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ABSTRACT 

Despite the decrease in road traffic emissions air pollutant concentrations of nitrogen dioxide 
(NO2), particulates and ozone (O3) often exceed the limiting values at urban sites in 
Switzerland. The research project “GPS based dynamic monitoring of air pollutants in the 
city of Zürich, Switzerland” aimed at improving the understanding of the interaction between 
road traffic emissions and urban air quality. A tram has been equipped with air pollutant 
(NO/NO2, O3 and particulates) and satellite positioning (GPS) sensors. Two measurement 
campaigns were conducted in 2005–2006 in the city of Zürich, Switzerland on three different 
tram tracks. They represent the various characteristics of an urban environment, such as busy 
places and parts of the city without private road traffic. 

In this paper we show the feasibility of dynamic and real-time measurements and their 
limitations. We present techniques developed to provide precise and reliable positioning 
information in an urban environment and discuss the approach used to post-process the raw 
measurement data. We show that a single measurement system on a dynamic platform 
provides ambient air concentration measurements with a high temporal and spatial resolution 
and coverage. Results from a photochemical smog period in summer 2005 and a smog period 
in winter 2006 are being presented and discussed in comparison with modelling results. 

A dispersion modelling study using the NEMO, GRAMM and GRAL models of the Graz 
University of Technology was carried out for a 3·3 km2 area in Zürich down town. NEMO 
was used to calculate the traffic exhaust emissions on the road network. GRAMM is a non-
hydrostatic prognostic mesoscale wind field model used to calculate steady-state flow fields, 
which served as input to the Lagrangian dispersion model GRAL. We will present results and 
discuss the comparison of the measurements with the results from the dispersion simulations. 

Keywords: Dynamic monitoring, air pollution, GPS positioning, emission model, urban area 

1. INTRODUCTION 
In urban areas ambient air concentrations of air pollutants depend largely on emissions of 
road transport (internal combustion engines), domestic heating and local industry. Cities 
consist of different types of urban sites, such as busy places, pedestrian areas with low to no 
traffic and quarters of different site density. Meteorological processes such as surface 
inversions, wind, precipitation and solar radiation furthermore influence the variation of 
ambient air concentration. Elevated ambient air concentrations have a negative effect on life 
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on Earth in general and on human health, in particular. Even though measures were taken, 
such as the introduction of the catalytic converters in fuel driven vehicles (since 1988 in 
Switzerland) and the progress in fuel and combustion engines technologies, limit values of 
NO, O3 and PM10 are still regularly exceeded at urban sites (Bundesamt für Umwelt, 2007). 
The high-resolution assessment of the temporal and spatial variability of ambient air 
concentration is, therefore, of great interest. 

Zürich lies north of the Alps in the Limmat valley (47° 24’ N, 8° 30’ E) around the basin of 
lake Zürich (420m a.s.l.). It extents over an area of 15km2 between and on the surrounding 
hills (500–650m a.s.l.). The city and the agglomeration have a population of 370’000 and 
1’100’000, respectively. Light industry, a medium size airport and highways can be found in 
the western and northern area. Road networks are heavily used by private and commercial 
transport. Electric trams and trolley buses dominate public transport. However, diesel buses, 
which are mostly equipped with particle filters, are also in use.  

The overall goal of the research project carried out in this city was to assess the feasibility of 
dynamic monitoring of air pollutants (Kehl, 2007). The effort for developing and operating 
the monitoring system should be kept low while maintaining high spatial and temporal 
resolution and coverage. Means for precise and reliable positioning in an urban environment 
had to be found and implemented. Furthermore, it was specified to monitor air quality on-line 
and in real-time, and to investigate the correlation between traffic and ambient air 
concentration. 

A state-of-the art dispersion model was used to produce seasonal and yearly mean 
distributions of NOX for a 3·3km2 area in Zürich downtown. Proper measurements have been 
carried out in this area and allow for a comparison with the simulated ambient air 
concentrations. The dispersion modelling involved the models NEMO (traffic and emissions), 
GRAMM (meteorology) and GRAL (dispersion) of the Institute of Internal Combustion 
Engines and Thermodynamics of the Graz University of Technology. 

