
Energie & Umwelt / Energy & Environment

Band / Volume 497

ISBN 978-3-95806-465-2

Aquisition of temporally and spatially highly resolved data sets 

of relevant trace substances for model development and model 

evaluation purposes using a mobile measuring laboratory

D. Klemp, R. Wegener, R. Dubus, U. Javed

97

E
n

e
rg

y
 &

 E
n

v
ir

o
n

m
e

n
t

R
. D

u
b

u
s,

 U
. J

av
e

d



Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 497





Forschungszentrum Jülich GmbH
Institut für Energie- und Klimaforschung
Troposphäre (IEK-8)

Aquisition of temporally and spatially  

highly resolved data sets of relevant trace 

substances for model development and model 

evaluation purposes using a mobile measuring 

laboratory

D. Klemp, R. Wegener, R. Dubus, U. Javed

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 497

ISSN 1866-1793    ISBN 978-3-95806-465-2



Bibliografische Information der Deutschen Nationalbibliothek. 
Die Deutsche Nationalbibliothek verzeichnet diese Publikation in der 
Deutschen Nationalbibliografie; detaillierte Bibliografische Daten 
sind im Internet über http://dnb.d-nb.de abrufbar.

This book is based on our work for the BMBF joint project Urban Climate under Change (Part 1):  
Evaluation of Urban Climate Models (Module B), 3DO, Subproject 6; Funding reference: 01LP1602F.
The authors would like to thank Dr. Christian Ehlers for his work at the beginning of the urban  
climate project. The authors also thank Prof. A. Wahner and Dr. Franz Rohrer for discussions and 
critical reviewing of the manuscript. 

Herausgeber Forschungszentrum Jülich GmbH
und Vertrieb: Zentralbibliothek, Verlag
 52425 Jülich
 Tel.:  +49 2461 61-5368
 Fax:  +49 2461 61-6103
 zb-publikation@fz-juelich.de
 www.fz-juelich.de/zb
 
Umschlaggestaltung: Grafische Medien, Forschungszentrum Jülich GmbH

Titelbild:  Sascha Kreklau 

Druck: Grafische Medien, Forschungszentrum Jülich GmbH

Copyright: Forschungszentrum Jülich 2020

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment, Band / Volume 497

ISSN 1866-1793  
ISBN 978-3-95806-465-2

Vollständig frei verfügbar über das Publikationsportal des Forschungszentrums Jülich (JuSER)
unter www.fz-juelich.de/zb/openaccess.

 This is an Open Access publication distributed under the terms of the Creative Commons Attribution License 4.0,  
 which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

  

  

  

 

  

  

  

  

  

 

  

  

  

 

 

 

 

  

  

 

  

  

  

















































































































                         



























Alkane 

6% 

Alkene 

17% 

Aromatics 

7% 

BVOCs 

55% 

Oxygenated 

15% 

Berlin (Urban Background), 

Summer 2017, 

Am Spreebord 

Alkane 

11% 

Alkene 

44% 
Aromatics 

17% 

BVOCs 

15% 

Oxygenated 

14% 

Berlin (Inner City), Summer 2017, 

Ernst-Reuter-Platz 



Alkane 

15% 

Alkene 

46% 

Aromatics 

19% 

BVOCs 

5% 

Oxygenated 

15% 

Tiergarten Tunnel (IOP-II, Summer 2017) 

Alkane 

11% 

Alkene 

48% 
Aromatics 

20% 

BVOCs 

5% 

Oxygenated 

16% 

Heslacher Tunnel  (IOP-II, Summer 2017) 





















