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Atmospheric aerosol measurements in the German 
Ultrafine Aerosol Network (GUAN)  

Abstract Since the end of 2008 the German Ultrafine Aerosol Network 

(GUAN), an atmospheric observation network designed for long-term 

observations, is operational. The measurements are targeted at improv -

ing the description of the environmental aerosol (particulate matter), 

focussing on parameters that are relevant for human exposure but also 

climate effects. The measurements include sub-µm particle number size 

distributions, soot mass concentrations, and size-segregated chemical 

composition at a number of up to eleven observation sites. Specialised 

campaign measurements are added for a deeper understanding of the 

properties, sources, and processes related to ultrafine particles and soot. 

First observations from December 2008 and January 2009 illustrate the 

value of the network when characterising spatial and temporal effects in 

the atmospheric aerosol over an area such as Germany.  

Part 1: Soot and particle number size distributions 
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1 Introduction 

Aerosol particles, or particulate matter (PM), are essential 
constituents in the atmosphere influencing global climate 
[1], and human health [2; 3]. In the European Union the mass 
concentrations of PM10 and PM2.5 currently serve as the legal 
metric to assess a population’s exposure to ambient particles 
[4]. Substantial research has been directed towards elucidat -
ing the sources and behaviour of PM10, including concrete 
administrative measures to reduce the numerous exceedan-
ces of the daily limit value of 50 µg m-3 (allowed for no more 
than 35 days) in urban and even rural areas. Meanwhile, it 
has become obvious that the mass-based metrics might not 
be appropriate to appraise the PM-induced health effects [5]. 
Mass concentration measurements are, in particular, not 
sufficient to account for the effects of carbonaceous particles 
or ultrafine particles (diameter < 100 nm), which are emitted 
by anthropogenic combustion processes such as industry, 
traffic and domestic heating. While there is little doubt about 
the potential health effects of these particles [6], their rela -
tively low mass concentration makes them largely inacces -
sible for mass-based measurements. To date, PM can be cha-
racterised in very much detail, including size-resolved num-
ber concentration and chemical composition, or individual 
particle analysis. The process of implementing novel mea -
surement techniques in regular air quality monitoring, how -
ever, has just started because in the past, it was hampered by 
the required investments, and limited measurement reliabi-
lity and standardisation. 
In 2008 the German Federal Environment Agency (UBA, 
Umweltbundesamt) and the Leibniz Institute for Troposphe-
ric Research (IfT) started to organise a new Germany-wide 

Atmosphärische Aerosolmessungen im Deutschen 
Beobachtungsnetz für Ultrafeine Aerosolpartikel 
(GUAN) – Teil 1: Ruß und Partikelanzahlgrößen-
verteilungen 

Zusammenfassung Ende 2008 ging das Deutsche Beobachtungsnetz für 

Ultrafeine Aerosolpartikel (GUAN – German Ultrafine Aerosol Network) 

in Betrieb. Die koordinierten Messungen sind auf eine lange Beobach -

tungsdauer angelegt und zielen auf eine genauere Beschreibung des 

atmosphärischen Aerosols sowohl bezüglich seiner Gesundheits- als auch 

Klimaauswirkungen ab. Zu den neuen bestimmten Parametern gehören 

die Partikelanzahlgrößenverteilung, die Massenkonzentration von Ruß 

und die größenaufgelöste chemische Zusammensetzung der Partikel an 

bis zu elf Beobachtungspunkten. Intensive Feldmesskampagnen zur 

Erlangung eines besseren Prozessverständnisses runden die Aktivitäten 

ab. Erste Beobachtungen von Dezember 2008 bis Januar 2009 zeigen 

den hohen Nutzen derartiger Messnetzdaten, um raumzeitliche Effekte 

im atmosphärischen Aerosol über einer Fläche wie Deutschland zu ver-

stehen. 
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Observation site Location Altitude 

in m

Operator Type Continuous measurements Discontinuous 

 measurements

Bösel (Bö) 53.00° N,  

 7.96° E

   16 GAA Hildesheim Rural 

 background

SMPS1/TD2, MAAP3, PM10 Berner-54

Waldhof (Wh) 52.80° N 

10.76° E

   70 UBA Rural 

 background

SMPS1, PM10

Melpitz (Me) 51.54° N

12.93° E

   86 IfT Leipzig Rural 

 background

TDMPS5/TD2, MAAP3, 

APS6, EDM7, Digitel8 

(PM10 and PM2.5)