2. THE MONITORING SYSTEM 
A tram was found to be a suitable platform for mobile air pollution measurements in Zürich 
for several reasons. It operates on a regular basis throughout the day, which enables measure-
ments with a high spatial and temporal resolution and coverage. The chosen lines cross the 
city and represent the various urban characteristics described above. 

A dedicated mobile system has been developed. The fully autonomous system was built into a 
box of approximately 2·1·0.4 m3 volume. The 150 kg box was mounted on the roof of a tram 
and connected to the tram's internal power supply. The measurement system powered up and 
shut down automatically via an uninterruptible power supply, which included a fail-safe 
backup shutdown procedure in case the control computer would have failed. Software was 
developed on a Linux basis that controlled the instruments, logged the data and transmitted 
measurements and status information in real-time using mobile communication technology 
(GSM/GPRS). 

GPS was chosen as a position and time reference. A suitable GPS receiver capable of 
providing precise positions in urban areas with pronounced street canyons of up to 20–30 m 
height was identified and used in the measurement system. The receiver's Kalman filter 
engine was tuned to the expected movement of a vehicle running on city streets. This and the 
receiver's optimisation for vehicle navigation provided precise measurements even under 
adverse condition (few satellites, unfavourable satellite constellation) most of the time. The 
average ratio of GPS outages, either due to no availability or due to unsatisfactory accuracy 
(quality filtering), was between 2.2 and 3.5%. Outage ratios of 5–10% (and rarely above 20%) 
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were observed at few sites. A projective map-matching technique was developed to transform 
the measured position to the most likely position of the tram on the track. 95% of the 
positions obtained from the GPS receiver were 6.7-7.4 or less metres off the used geometry of 
the tram track. A technique was developed to generate accurate positions during periods of 
GPS outages, which in general lasted a few seconds up to a few dozens of seconds. The 
method relies on the track geometry and the characteristics of the movement of the tram. The 
combination of the GPS measurements and the interpolation of missing positions enabled for 
a precise and reliable referencing of the environmental measurements in space and time. 

Table 1 shows an overview over the used sensors. A detailed report on the measurement 
system, the campaigns and data analysis is given in Kehl (2007). 

Table 1:  Overview over the measured parameters, the measurement principle involved, 
the used sampling rate (averaging time) and the sensors used 

Parameter Meas. principle S. rate Unit Vendor and sensor 
NO / NO2 chemiluminescence 0.1 Hz ppb(v) TEI Model 42TL 
O3 UV absorption 0.1 Hz ppb(v) 2b Tech. Ozone Monitor 202 
particles diffusion charging 0.5 Hz μm2·cm-2 Matter Engineering LQ-1DC 
abs. pressure piezo-resistive 0.5 Hz hPa Keller Absolute press. sensor 
temperature, 
rel. humidity 

resistive and capacitive 
semiconductors 

0.5 Hz °C, 
%RH 

Rotronic Hygroclip S3 

position, time GPS 1.0 Hz m, s uBlox ANTARIS SBR-LS  

3. MEASUREMENT RESULTS 
Two measurement campaigns were carried out: 16 weeks from March to June 2005 and 23 
weeks from December 2005 to May 2006. Data post-processing procedures have been 
developed which produced raw time series in a quasi two-dimensional way. The ambient air 
concentrations of the pollutants (the “sensor readings”) have been referenced by an along-
track position (first dimension) and by the absolute time (second dimension). High spatial and 
temporal resolution of the measurements has been achieved and it has been shown that a 
single mobile measurement system adds a spatial component to ambient air concentration 
time series. The post-processed data has been analysed in various ways.  

