2018| 0.0162 | 118.2 323 150.5 #NV 0.26 #NV #NV #NV
11.01.2018| 0.0176 89.9 46.0 136.0 #NV 0.51 #NV 0.8( #NV
18.01.2018| 0.0106 79.9 25.8 105.7 #NV 0.67 #NV #NV #NV
25.01.2018| 0.0290 154.1 44.5 198.6 #NV| 1.71 0.07 #N #NV
01.02.2018| 0.0174 | 137.7 39.5 177.2 #NV 0.55 #NV #NV #NV
08.02.2018| 0.0263 179.7 45.1 224.8 #NV| 2.04 0.04 #N #NV
15.02.2018 0.0396 | 255.0 54.8 309.7 #NV 3.14 0.12 #NV #NV
22.02.2018| 0.0713 557.8 68.2 625.9 #NV| 5.79 0.21 #N #NV
01.03.2018| 0.0269 | 225.9 324 258.3 #NV 2.34 0.08 #NV #NV
08.03.2018| 0.0276 190.2 45.6 235.9 #NV 1.96 0.14 #N #NV
15.03.2018 0.0449 | 408.9 56.9 465.8 #NV 2.86 0.13 0.69 #NV
22.03.2018| 0.0643 567.9 83.0 650.9 #NV| 4.72 0.27 #N #NV
29.03.2018| 0.0210 | 188.8 51.7 240.5 #NV 0.44 #NV #NV #NV
06.04.2018| 0.0144 51.3 26.6 77.9 #NV #NV 0.06 #NV #NV
12.04.2018 0.0431 | 274.8 93.6 368.4 #NV 0.53 0.09 #NV 0.91
19.04.2018| 0.0792 502.6 124.1 626.7 #NV 0.62 0.31 1.24 0.99
26.04.2018| 0.0893 | 622.6 135.2 757.7 #NV 0.24 0.21 1.35 1.64
03.05.2018| 0.1114 790.5 213.0 1003.6 #NV 0.78 0.8 0.80 #NV
10.05.2018 0.0323 | 300.0 91.6 391.7 #NV #NV 0.09 #NV #NV
17.05.2018| 0.0611 606.5 99.9 706.4 #NV| 1.06 0.24 #N #NV
24.05.2018| 0.1037 | 662.8 191.8 854.7 #NV 0.55 0.16 1.64 4.89
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Appendix