H-TDMA9, Aerodyne 

mass spectrometer, 

NAIS10, Berner-54, 

Berner-1011

Leipzig-IfT (L-IfT) 51.35° N

12.43° E

  125 IfT Leipzig Urban 

 background

TDMPS5/TD2, MAAP3 H-DMPS12, Berner-54, 

APS6

Leipzig-Eisenbahn-

straße (L-Eiba)

51.34° N

12.37° E

  125 IfT Leipzig Traffi c TDMPS5/TD2, MAAP3 Berner-54

Dresden-Nord (DD) 51.05° N

13.74° E

  115 LfULG Dresden Traffi c TDMPS5, MAAP3, PM10

Mülheim-Styrum 

(Mh)

51.45° N

 6.87° E

   40 IUTA Duisburg Urban 

 background

SMPS1, PM10, PM2.5, PM11 Digitel8 (PM10, PM2.5, 

and PM1)

Schauinsland (Si) 47.91° N

 7.91° E

1,210 UBA Rural 

 background

SMPS1/TD2, MAAP3, PM10 Berner-54

Augsburg (Au) 48.36° N

10.91° E

  484 HMGU Urban 

 background

TDMPS5/TD2, APS6, 

 Aethalometer, PM10, PM2.5

Berner-54

Hohenpeissen berg 

(Hp)

47.80° N

11.00° E

  988 DWD Rural 

 background

SMPS1/TD2, MAAP3, PM10 Berner-54

Zugspitze/Schnee-

ferner haus (Zu)

47.42° N

10.98° E

2,650 UBA & DWD Alpine 

 background

SMPS1/TD2, MAAP3, PM10

 1 SMPS (Scanning mobility particle sizer): particle number size distributions 10 to 800 nm
 2 TD (Thermodenuder): strips off compounds that are volatile at 300 °C
 3 MAAP (Multi-angle absorption photometer): aerosol absorption coeffi cient, BC mass concentration
 4 Five-stage Berner impactor: inorganic ions, EC/OC, selected individual organic compounds
 5 TDMPS (Twin differential mobility particle sizer): particle number size distributions 3 to 800 nm
 6 APS (Aerodynamic Particle Sizer): particle number size distributions 0.8 to 10 µm
 7 EDM: Grimm Environmental Dust Monitor, Model 107 (PM10, PM2.5 and PM1)
 8 Digitel fi lter samples (24 h sampling): particle mass, inorganic water soluble ions, EC, and OC
 9 H-TDMA (Hygroscopic Tandem DMA): hygroscopic properties of particles between 35 and 265 nm at 90% relative humidity
10 NAIS (Neutral cluster and air ion spectrometer): particle and ion size distributions 1.5 to 40 nm
11 Ten-stage Berner impactor: inorganic ions, EC/OC, selected individual organic compounds
12 H-DMPS (Humidifying differential mobility particle sizer): particle number size distributions 20 to 800 nm at 90% relative humidity

Table 1. Observation sites and measurement programme in the German Ultrafine Aerosol Network (GUAN). 

Figure 1. Observation sites and measurements within the German Ultrafine 
Aerosol Network (GUAN). 

network for the characterization of fine and ultrafine par-
ticles in the atmospheric aerosol. Several of UBA’s manned 
background monitoring sta tions and numerous other legal 
and research institutions with their personnel and existing 
infrastructure have been involved. As a result, continuous 
measurements of sub-µm particle number size distributions 
and soot concentrations (determined from light absorbing 
fine and ultrafine particles) were installed at eleven observa -
tion sites. The continuous physical measurements are com-
plemented by an intermittent chemical characterisation 
using low pressure impactors. Furthermore, intensive field 
campaigns are dedicated to specialised particle properties 
(hygroscopicity, highly time-resolved chemical composi -
tion), which will add to the scientific basis necessary for a 
more comprehensive understanding of the life-cycle of am-
bient fine and ultrafine particles. In this paper, we present 
observations from the winter 2008/2009, when high concen-
trations of soot as well as particle number and mass were ob-
served over large areas of Germany as a result of emissions 
under the parti cular meteorological conditions. 
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2 The German Ultrafine Aerosol Network (GUAN) 

The German Ultrafine Aerosol Network (GUAN) combines 
federal and state air quality monitoring stations as well as 
atmospheric research stations run by research institutes. 
State-of-the-art aerosol characterization equipment was in-
stalled at eleven observation sites. Figure 1 visualises the 
location of these sites in Germany, while Table 1 provides 
detailed information on the measurement programme. 