Figure 1 shows an example of the analysis of a photochemical smog period (5 days) in June 
2005 measured on tram line 11 (compare figure 2 for the tram track). The tram usually 
operated from early morning to late night. The data has been interpolated to a grid with 
50m·30min resolution using the collocation method (see Kehl, 2007 for details). NOX, as a 
primary pollutant directly emitted by road transport, correlates with the amount of traffic at 
specific places. Two notoriously busy places in Zürich downtown are clearly visible in the 
measurements. The area around Hauptbahnhof (A, main railway station) is busy throughout 
the day. The area from “Bürkliplatz” to “Bellevue” place (B) is an intersection of two major 
streets connecting to each side of the lake and high capacity lanes connecting down town and 
near quarters (compare figure 2 for the location of the places). Besides the effect of road 
traffic exhaust emission strength chemical and meteorological processes influence pollutant 
concentrations. In the morning NOX concentrations are rather high all along the track. They 
generally decrease except at busy places as the inversion dissolves during the later morning. 
The ozone concentrations increase because of the break-up of the inversion and mixing down 
of ozone from the residual layer. The third effect, best visible at the busy places, shows the 
titration of O3 by NO below the inversion layer. 
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Figure 1:  The plots show the average diurnal change of air pollutant concentration along 

tram track 11 averaged for five days in June 2005 with exceeded ozone limit 
values (“summer smog” days). The tram track runs North–South through the city 
(see figure 2). The data has been interpolated and averaged using the collocation 
technique. A and B represent two busy places (the area around central station and 
the section from “Bürklipatz” to “Bellevue” place, respectively). The section 
between A and B corresponds to “Bahnhofstrasse”, which is a pedestrian area 
with very low traffic. 

 

Figure 2:  Annual mean concentration of NOX derived from GRAL. The tram tracks along 
which measurements were conducted are indicated with crosses every 100m 
and the along track position is labelled in km. White areas correspond to 
buildings. The circled areas A (“Bahnhofplatz”) and B (“Bürkliplatz/-
Bellevue”) correspond to the respective positions in figure 1. See also text. 
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4. MODELLING / SIMULATIONS 
Most of the pollutants at ground level in a city originate from road traffic. The emission 
sources are mainly internal combustion engines used in cars, trucks, busses, motorbikes and 
scooters. They together build line sources along the road network. The pollutants then 
disperse into the city. Depending on meteorological processes (wind, radiation, precipitation, 
inversions) they accumulate, degrade or react to other compounds. Urban areas are complex 
terrains with a rough surface where wind induces strong turbulences in the street canyons. 
This influences the dispersion of the emissions. To determine the spatial distribution of the 
mean concentration of a pollutant in a city numerous parameters have to be taken into 
account. 

The study area extents over 3·3 km2 in the inner city of Zürich. It was chosen with respect to 
available measurement data, both from the tram measurements and an established reference 
station, as well as its urban character covering busy places and streets without private road 
traffic and computational limits. The dispersion calculations were carried out for a period of 
one year (June 1, 2005 until May 31, 2006). 

The modelling approach involves three models. These are: 

NEMO The road traffic emission model (Network Emission Model) which allows the 
calculation of traffic emissions on road networks. It relies on the Passenger car 
and Heavy duty Emission Model (PHEM), which is compatible with the HBEFA 
2.1 to a large extent (Rexeis et al., 2007). 

GRAMM The 3d wind field model (Graz Mesoscale Model) (Oettl et al, 2008). 

GRAL The dispersion model (Graz Lagrangian Model) (Oettl et al, 2008). 

Figure 3 provides a general overview over the complete modelling and calculation process. 
Meteorological, geometrical and emission data is needed to carry out the final dispersion 
calculations. 

 
Figure 3: General flow chart of the dispersion modelling. The four boxes at the top corres-

pond to the input data. The three bold framed boxes represent the modelling-
/simulation programmes. The other framed boxes correspond to pre and post 
processing. The box at bottom right represents the results. The grey polygons 
group the boxes according to the three models used: GRAMM (dotted, left), 
NEMO (dashed, right) and GRAL (stroke-through, centre). See text for details. 
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Input to the NEMO model consists of a road network geometry, street classifications and 
other attributes, such as the average slope on a line segment and the yearly average daily 
traffic. It outputs emissions per road segment in kg·km-1·h-1, based on emission factors and 
fleet models. 