Cation chromatography

Anion chromatography

PM 1 ca* NHa* Mg?2* Nat K* SO NOz NOz crl

[ug/m3 | [ug/m3] | [ug/m?] | [pg/m3] | [ug/m?] [ng/m3] | [ug/m3 [ug/m3] [ng/m3]
02.06.2016 #NV 2.3723| #NV | 0.0255 0.0580 0.3832 0.10%0 #NV #N
09.06.2016 #NV 1.2028 | #NV #NV 0.0213 0.1672 | 0.0403 #NV #NV
16.06.2016 #NV 15799 | #NV | 0.0288 0.0417 0.2608 0.2985 #NV #N
23.06.2016 #NV 4.0407 | #NV | 0.0316 | 0.1131 0.6974 | 0.2734 #NV #NV
30.06.2016 #NV 2.4991| #NV | 0.0353 0.0776 0.4282 0.1123 #NV #N
07.07.2016 #NV 3.6829 | #NV | 0.0310 | 0.1034 0.5960 | 0.1572 #NV #NV
14.07.2016 #NV 2.8792| #NV | 0.0298 0.0641 0.4807 0.2426 #NV #N
21.07.2016 #NV 3.5245 | 0.0404 | 0.0791 | 0.2105 0.5921 | 0.2895 #NV #NV
28.07.2016 #NV 2.9331| #NV | 0.0306 0.1443 0.4430 0.2083 #NV #N
05.08.2016 #NV 1.9015 | #NV | 0.0199 | 0.0329 0.2496 | 0.1032 #NV #NV
11.08.2016 #NV 2.1981| #NV | 0.0398 0.1636 0.3171 0.3455 #NV #N
18.08.2016 #NV 1.4907 | #NV | 0.0268 | 0.0597 0.1988 | 0.0951 #NV #NV
25.08.2016 #NV 2.7936| #NV | 0.0258 0.1084 0.3761 0.2978 #NV #N
01.09.2016 #NV 47100 | #NV | 0.0339 | 0.2378 0.8374 | 0.2665 #NV #NV
08.09.2016/  1.4100 #NV | 0.0833| 0.136¢ 0.9799 1.5723 1.3417 #NV NV #
15.09.2016 #NV 1.8669 | #NV | 0.0146 | 0.0856 0.2629 | 0.1478 #NV #NV
22.09.2016 #NV 2.6728| #NV | 0.0182 0.1135 0.5770 0.1890 #NV #N
29.09.2016 #NV 2.4146 | #NV | 0.0225| 0.1082 0.3324 | 0.1131 #NV #NV
06.10.2016 #NV 1.1005 | #NV #NV 0.0332 0.1723 0.3320 #NV #N
13.10.2016 #NV 0.6103 | #NV #NV 0.0319 0.0745 | 0.1919 #NV #NV
20.10.2016|  0.5866 0.9795 0.0255 0.0236 0.061¢ 0.1828 0.7710 V #N #NV
27.10.2016 #NV 0.7849 | #NV #NV 0.0248 0.0784 | 0.2253 #NV #NV
03.11.2016 #NV 0.5477 | #NV | 0.0195 0.0341 0.0933 0.3073 #NV #N
10.11.2016 #NV 15683 | #NV #NV #NV 0.2082 | 0.1416 #NV 0.1201
17.11.2016 #NV 1.1266 | #NV | 0.0183 0.0458 0.2646 0.1275 #NV #N
24.12.2016 #NV 0.5496 | #NV #NV 0.0248 0.0698 | 0.0937 #NV #NV
01.12.2016 #NV 0.4810 | #NV #NV 0.0197 0.0778 0.0981 #NV #N
08.12.2016 #NV 0.4413 | #NV #NV #NV 0.0553 #NV #NV #NV
15.12.2016 #NV 0.5116 | #NV #NV 0.0324 0.0821 0.0786 #NV #N
23.12.2016 #NV 0.6113 | #NV | 0.0459 | 0.0226 0.1163 | 0.2135 #NV 0.0345
29.12.2016 #NV 0.4714 | #NV | 0.1067 0.0771 0.1066 0.9883 0.0417 .3896
05.01.2017 #NV 0.4950 | #NV | 0.0353 | 0.0279 0.0691 | 0.1673 #NV #NV
12.01.2017 #NV 1.2143 | #NV | 0.0676 0.0834 0.2105 0.2318 0.0765 NV #
19.01.2017 #NV #NV #NV #NV #NV #NV #NV #NV #NV
26.01.2017 #NV 1.2741| #NV | 0.0233 0.0550 0.1884 0.0977 #NV #N
02.02.2017 #NV 0.7373 | #NV | 0.0230 | 0.0391 0.1438 | 0.3140 #NV #NV
16.02.2017 #NV 0.6830 | #NV #NV 0.0412 0.1699 0.1627 0.0369 #N
23.02.2017 #NV 0.7938 | #NV | 0.0182| 0.1065 0.1668 | 0.5972 #NV #NV
02.03.2017 #NV 0.5998 | #NV | 0.0348 0.0526 0.1060 0.2667 #NV #N
09.03.2017 #NV 1.0751 | #NV | 0.0294 | 0.0990 0.1516 | 1.1391 #NV #NV
10.03.2017 #NV #NV #NV #NV #NV #NV #NV #NV #NV
16.03.2017 #NV 1.9646 | #NV | 0.0373| 0.1987 0.4384 | 1.3077 #NV #NV
23.03.2017 #NV 2.6508| #NV | 0.0536 0.2050 0.7190 2.3087 #NV #N
30.03.2017 #NV 45741 | #NV | 0.0473| 0.3766 1.3025 | 3.6273 #NV 0.0256
06.04.2017 #NV 1.7195| #NV | 0.0420 0.0892 0.4100 0.8935 #NV #N
13.04.2017 #NV 1.7591 | #NV | 0.0202| 0.0702 0.4217 | 1.2825 #NV #NV
20.04.2017 #NV 1.6874| #NV | 0.0165 0.0785 0.5113 0.3060 #NV #N
27.04.2017 #NV 1.9393 | #NV | 0.0192| 0.0613 0.3099 | 0.3330 #NV #NV
04.05.2017 #NV 1.1958 | #NV | 0.0145 0.0515 0.1650 0.33%6 #NV #N
12.05.2017 #NV 1.6956 | #NV | 0.0232| 0.0576 0.2411 | 0.3419 0.0447 #NV
18.05.2017 #NV 3.8439| #NV | 0.0355 0.1069 0.6076 0.6312 #NV #N
25.05.2017 #NV 1.7568 | #NV | 0.0356 | 0.0128 0.1029 | 0.0880 #NV #NV
01.06.2017 #NV #NV #NV #NV #NV #NV #NV #NV #NV
08.06.2017 #NV #NV #NV #NV #NV #NV #NV #NV #NV
15.06.2017 #NV #NV #NV #NV #NV #NV #NV #NV #NV
22.06.2017 #NV #NV #NV #NV #NV #NV #NV #NV #NV
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Appendix