2.1 Measurement sites 

1) Bösel is a regular site in the government air quality moni-
toring system of Lower Saxony (LÜN, Staatliches Gewer-
beaufsichtsamt Hildesheim). To the south the sampling site 
borders to agricultural areas while to the north, it is adjacent 
to residential areas of the village of Bösel. The station is 
situated in an area where livestock production is most in -
tense. The related gaseous ammonia and organic emissions 
are, in fact, anticipated to have an effect on the regional pro-
duction rate of secondary aerosols. This, in conjunction with 
its location in the north-western corner of Germany was a 
main rationale to upgrade the station within this network.  
2) Waldhof is one of the permanently manned stations within 
UBA’s regular observation network [7]. The sampling site is 
surrounded by forest in all directions, and therefore only 
very little influenced by local sources. Measurements here 
can be taken representative for the background in the North 
German lowlands.  
3) Melpitz is the atmospheric research station of the Leibniz 
Institute for Tropospheric Research (IfT), and located near 
the city of Torgau, East Germany. The research station is sur-
rounded by flat and semi-natural grasslands without any 
obstacles in all directions. The site is part of the EMEP net-
work [8], and has proved to be particularly useful in detecting 
cross-boundary transport of pollution from easterly direc -
tions. Chemical and physical characterization experiments 
have been conducted here since 1992, many of which con -
tinuously. An account on the basic aerosol characteristics 
can be found in [9 to 11]. Melpitz hosts many of the specia -
lized campaign measurements within GUAN (Figure 1). 
4) Leipzig-IfT is a research station situated on the roof of 
IfT’s institute building. Leipzig is a medium-sized city in 
Saxony with approximately 500,000 inhabitants. Aerosol par-
ticles are sampled at a height of 16 m above the ground. 
Highly-trafficked roads touch the area only at distances of at 
least 100 m. The location has been identified as representa-
tive for urban background conditions in Leipzig [12]. In 2009 
the station can look back on a 12-year record of urban par -
ticle number size distributions [13]. PM10 measurements are 
absent at Leipzig-IfT; therefore, corresponding data from the 
urban background station Leipzig-West, part of the state air 
quality monitoring network in Saxony, appear in some 
graphs and tables of this paper. 
5) Leipzig-Eisenbahnstraße is a permanent observation site 
in a street canyon, distant about 1.5 km from Leipzig-IfT. The 
canyon is traversed by about 12,000 vehicles per workday 
with particles being sampled 6 m above street level on the 
northern side of the street. The airflow in the street canyon 
and the characteristic soot emissions were characterized in 
previous works [14; 15]. For a description of the site and an 
account on the most recent long-term measurements see 
[16]. 
 