Heslacher Tunnel  IOP-II, Summer 2017     

                    ppt                    s-1 

Alkane   

ethane 14449.4 

propane 5786.0 

isobutane 7103.3 

butane 18261.3 

2-methylbutane 42004.5 

pentane 10964.5 

2,2-dimethylbutane 4873.0 

cyclopentane / 2,3-dimethylbutane 3843.9 

2-methylpentane 8163.0 

3-methylpentane 4294.2 

hexane 4739.3 

methylcyclopentane 0.0 

2,4-dimethylpentane 1265.6 

cyclohexane 735.9 

2-methylhexane 3291.4 

2,3-dimethylpentane 3679.2 

3-methylhexane 2687.6 

cis-1,3-dimethylcyclopentane 905.4 

2,2,4-trimethylpentane 4428.3 

heptane 1555.2 

cis-1,2-dimethylcyclopentane 142.4 

methylcyclohexane 933.6 

2,5-dimethylhexane 558.6 

2,4-dimethylhexane 949.6 

ethylcyclopentane 288.4 

1-cis,2-trans,4-trimethylcyclopentane 173.5 

2,3,4-trimethylpentane 3673.7 

2-methylheptane 1277.3 

4-methylheptane 502.4 

3-methylheptane 969.4 

trans-1,4-dimethylcyclohexane 702.7 

1,1-dimethylcyclohexane 0.0 



cis-3-ethylmethylcyclopentane 0.0 

trans-3-ethylmethylcyclopentane 0.0 

octane 772.0 

cis-1,4-dimethylcyclohexane 170.2 

cis-1,3-dimethylcyclohexane 262.7 

isopropylcyclohexane 104.9 

ethylcyclohexane 214.3 

4-methyloctane 1199.9 

nonane 897.3 

2,6-dimethyloctane 290.0 

n-butylcyclopentane 936.5 

3,6-dimethyloctane 0.0 

5-methylnonane 195.5 

decane 1490.2 

dodecane 0.0 

undecane 2694.0 

Dodecane 703.0 

    16.933 

Alkene     

ethene 79394.5 

ethyne 47762.7 

propene 13543.0 

propyne 999.6 

isobutene/1-butene 6135.0 

1,3-butadiene 768.1 

trans-butene 3411.2 

cis-butene 3184.9 

1,2-butadiene 54.9 

3-methyl-1-butene 0.0 

1-pentene 1590.0 

2-methyl-1-butene 3455.7 

trans-pentene 2847.1 

cis-pentene 1431.0 

2-methyl-2-butene 3834.0 

1,3-pentadiene 0.0 

cyclopentadiene 0.0 

cyclopentene 980.8 

1-hexene 0.0 

2-methyl-1-pentene 778.7 

trans-2-hexene 427.4 

cis-2-hexene 197.9 

1,3-hexadiene 489.9 

cyclohexene 174.8 

1-heptene 0.0 

2,3-dimethyl-2-pentene 127.8 



octene 0.0 

1-methylcyclohexene 0.0 

1-nonene 0.0 

cyclooctatetraene 0.0 

1-Propenylbenzene 0.0 

4-ethenyl-1,2-dimethylbenzene 0.0 

1-ethenyl-3-ethylbenzene 0.0 

    69.741 

Biogenic VOCs     

isoprene 30.2 

-pinene 115.4 

pinane 0.0 

sabinene 0.0 

-pinene 0.0 

myrcene 310.7 

d2-carene 38.9 

-phellandrene 36.0 

d3-carene 249.0 

alpha-terpinene 0.0 

limonene 402.0 

eucalyptol (1,8-cineole) 0.0 

z- -ocimene 0.0 

2,3-dihydroinden 549.1 

e-  -ocimene 292.8 

terpinolene 0.0 

    7.110 

Oxygenated     

acetaldehyde 25102.4 

methanol 0.0 

ethanol 125429.9 

acetonitrile 0.0 

acetone 24069.7 

propanal 0.0 

propan-2-ol 1734.5 

methyl-acetate 0.0 

1-propanol 184.7 

metacrolein 32.4 

methyl vinylketone 235.5 

butanal 382.2 

butanone 3192.7 

2-Butanol 0.0 

ethyl tert-butyl ether 4437.3 

1-butanol 745.3 

pentanal 0.0 

hexanal 323.5 



butyl-acetate 28856.3 

2,3-dimethyl-2-butanol 0.0 

2e-hexenal 0.0 

heptanal 144.7 

benzaldehydene 387.8 

octanal 110.8 

    22.823 

Aromatics     

benzene 8133.0 

toluene 21428.8 

ethylbenzene 14001.7 

m/p-xylene 20807.0 

styrene 501.3 

o-xylene 8049.5 

isopropylbenzene 204.8 

propylbenzene 2107.9 

3-ethyltoluene 3093.3 

4-ethyltoluene 1387.1 

mesitylene 1216.6 

2-ethyltoluene 1089.1 

tert-butylbenzene / 1,2,4-trimethylbenzene 4947.9 

m-cymene 0.0 

o-cymene 0.0 

1,2,3-trimethylbenzene 1266.1 

1,3-diethylbenzene 415.6 

3-methylpropylbenzene 713.0 

1,4-diethylbenzene 1207.6 

butylbenzene 186.5 

2-methylpropylbenzene 899.7 

1,3-dimethyl-4-ethylbenzene 445.3 

1,2-dimethyl-4-ethylbenzene 132.9 

1,3-dimethyl-2-ethylbenzene 855.6 

2-phenylpentane 171.4 

1,2,4,5-tetramethylbenzene 304.3 

1,2,3,4-tetramethylbenzene 401,2 

1,2,3,5-tetramethylbenzene 696,9 

naphthalene 1142,2 

 