The wind field modelling programme GRAMM simulates steady-state 3d wind fields for 
parameterised meteorological situations. These were obtained from meteorological measure-
ments at a point within the area of investigation (see figure 2). The 1h average time series was 
classified into 36 wind direction classes, 5 wind speed classes (v1 < 0.5 < v2 < 1.0 < v3 < 2.0 < 
v4 < 3.0 < v5 [m·s-1]) and seven classes which, based on wind speed and net radiation, 
describe the atmospheric stability or the amount of atmospheric turbulence (ÖNORM, 1996, 
p.29). Of the 1260 possible combinations, 696 were observed in the one-year time series 
(June 1, 2005–May 31, 2006) used. The percentiles are as follows: 50% = 107, 90% = 386, 
95% = 478, 99% = 611. Wind fields were calculated for a 7·7 km2 area. 

The input to the dispersion calculation programme GRAL consists of the road network with 
emission data, the parameterised meteorological time series, the wind fields, geometrical data 
of the terrain and the buildings and configuration files. The results are grids, in this case with 
a 5m horizontal resolution, of annual, seasonal and daytime/night-time averages of NOX. 

Figure 2 shows the annual mean concentrations of NOX derived from the modelling and 
simulation process outlined above. 

5. COMPARISON OF MEASUREMENTS AND MODEL RESULTS 
Figure 4a shows the comparison of the GRAL results for the summer season (June–August) 
with the tram “summer” measurements. The latter are the interpolated summer measurements 
for fair and adverse weather (because of technical problems, the summer data includes NOX 
measurements of 17 days). The combination of fair and adverse weather days should 
represent average “summer” days sufficiently well. The plotted curves are: the mean (black 
line) ±standard deviation (grey area), the median (blue line) and the early morning (6-9 h 
UTC) mean. The GRAL results were sampled along a cross-section which corresponds to the 
tram track 11 (compare figure 2). Several sampling radii were used (5–25 m) and the mean 
value of all grid points within the radius (excluding buildings) was calculated yielding 
somewhat different results. The difference is marginal at low concentrations and increases 
with the concentration. The smaller the sampling radius, the larger the peaks in the resulting 
curve turn out. The maximum difference can be seen at the section from Bürkliplatz to 
Bellevue place (approx. position 6300–6600 m). 

The concentrations sampled from the GRAL grid follow the same pattern as the tram 
measurements. The qualitative agreement of the simulation and the measurements seem to be 
reasonable. Significant differences seem to exist where GRAL shows low concentrations. In 
this study only traffic emissions were used as input into the dispersion calculation, which are 
expected to be the main emission source in the city in summer (no domestic heating, which 
would be another main contributor in winter). 

The results of a correlation analysis of the mean tram measurements along the track and the 
GRAL cross-sections of different sampling radii is shown in figure 4b. It shows significant to 
good correlation coefficients (>0.85). It quantifies the offset of the GRAL simulation results 
from the measurements (at places where GRAL shows very low values) at approximately 30 
µg·m-3. The GRAL simulation results agree best with the measurements at busy places (main 
railway station) and between “Bürkliplatz” and “Bellevue” (compare section 3 and figure 2). 

The differences at low concentrations probably are due to unmodelled emissions, the 
dominance of air pollution that originates from traffic and ignored regional NOX background. 
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                                                  a)                                                                      b) 
Figure 4: Comparison of measured average NOX concentrations along tram line 11 in 

summer 2005 with the GRAL results for the summer season (a) and a statistical 
analysis of the correlation between the two data sets (b). 

 
Figure 5: Comparison of measured average NOX concentrations along tram line 10 in 

winter  2005/06 with the GRAL results for the winter season (left) and a 
statistical analysis of the correlation between the two data sets (right). 

Further reasons might be inaccuracies in the input data, which includes traffic densities, street 
network geometry, emission factors, buildings geometry and meteorological data. The 
comparisons (figure 4) show higher concentrations at the polluted sites, suggesting an 
underestimation of dispersion in the model. 