6) Dresden-Nord is a regular site in the air quality monitor -
ing network of Saxony (LfULG; measurements operated by 
BfUL – Betriebsgesellschaft für Umwelt und Landwirtschaft 
in Radebeul). Dresden as the capital of the state of Saxony 
has also approximately 500,000 inhabitants. Besides Leipzig-
Eisenbahnstraße, Dresden-Nord is the second traffic-domi-
nated observation site within GUAN. The measurement sta-
tion is located on a public square, with significant motor traf-
fic flows nearby. Particle number size distribution measure-
ments have been collected here since 2002 [17]. 
7) Mülheim-Styrum is a regular observation site in the air 
quality monitoring network of Northrhine Westphalia 
(LUQS) in western Germany. The measurements presented 
here have been sponsored by the State Agency for Nature, 
Environment, and Consumer Protection (NRW-LANUV). The 
site is situated within a residential area, but is also within 
reach of a motorway (to the north), and industrial premises 
(to the east and south). Overall, the site qualifies as an urban 
background monitoring station [18] and has been used for 
exposure assessment in various health related studies (e. g. 
ESCAPE). Mülheim-Styrum was added to GUAN as a re -
presentative for the Ruhr Area, the largest urban agglomera-
tion in Germany. 
8) Schauinsland is also one of the permanently manned 
stations within UBA’s regular network [7] and a regional 
WMO-GAW (World Meteorological Organization, Global 
Atmosphere Watch) and EMEP station. The site is located 
near the Schauinsland peak in the Black Forest in south- 
western Germany. The station is well-suited to characterize 
air masses that approach Central Europe from westerly 
directions. In winter, the site tends to reside in relatively 
clean air above the Rhine valley’s inversion layer. 
9) Augsburg is an urban background monitoring station 
operated by the Helmholtz-Zentrum München (HMGU). 
Augsburg is a city in Bavaria, southern Germany, with appro-
ximately 260,000 inhabitants. The station is located on the 
pre mises of Augsburg’s University of Applied Sciences, about 
1 km southeast of the city centre. The station’s main purpose 
is to provide input to epidemiological studies of respiratory 
and cardiovascular disease (KORA – cooperative health re-
search in the Augsburg region), with an extensive set of air 
pollution parameters available since 2004 [19; 20]. 
10) Hohenpeissenberg is a meteorological observatory ope-
rated by the German Meteorological Service (DWD), and a 
global station within the WMO-GAW network. It is located in 
Bavaria, approximately 50 km south of Munich, about 40 km 
north of the Alps, and 300 m above the surrounding country-
side. The observatory hosts a wide range of instrumentation 
for atmospheric gas phase and aerosol measurements. For 
the basic characteristics of particle number size distribu -
tions and their relation with trace gas and meteorological  
parameters see [21]. 
11) Zugspitze (Schneefernerhaus) is, together with Hohen-
peissenberg, a global WMO-GAW station and jointly operat -
ed by UBA and DWD. The station is located near the German-
Austrian border and stands out from the rest of the sites due 
to its high Alpine altitude (2,650 m). Its extreme altitude 
causes an annual cycle in aerosol particle number and mass 
concentration, caused by different boundary layer heights in 
summer and winter [22]. The Zugspitze’s elevated position 
allows to characterise air masses that had only little contact 
with the local boundary layer, and may therefore be repre-
sentative for a very large continental area. 
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2.2 Continuous and semi-continuous measurements 

2.2.1 Particle number size distributions 

Particle number size distributions are measured at all eleven 
observation sites using mobility size spectrometers. Most in-
struments are Scanning Mobility Particle Sizers (SMPS) or 
Twin Differential Mobility Particle Sizers (TDMPS; [23]) cus-
tom-made by IfT. At Mülheim-Styrum and Zugspitze com-
mercially available SMPS systems (TSI model 3080, St. Paul, 
USA) are deployed. The most commonly used particle size 
ranges are 3 to 800 nm and 10 to 800 nm depending on 
whether a twin or a single instrument is deployed. Recent in-
strumental improvements include a closed-loop sheath flow 
arrangement, and desiccation devices for the sheath flow 
and aerosol inlet flows. The comparability of the measure-
ments is assured by central comparison workshops (e. g. 
[24]), and also by in-situ comparisons with total particle 
counters at Hohenpeissenberg and Zugspitze. 
 

2.2.2 Non-volatile particle number size distributions 

At eight stations, thermodenuders are operated upstream of 
the differential mobility particle sizers. In the thermo -
denuder, aerosol particles are heated to 300 °C, and volatile 
substances evaporated. Downstream of the thermodenuder, 
the size distribution of non-volatile residues is recorded, in 
an alternating fashion with the unconditioned size distribu -
tion [11]. The main motivation for the thermodenuder 
measurements is the quantification of solid particle cores, 
which are presumed to play a crucial role with respect to 
their particle health effects upon inhalation.  

2.2.4 Continuous Digitel sampling 

Daily filter samples with upper cut-off diameters of 10 and 
2.5 µm are collected at Melpitz using the Digitel DHA-80 high 
volume sampler with a sampling flow of 30 m³/h [9]. The 
same or similar samplers are employed at Mülheim-Styrum 
to collect and chemically analyse PM10, PM2.5 and PM1. The 
value of these data on bulk chemical composition is based on 
their long-term availability and continuity.  

2.2.5 Five-stage Berner impactor sampling 

To provide spatially resolved measurements as well as par-
ticle size-segregated information, Berner low-pressure im-
pactors were installed at seven sites (cf. Figure 1). The five- 
stage Berner impactor classifies particles into five size frac -
tions between 0.05 and 10 µm, which are to be analysed sepa-
rately [10]. No data are available on these measurements yet; 
during 2009 and 2010, however, a total of 40 sampling events 
– each across the whole of Germany and lasting 24 hours – is 
envisaged. To capture as many contrasting air masses even 
with a limited number of samples, the sampling events are 
not statically fixed, but will be triggered after five-day meteo-
rological forecasts. 