 

   29.117 

 

 

 

 

Sum Reaktivity/ s-1   

 

 

 

 

145.725 

      



Alkane   11.6% 

Alkene   47.9% 

Biogenic   4.9% 

Oxygenated   15.7% 

Aromatics   20.0% 
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VOC-Reactivity mix of Diesel exhaust (cold start conditions) and that of the 

Heslacher tunnel mixture, both normalized to the respective ethene 

contributions

Diesel exhaust

Heslach tunnel



1: ethene; 2: ethyne; 3: ethane; 4: propene; 5: propane, 6: cyclopropene; 7: propyne; 8: methyl nitrite; 9: isobutane; 10: acetaldehyde;  11 

Sum of 1-butene and isobutene; 12: 1,3-butadiene; 13: butane; 14: 1-butene-3-yne; 15: trans-butene, 16: 1-butyne; 17: methylethyl-ether; 

18: cis-butene; 19: 1,2-butadiene; 20: 3-methyl-1-butene; 21: ethanol; 22: acrolein; 23: isopentane; 24: acetone; 25: 1,4-pentadiene; 26: 1-

pentene; 27: furan; 28: 2-propanol; 29: 2-methyl-1-butene; 30: pentane; 31: trans-pentene; 32: isoprene; 33: cis-pentene; 34: methyl 

nitrate; 35: 2-methyl-2-butene; 36: methyl acetate; 37: trans-1,3-pentadiene; 38: nitromethane; 39: 2,2-dimethylbutane; 40: methyl-

propanal; 41: propanol; 42: metacrolein; 43: cyclopentene; 44: 4-methyl-1-pentene; 45: 3-methyl-1-pentene; 46: 2,3-dimethylbutane; 47: 

methyl vinyl ketone; 48: 2-methylpentane; 49: butanal; 50: methyl ethyl ketone; 51: 3-methyl-pentane; 52: 2-methyl-1-pentene; 53: 

hexane; 54: trans-2-hexene; 55: 2-methylfuran; 56: 3-methylcyclopentene; 57: cis-2-hexene; 58: ethyl tertbutyl ether; 59: trans-1-3-

hexadiene; 60: methylcyclopentane; 61: 2-butenal; 62: 2,4-dimethylpentane; 63: butanol; 64: cis-2-methyl-3-hexene; 65: benzene; 66: 2-

methyltetrahydrofuran; 67: cyclohexane; 68: 2-methylhexane; 69: 2,3-dimethylpentane; 70: pentanal; 71: 3-methylhexane; 72: 

cyclohexene; 73: cis-1,3-dimethylcyclopentane; 74: 1-heptene; 75: trans-1,3-dimethylcyclopentane; 76: 2,2,4-trimethylpentane; 77: methyl 

3-butenoate; 78: 2-methyl-2-hexen; 79; heptane; 80: 3,5-dimethylcyclohexene; 81: trans-2-heptene; 82: cis-2-heptene; 83: 2,3-dimethyl-2-

pentene; 84: 3-ethylcyclopentene; 85: 1-ethylcyclopentene; 86: cyclopentanone; 87: cis-1,2-dimethylcyclopentane; 88: methylcyclohexane; 

89:  2,5-dimethylhexane; 90: 2,4-dimethylhexane; 91: ethylcyclopentane; 92: 4-methylcyclohexene; 93: 1,cis-2,trans-4-

trimethylcyclopentane; 94: cis-2-octene; 95: cis-3-octene; 96: 2,3,4-trimethylpentane; 97: toluene; 98: 2-methylheptane; 99: 4-

methylheptane; 100: 2-ethyl-1-hexene; 101: 1-methylcyclohexene; 102: 3-methylheptane; 103: hexanal; 104: trans 1,4-

dimethylcyclohexane: 105: 1-octene; 106: 1,1-dimethylcyclohexane; 107: butyl-acetate; 108:   trans-4-octene; 109: cis-1-ethyl-3-

methylcyclopentane; 110: trans-1-ethyl-3-methylcyclopentane; 111: trans-3-octene; 112: octane; 113: trans-2-octene; 114: cis-1,4-

dimethylcyclohexane; 115: cis-1,3-dimethylcyclohexane; 116: isopropylcyclopentane; 117: 1-propylcyclopentene; 118: 1,2-

dimethylcyclohexene; 119: (E)-2-Hexen-1-al; 120: trans 3,5-dimethylcyclohexene; 121: 2-methyloctane; 122: cis-3,5-dimethylcyclohexene; 