Figure 5 shows the comparison of the GRAL results for the winter season (December–
February) with measurements conducted in winter 2005/06. The plot is analogous to figure 4 
(left, see above). In winter 2005/06 tram measurements are available on 71 of 90 days. In the 
interpolated average of all measurements (black line and grey area) very little variation along 
the track can be seen. GRAL, however, shows distinct variations along the track with steep 
gradients. The offset to the measurements at the lowest GRAL values is larger than in the 
summer results. 

The following problems add to the discrepancies between GRAL and the tram measurements: 
emission from domestic heating and two pronounced and long-lasting exceptional winter 
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smog periods in January and February, which caused a very high regional background level 
(Bundesamt für Umwelt, 2007). The dashed black line is the 9-14h average of the 
measurements during a smog period. It features more pronounced variations along the track 
than the total winter average. It does not correlate with the GRAL curves (correlation factor of 
approximately 0.1). 

6. CONCLUSIONS 
This research project has proved the feasibility of dynamic monitoring of air pollutants in a 
city and its limitations have been identified. Suitable data preparation and interpretation 
methods have been developed to analyse the dynamic measurements. 

A single measurement system has provided measurements with high temporal and spatial 
resolution. Techniques based on GPS measurements and post-processing routines to provide a 
reliable and precise position and time reference for the environmental measurements have 
been developed and demonstrated. The analysis of spatio-temporal distribution of air quality 
and its modelling have clearly revealed that the research conducted provides a solid basis for 
advanced interpretation of air quality. 

Model simulations with GRAL for the summer season show good agreement with the 
measurements. The offset results from missing background concentrations and emission 
sources. Because of unfavourable dispersion situations, the simulated concentration values in 
the winter season are higher than in summer.  

Nevertheless, the unmodelled emission sources and regional background concentrations seem 
not to be the sole explanation of the discrepancies between simulation and measurement. 
Further investigations are necessary to elucidate these open questions. 

7. ACKNOWLEDGEMENTS 
The research project has been funded by an internal grant of the Department of Civil, 
Environmental and Geomatic Engineering of the ETH Zürich. The public transport of Zürich 
(Verkehrsbetriebe Zürich, VBZ) are greatly acknowledged for their support. 

8. REFERENCES 
Bundesamt für Umwelt (2007). Luftbelastung 2006 – Messresultate des nationalen Beobach-
tungsnetzes für Luftfremdstoffe (NABEL). Bundesamt für Umwelt (BAFU) & eidg. 
Materialprüfungs- und Forschungsanstalt (EMPA). http://www.umwelt-schweiz.ch/uz-0726-d 

Kehl, Ph. (2007). GPS Based Dynamic Monitoring of Air Pollutants in the City of Zürich, 
Switzerland. Diss. ETH No. 17383. ETH Zürich. http://www.e-collection.ethz.ch 

Öttl, D., R. Onchang, S. Vogelsang, M. Rexeis, P. Sturm, and S. Hausberger (2008): 
Dispersion modeling in complex terrain with frequent low wind speed conditions. Chapter 2 
of Environmental Sciences & Environmental Computing, Vol. III (Eds. P. Zannetti, et al.). 
Published by The EnviroComp Institute (http://www.envirocomp.org/) and the Air & Waste 
Management Association (http://www.awma.org/). 

ÖNORM (1996). M9440: Ausbreitung von luftverunreinigenden Stoffen in der Atmosphäre. 
Berechnung der Immissionskonzentrationen und Ermittlung von Schornsteinhöhen. 
Österreichisches Normierungsinstitut, Wien (Austrian Standards Institute, Vienna) 

Rexeis, M., S. Hausberger, M. Zallinger, and C. Kurz. (2007). PHEM and NEMO: Tools for 
micro and meso-scale emission modelling. In Abstracts of the 6th International conference on 
Urban Air Quality, volume 6, page 109. University of Hertfordshire. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