2.2.6 Chemical analysis 

All aluminium impactor foils and quartz fibre filter samples 
are analysed in IfT’s central laboratory for water-soluble in-
organic ions by standard ion chromatography, elemental 
(EC) and organic carbon (OC) by thermographic analysis, 
and selected organic trace species by gas chromatography/

 
Figure 2. Time histories of soot and PM10 mass concentration (5 hour running average). A, B and C mark the three 
selected episodes with high soot concentrations. Data between December 31, 23:00 and January 1, 02:00 were 
discarded because of the New Year’s fireworks. The dashed line indicates the legal daily maximum value of 50 µg m-3 
for PM10. 

2.2.3 Soot concentration derived 

from the light absorption 

coefficient 

The concentration of air borne 
soot is quantified at nine sites by 
Multi-Angle Absorption Photo-
meters (MAAP; [25]). The MAAP 
converts the light attenua tion 
through a particle- laden quartz 
fibre filter into an absorption 
coefficient, and finally into a 
soot mass concentration using 
an experimentally determined 
specific attenuation cross-sec -
tion of 6.6 m2 g-1 at a wave -
length of 637 nm. Because the 
MAAP performs an integral ae-
rosol measurement, the upper 
cut-offsize in the aerosol sam-
pling inlet is important. At pre-
sent, this cut-off size is not uni-
form, and varies between no 
cut-off (Zugspitze), 10 µm 
(Melpitz, Leipzig-IfT, Hohen-
peissenberg), 2.5 µm (Augs-
burg), and 1 µm (Bösel, Leipzig-
Eisenbahnstraße, Schauins-
land). To provide accurate and 
comparable measurements un-
der dry sample conditions, most 
MAAP aerosol inlets have been 
equipped with membrane dry-
ers. 
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mass spectrometry. Details of the corresponding analytical 
procedures and methods are summarized in [10]. 

2.3 Additional campaign measurements 

2.3.1 Hygroscopic properties 

The hygroscopic properties of sub-µm aerosol particles are 
determined at Melpitz using a HTDMA (Hygroscopicity Tan-
dem Differential Mobility Analyser) [26], and at Leipzig-IfT 
using a HDMPS (Humidifying Differential Mobility Particle 
Sizer) [27]. Hygroscopic particle growth factors are deter-
mined at up to 90% relative humidity, and have been schedu-
led for the period 6/2008 to 4/2009. The hygroscopicity 
measurements serve to identify the external mixture of the 
aerosol (more and less hygroscopic particles) as well as the 
particles’ ability to take up water. Both parameters are of 
interest for the assessment of the particle health as well as 
climate effects. 

2.3.2 Aerosol mass spectrometry 

A high resolution time-of-flight aerosol mass spectrometer 
(AMS; Aerodyne Research, Inc., Billerica, USA) is deployed at 
Melpitz to characterize the size-segregated chemical com-
position of ambient aerosol particles (0.2 to 2 µm) at high 
time resolution (~ 15 min). Campaigns lasting for six and ten 
weeks were started in June 2008 and September 2008, re-
spectively, with further measurements scheduled for spring 
2009. The AMS measurements are designed to drastically 
improve our understanding of aerosol formation and trans-
formation processes. 

2.3.3 Ten-stage Berner impactor sampling 

At Melpitz and Leipzig-IfT, the experimental deployment of a 
ten-stage Berner impactor is scheduled. This sampler allows 
to collect ultrafine particles down to sizes of 0.018 µm. Due to 
the various challenges associated with artefact-free sam - 
  p ling and the analysis of low particulate masses, the experi-
ment is expected to deliver rather qualitative information on 
the chemical composition of ultrafine particles. 

3 First results 

Continuous measurements for this project started across the 
entire measurement network in November 2008. In this 
section we present some first results demonstrating the use-
fulness and applicability of the data collected. We selected 
three episodes when high particle concentrations occurred 
due to pollution aerosols during the recent winter 2008/2009. 

3.1 Pollution episodes in winter 2008/2009 

Figure 2 shows the time histories of soot (derived from the 
light absorption coefficient) and PM10 mass concentration 
between December 25, 2008 and January 22, 2009. At first 
glance, one can see the remarkable differences in the overall 
levels of soot, and also PM10. The values at the lowland sta -
tions (altitude < 500 m) differed by a maximum of one order 
of magnitude while the mountain stations showed lower 
values by up to three orders of magnitude. Three pollution 
episodes (A, B and C) were defined on the basis of high soot 
concentrations. The characteristics of the three episodes are 
compiled in Table 2 and Figures 3 to 5. 