123: ethylcyclohexane; 124: 1,1,3-trimethylcyclohexane; 125: ethylbenzene; 126: 4-methyloctane; 127: meta and para xylene; 128: 3-

methyloctane; 129: styrene; 130: heptanal 131: o-xylene; 132: nonane; 133: 1-ethyl-2-methylcyclohexane; 134: 1-ethyl-4-

methylcyclohexabe; 135: isopropylbenzene; 136: 2,6-dimethyloctane; 137: butylcyclopentane; 138: 1-propenylbenzene; 139: 

benzaldehydene; 140: -pinene; 141: cyclooctatetraene; 142: propylbenzene; 143: 3,6-dimethyloctane; 144: 3-ethyltoluen; 145: 4-

ethyltoluene; 146: trans-pinane; 147: mesitylene; 148: 1-propenylbenzene; 149: 1,1,2,3-tetramethylcyclohexane; 150: 2-ethyltoluene; 151: 

1-decene; 152: octanal; 153: myrcene; 154: tert-butylbenzene; 155: 1,2,4-trimethylbenzene; 156: decane; 157: 2-carene; 158: 1,3-methyl-

isopropylbenzene; 159: -carene; 160: 1,2-methyl-isopropylbenzene; 161: 1,2,3-trimethylbenzene; 162: limonene; 163: indane; 164: 1,3-

diethylbenzene; 165: 1,3-methyl-propylbenzene; 166: 1-4-diethylbenzene; 167: butylbenzene; 168: (E)- -ocimene; 169: 1,2-methyl-

propylbenzene; 170: 1,2-diethylbenzene; 171: 1,3-dimethyl-4-ethylbenzene; 172: 1,2-dimethyl-4-ethylbenzene; 173: 1,3-dimethyl-2-

ethylbenzene; 174: 1,3-dimethyl-2-ethylbenzene; 175: 1-ethenyl-3-ethylbenzene; 176: undecane; 177: (1-methylbutyl)-benzene; 178: 

1,2,4,5-tetramethylbenzene; 179: 1,2,3,4-tetramethylbenzene; 180: 1,2,3,5-tetramethylbenzene; 181: dodecane; 182: naphthalene.

 

































Fig. 1: MobiLab with schematic representation of the built-in trace analysis: Aerosol inlet: isokinetic inlet of the 

particle phase to avoid loss processes due to high velocity differences between the MobiLab's own 

motion and the velocity at the entry point into the aerosol inlet. Gas phase analysis: CO, CO2 and CH4, 

SO2, NH3, NH3 and H2O, NO2, NOx, NO and NO2, N2O, O3 (chemiluminescence), O3 (UV absorption), VOC 

canister samples, aerosol analysis: ELPI, CPC, filter samples: gravimetric analysis, EC/OC distribution 

[Ehlers et al., 2017]. _____________________________________________________________________ 8 

Fig. 2: Preparation for the outdoor air comparison at Schönhagen Airport (17.07.2018). Both air intake systems 

are positioned in close proximity to each other (Cessna: AIRPOD directly under the right wing; MobiLab: 

air intake at the head of the aerosol inlet). Appropriate positioning of the two systems ensured that 

contamination due to inherent emissions from the measuring platforms is avoided (wind-flow from the 

right). ________________________________________________________________________________ 8 

Fig. 3: Flow diagram of the GC-MS system used. Sample preparation system: A set of 10 Silco-steel cylinders 

previously filled with sample air can be connected to the system for analysis. Cryogenic preconcentration: 

Serves to concentrate the air samples by a factor of about 1000. Gas-chromatograph equipped with FID 

and MSD, column 120 m DB1, 0.32 mm ID. _________________________________________________ 11 

Fig. 4: Overview of the separation performance achievable with the system. Listing of retention times for the 

most common organic trace gases of an air sample (diluted diesel exhaust sample). ________________ 14 

Fig. 5: (a) Ambient air comparison for NO, NO2 and O3 with TP8 on the premises of the IFK of the University of 

Stuttgart (b) Measurement comparison on the Marienplatz in Stuttgart: Mobile bicycle-analytics and 

stationary-analytics of the IFK with MobiLab-analytics (c) Measurement comparison between MobiLab-

analytics and Zephyr probes of the IASS (TP5) (d) Measurement comparison between MobiLab-analytics 

and mobile analytics of the University of Braunschweig (TP4). The measurement comparisons shown here 

took place during IOP-II in the summer of 2017. _____________________________________________ 24 