Cation chromatography Anion chromatography
PM1 cat NHz* Mg?* Na* K* SO NOg NOz Cl-
[mg/m3 | [wg/m?] | [pg/m3] | [pg/m3] | [ng/m? [mg/m3 | [ng/m? [ng/m3] [ng/m?|
29.06.2017 #NV #NV #NV #NV #NV #NV #NV #NV #NV
06.07.2017 #NV #NV #NV #NV #NV #NV #NV #NV #NV
14.07.2017 #NV #NV #NV #NV #NV #NV #NV #NV #NV
27.07.2017 #NV #NV #NV #NV #NV #NV #NV #NV #NV
21.09.2017 #NV 5.8960 #NV 0.0441 0.3991 0.8481 0.5260 #NV #NV
28.09.2017 #NV 2.2621 | #NV 0.0284 0.1444 0.3434 0.1175 #NV #NV
05.10.2017 #NV 0.9301 #NV #NV 0.0468 0.1282 0.2439 #NV #N
12.10.2017 #NV 1.4355 | #NV #NV 0.0793 0.1555 0.2286 #NV #NV
19.10.2017 #NV 1.7996 #NV 0.0346 0.1453 0.2415 0.4152 #NV 028
26.10.2017 #NV 0.8467 | #NV 0.1307 0.0312 0.1347 0.2699 #NV 0.0814
02.11.2017 #NV 2.0869 #NV 0.0509 0.1010 0.3111 0.3266 #NV #NV
11.11.2017 #NV 0.4612 | #NV #NV 0.0340 0.0625 #NV #NV #NV
16.11.2017 #NV 0.5966 #NV #NV 0.0169 0.0812 0.0944 #NV 0.0633
23.11.2017 #NV 0.8194 | #NV 0.0528 0.1004 0.1109 0.2863 #NV #NV
30.11.2017 #NV 0.6313 #NV 0.0237 0.0169 0.0960 0.2617 #NV 0/M5
07.12.2017 #NV 0.4788 | 0.0453 | 0.4195 0.0772 0.0895 1.8942 #NV 0.3236
14.12.2017 #NV 0.6474 #NV 0.0470 0.0652 0.0956 0.2493 #NV #NV
21.12.2017 #NV 0.3718 | #NV #NV 0.0229 0.0496 0.0834 #NV #NV
28.12.2017 #NV 0.3904 #NV 0.0734 0.0267 0.0621 0.2211 #NV 886
04.01.2018 #NV 0.7873 | #NV 0.1275 0.0578 0.1121 0.6443 #NV #NV
11.01.2018 #NV 1.7421 #NV 0.0617 0.0884 0.2915 0.2963 #NV #NV
18.01.2018 #NV 0.4417 | #NV 0.0381 0.0507 0.0629 0.2360 #NV #NV
25.01.2018 #NV 0.9046 #NV 0.0220 0.1004 0.1444 0.3196 #NV #NV
01.02.2018 #NV 0.9940 | #NV 0.0387 0.0698 0.1238 0.1523 #NV #NV
08.02.2018 #NV 1.4334 #NV 0.0533 0.1416 0.2027 0.7684 #NV #NV
15.02.2018 #NV 2.0685 | #NV 0.0325 0.2097 0.3018 0.5186 #NV #NV
22.02.2018 #NV 5.6053 #NV 0.1103 0.4560 0.9688 0.4866 #NV #NV
01.03.2018 #NV 0.9306 | #NV 0.0277 0.1966 0.1484 0.7872 #NV #NV
08.03.2018 #NV 0.8794 #NV 0.0227 0.1030 0.1087 0.4252 #NV #NV
15.03.2018 #NV 3.0410 | #NV 0.0566 0.1875 0.4533 1.7597 #NV #NV
22.03.2018 #NV 3.1825 #NV 0.0342 0.2676 0.4126 2.0943 #NV #NV
29.03.2018 #NV 1.4727 | #NV 0.0621 0.1139 0.2041 0.4538 #NV #NV
06.04.2018 #NV 0.9240 #NV 0.0287 0.0326 0.1455 0.4942 #NV #NV
12.04.2018 #NV 3.4775 | 0.0381 | 0.0772 0.1467 0.5794 1.1470 #NV #NV
19.04.2018 0.3990 3.4153| 0.0694 0.073 0.214¢ 0.6784 1.6603 V #N #NV
26.04.2018 0.6954 8.7318 | 0.0957 | 0.2986 0.4173 1.3811 1.7016 #NV 0.1232
03.05.2018 0.9617 7.8160, 0.0906 0.150 0.3065% 1.2795 1.4973 V #N #NV
10.05.2018 #NV 2.9028 | #NV 0.0206 0.0631 0.4962 0.3902 #NV 0.0524
17.05.2018 #NV 4.5579 #NV 0.0808 0.1348 0.8602 0.4990 #NV #NV
24.05.2018 0.4663 5.7935 | 0.0715 | 0.0751 0.1580 1.2331 0.6786 #NV #NV
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