3.1.1 Episode A 

During episode A (December 28, 2008, to January 2, 2009) 
high soot and PM10 concentrations were observed across 
whole Germany. For the spatial distribution of PM10 see Fig -
ure 3a. The weather situation was influenced by a high pres-
sure area over Scandinavia, with calm and anticyclonic 
winds flowing into Germany from south-easterly directions. 
Owing to a combina tion of radiative cooling near the ground 
and the advection of relatively warm air aloft, a pronounced 
temperature inversion developed over the whole of Central 
Europe. Particle number size distributions (see Figure 4) 
showed consistently high values in the accumulation mode 
(> 200 nm) at all measurement sites except Schauinsland 
and Zugspitze, which apparently resided above the inversion 
layer. The agreement in particle concentrations > 200 nm is 
likewise evident from the volume size distributions. In the 
ultrafine size range (< 100 nm), in contrast, differences 
within one order of magnitude occurred between the low-
land sites. Due to their shorter life-time, ultrafine particles 
are spatially less homogeneous and seem particularly ele-
vated in the cities due to the influence of local sources such 
as traffic but also heat generation. The high soot and PM10 
concentrations occur in an air mass where the pre-existing 
levels are al ready elevated due to its continental origin. The 
tempera ture inversion drastically enhances the accumula -
tion of regionally produced aerosols in the lowest atmosphe-
ric layer, which can be seen by the gradual increase in con-
centrations between December 27 and 30, 2008 (Figure 2). 

3.1.2 Episode B 

During episode B (January 5 to 8, 2009) high soot and PM10 
concentrations were observed only in parts of eastern Ger-
many, as can be seen in Figures 2 and 3b. The meteorological 
situation was influenced by a high pressure bridge between 

Episode Duration Most affected 

areas

Highest daily average soot 

concentrations in µg m-3

Highest daily average PM10 

mass concentrations in µg m-3

Meteorological characteristics

A 2008-12-28

to

2009-01-02

Entire 

 Germany

Augsburg (9.8), Leipzig-Eiba 

(7.7), Leipzig-IfT (7.2), Bösel 

(5.0), Dresden-Nord (4.6), 

Melpitz (4.6)

Mülheim-Styrum (133), 

 Augsburg (94), Dresden-

Nord (94), Leipzig-West (78), 

 Melpitz (67), Bösel (61)

Calm easterly winds, large 

scale temperature inversion 

B 2009-01-05

to

2009-01-08

East Germany Leipzig-IfT (6.6), Dresden-

Nord (6.5), Melpitz (6.4), 

Leipzig-Eiba (5.9)

Dresden-Nord (95), Mülheim-

Styrum (90), Leipzig-West 

(62), Augsburg (48)

Stagnant winds, very cold 

temperatures, regional 

 temperature inversion

C 2009-01-11

to

2009-01-16

Hesse, 

 Bavaria

Augsburg (16.7), Dresden-

Nord (10.4), Leipzig-Eiba 

(5.9), Leipzig-IfT (4.9)

Dresden-Nord (141), 

 Augsburg (139), Mülheim-

Styrum (58),  Melpitz (55), 

Leipzig-West (55)

Stagnant winds, large scale 

inversion over Southern 

 Germany

Table 2. Main characteristics of the three pollution episodes A, B and C.  
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the British Isles and eastern Europe. In this situation, an ex-
tremely cold continental air mass from the Baltic countries 
could move slowly across eastern Germany. Temperatures 
fell to below - 20 °C in Saxony. Radiosoundings indicated an 
extreme temperature inversion by more than 10 °C in the 

lowest 200 m of the atmosphere. The number size distribu -
tions > 200 nm (Figure 4) reveal high particle mass concen-
trations in eastern Germany, with values lower by a factor of 
two in the rest of Germany. Figure 4 illustrates that especially 
during episode B, accumulation mode (> 200 nm) and ultra-

Figure 4. Mean particle number and 
volume size distributions during the 
three pollution episodes A, B and C. 

Figure 5. Mass concentrations for 
water soluble ions, organic matter 
(OM) and elemental carbon (EC) in 
PM10 using the daily Digitel high 
volume filter samples. “Rest” 
indicates the discrepancy between 
the sum of all analysed components 
and the gravimetric mass. “Over” 
marks any misbalance between the 
sum of all components and the total 
gravimetric mass. OM was calculated 
as 1.4*OC [28]. A, B and C mark the 
pollution periods defined in Table 2. 

Figure 3. Spatial distribution of PM10 
mass concentration on individual 
days during each of the pollution 
episodes A, B and C. 
Source: www.env-it.de/umweltbundesamt/

luftdaten/index.html 
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Figure 6. Mean Particle number size distributions upstream and downstream the 
thermodenuder during episode C for three selected sites (top). The average 
diameter shrinking factor of particles as a result of the removal of all species 
volatile at 300 °C (bottom). 

fine (< 100 nm) particles are delineated when comparing 
differ ent stations.  

3.1.3 Episode C 

During episode C (January 11 to 16, 2009) high soot and PM10 
concentrations were observed mainly in Hesse and Bavaria 
in southern Germany, as is evident from Figure 3c. In Augs-
burg, soot concentrations as high as 20 µg m-3 prevailed over 
several days (Figure 2). Between January 9 and 17, a high 
pressure in fluence around a centre in South Eastern Europe 
could be felt particularly in southern Germany. The air was 
stagnant, and a warm layer aloft caused an extremely stable 
temperature inversion near the surface of up to 12 °C, which 
could only intermittently be disrupted up by Alpine Foehn si-
tuations. Figure 4 confirms that also the highest particle 
number and volume concentrations occurred in Augsburg. 
The concentrations in the rest of Germany were comparati-
vely lower. The mountain stations Schauinsland and Zug-
spitze appear to reside, again, in very clean air above the 
temperature inversion. 

3.2 Chemical particle composition 

Figure 5 shows the time series of PM10 chemical composition 
at the rural site Melpitz, determined from Digitel high 
volume samples. The complete time series of December and 
January illustrates the high dynamic range of the total mass 
but also chemical composition. The lowest total mass con-
centrations occurred in maritime air (10 to 20 µg m-3, De-
cember 19 to 25, 2008) and were associated with high relati-
ve fractions of Na+ and Cl-, the main indicators of sea spray 
particles. 
During the pollution episodes A and B, daily PM10 mass con-
centrations rose to levels above the legal limit value of 
50 µg m-3. The highest daily average concentrations of ele-
mental carbon (EC) were measured during period A, on De-
cember 29, 2008 (10.4 µg m-3). For PM2.5 (data not shown), 
the value was 9.0 µg m-3, i. e. the majority of EC was con -
tained within the PM2.5 fraction. Nevertheless, ammonium 
nitrate, ammonium sulphate and organic matter (OM) make 
up the majority of particle mass.  

3.3 The non-volatile fraction of the size distribution 

The deployment of thermodenuders in conjunction with 
mobility size spectrometers allows the quantification of par-
ticles that are non-volatile at 300 °C. For the sub-µm range, 
these particles have broadly been associated with soot [15]. 
Other substances non-volatile at 300 °C, such as sodium 
chloride and crustal material, tend to occur mainly in the 
super-µm range. Figure 6 shows the average number size 
distributions upstream and downstream the thermodenuder 
for episode C. Evidently, the heating of the aerosol causes the 
number size distribution to shrink to smaller diameters. 
Based on the distributions in Figure 6 (top), the volume 
fraction of the non-volatile cores was 32% in Augsburg and 
Schauinsland, and 15% in Bösel. Using the so-called summa-
tion method, size-dependent diameter shrinking factors (SF) 
can be determined from non-conditioned and conditioned 
number size distributions [11; 27]. SF indicates the diameter 
onto which an average particle collapses after passing 
through the thermodenuder in relation to its original diame-
ter (Figure 6, bottom). At the rural sites Schauinsland and 
Bösel SF de creases with decreasing diameter, which we in-
terpreted as an increasing fraction of secondary and thus 

volatile aerosol (OM, ions). Around 100 nm, the biggest non-
volatile fraction can be seen in the city of Augsburg, confir-
ming high enrichments of solid particles in the urban atmo-
sphere, most likely soot from local and regional emissions. 
The non-volatile particle volume can directly be compared 
to the soot mass concentration derived from the light absorp-
tion measurement. Figure 7 pictures the corresponding cor-
relations for a selection of five sites. Importantly, high mea -
sures of determination (R2) govern the correlations, especi-
ally in the urban areas (0.93 to 0.94). The high correlations 
suggest that the non-volatile residues measured down -
stream the thermodenuder correspond essentially to light-
absorbing carbon, i. e. soot. The slopes of the fitting curves in 
Figure 7 were between 0.47 and 0.72. Their divergence from 
unity might stem from a gravimetric density of non-volatile 
particles > 1 g cm-3, non-spheric particles, or a systematic 
bias in the experimental value of the attenuation cross-sec -
tion. Divergences between the sites might be due to differ -
ences in the state of mixture of the corresponding aerosols. A 
general conclusion remains that the mobility size spectro-
meter/thermodenuder and MAAP measurements can be 
used as alternative methods to determine the integral con-
centrations of soot particles, at least in urban areas. 

3.4 Degree of information conveyed by different metrics 

The concept of number distribution and soot measurements 
was designed to provide information on health-related PM 
properties that is statistically independent from the existing 
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Figure 7. Correlations between the non-volatile particulate volume derived from 
mobility size spectrometer/thermodenuder measurements and the optically 
derived soot concentration. Data from December 2008 and January 2009 were 
used. 
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PM10 data. We verified this concept on the basis of linear cor-
relations (quantified by R2) between the different measure-
ment parameters for the two-month period December 2008 
to January 2009. Quite expectedly, the particle number con-
centration (10 to 800 nm) showed only a poor correlation 
with total particle volume (< 800 nm) (0.16 to 0.50) and PM10 
mass concentration (0.11 to 0.37). Mediocre correlations 
were observed between the soot and PM10 mass concentra -
tions (0.56 to 0.84), and also the non-volatile particle volume 
and PM10 (0.56 to 0.84). The best of all parameter correla -
tions was soot/non-volatile particle volume (0.84 to 0.96), 
whose correlation is depicted in Figure 7. A general trend is 
that the various parameters correlate better in urban areas, 

where fresh pollution tends to increase all constituent con-
centrations, and worse in rural areas, where particle mass 
and number might stem from entirely different sources. Na-
turally, this analysis will be more meaningful once longer ti-
me series are available. Nevertheless, the preliminary ana-
lysis suggests that the soot concentration depends only wea-
kly on PM10 mass, while the number of particles is practical-
ly independent thereof. 

4 Conclusions and Outlook 

Since the end of 2008 the German Ultrafine Aerosol Network 
(GUAN), designed for atmospheric long-term aerosol obser-
vations, is operational. The nation-wide network represents 
a comprehensive effort aiming at a better description of the 
environmental aerosol (PM), particularly endorsing new 
particle metrics that are of relevance for health-related ex-
posure but also climate effects. Continuous measurements 
of number size distributions and soot at up to eleven measu-
rement sites are complemented by an intermittent size- 
segregated chemical characterisation and additional cam-
paign measurements. 
Wintertime measurements from December 2008 and Janua-
ry 2009 illustrated high concentrations of soot (daily average 
up to 17 µg m-3), particle mass (PM10, daily average up to 
140 µg m-3) and number over large parts of Germany as a re-
sult of the large-scale atmospheric inversion situations. In all 
three episodes selected, the inversions resulted from the ad-
vection of cold and dry air from south-eastern and eastern 
Europe, and caused high concentrations through the addi -
tion of domestically emitted pollution on top of an existing 
high background. 
During the periods described, the particle mass diverged 
only by a factor of two across wide areas of Germany. A nota-
ble exception were mountain stations that apparently re -
sided in relatively clean air above the inversion layer. The 
concentrations of ultrafine (< 100 nm) particles varied, in 
contrast, by one order of magnitude between the sites; ultra-
fine particle concentrations appear to depend essentially on 
the proximity of a measurement site to urban sources. In this 
conclusion we ignore the process of atmospheric particle nu-
cleation from gaseous precursors, which did not occur dur -
ing our observations here, but can frequently been observed 
in spring and summer. A preliminary data analysis based on 
hourly average values confirmed the statistical independ -
ence of particle number and soot concentrations from PM10 
mass concentration.  
The measurements are scheduled to continue at least until 
2010. The anticipated multi-annual series as well as the 
planned chemical characterization will allow deeper conclu-
sions about the sources and processes of soot and ultrafine 
particles in Germany. The measurement data are planned to 
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data made available to public and research users. Within 
European research activities (EUCAARI), GUAN data will 
also be used to validate climate models describing the sour-
ces, processes and climate effects of atmospheric aerosols, 
and thus help to understand the regional and global implica-
tions of ultrafine particle and soot generation. 