Fig. 6: Parallel measurements of CO2 during the IOP-II in Berlin on 31.07.2017 using a cavity ringdown system 

from Picarro (time resolution 10 Hz, absolute calibration using the known IR absorption). The following 

system was used by the TU Braunschweig (TUBS): LI-COR Inc., (LI-840A). _________________________ 25 

Fig. 7: Parallel measurements of particle number concentrations during the IOP-II in Berlin on 31.07.2017. FZJ 

used an Ultra-CPC-3788 from TSI GmbH with a deposition limit of 2.5 nm and a time resolution of 1 s. The 

TU Braunschweig (TUBS) used the following system to measure the particle number concentration: CPC-

3007 with a deposition limit of 10 nm and a time resolution of 1 s. ______________________________ 26 

Fig. 8: Berlin measurement route of MobiLab. The plot shows measured NO2 concentration distribution (see 

colorbar) in the vicinity of Ernst-Reuter-Platz during the IOP-II on 31.07.2017 in Berlin. High NO2 mixing 

ratios are found on main roads and at intersections. The NO2 local background values are observed in 

side streets and/or residential areas. ______________________________________________________ 31 

Fig. 9: Berlin measurement route of MobiLab. The measured concentration distribution of CO2 is shown in the 

area around Ernst-Reuter-Platz during the IOP-I on 18.01.2017 in Berlin. Simultaneous CO2 and NO2 

measurements are an efficient method to differentiate between direct NO2 emissions from traffic and 



the NO2 contribution generated by NO titration with O3. It will be a task of the validations of the 

associated PALM-4U models to investigate the quality with which these processes are represented by the 

models. ______________________________________________________________________________ 32 

Fig. 10: Measurements of summer NOx background concentrations (August) in the windward Hinterland of 

Berlin. Lowest NOx concentrations are observed on low-traffic country side roads in the area of Nauen. 

The lowest NOx concentrations on the Havelchaussee in the foreland of Grunewald are only slightly 

higher at 5 to 7 ppb. Under these conditions, the photostationary state during the day ensures that the 

NOx is divided into a proportion distribution of about 25% NO and 75% NO2. ______________________ 33 

Fig. 11: Results of the NO2 measurements (see colour scale) during the crossing of the city of Berlin in east-west 

direction and investigations in the windward and leeward areas of Berlin under winter conditions and 

northwest wind direction (see wind arrow). The measurements with MobiLab presented here took place 

on a weekday during IOP-I (20 January 2017 between 9:00 and 12:30 UTC). ______________________ 34 

Fig. 12: The mixing ratio of NO2 around the Neckartor in Stuttgart (IOP-III, 13.02.2018) on the standard route of 

MobiLab. ____________________________________________________________________________ 35 

Fig. 13: Kernerplatz in Stuttgart with a view to the north towards the Neckartor. Spatial variability of NO2 

concentration (minimum distance B14 - Kernerplatz: approx. 100 m). Colour scale for NO2 as in Fig. 12. 36 

Fig. 14: Diurnal course of the NO2 concentration during the IOP-III (13.02.2018) in Stuttgart. ______________ 37 

Fig. 15: a) NO2 concentrations during a measurement run during IOP-I (20.02.2017) in the western surroundings 

of Stuttgart. b) 2-minute 5-percentile low-pass filtering [Urban, 2010] of the NO2 data of this 

measurement run to eliminate traffic peaks. ________________________________________________ 38 

Fig. 16:  NO2 concentrations during a measurement run during IOP-IV (09.07.2018, 7:00 - 9:30 UTC) in 

surroundings of Stuttgart. The summer background concentrations of NO2 in this period were only about 

20% of the NO2 background values observed during IOP-I (winter conditions). _____________________ 39 

Fig. 17: Annual mean values for NO2 and NOx of almost all federal and state controlled measuring stations in 

Germany. In addition, the ozone background annual average [Schmidtke and Schmidt, 2019] is shown. 

For this data set (O3 = 75 µg m
-3

), the proportion of direct NO2 2)  / x) is (0.2 ± 0.02) 

NO2 of the emitted NOx. ________________________________________________________________ 44 

Fig. 18: Parallel measurements of different trace substances from the emission source road traffic during the 

passage of the Tiergarten tunnel (Berlin, IOP-I, 21.01.2017). ___________________________________ 46 

Fig. 19: Measured concentration trends of CO2, NO2, NO and CO during the passages of the Stuttgart Heslacher 

tunnel (IOP-II, 02.07.2017). The dotted lines mark the respective entry and exit times of the mobile 

measuring laboratory. __________________________________________________________________ 48 

Fig. 20: Example of a linear correlation fit between CO and the simultaneously measured CO2 concentrations in 

the Heslacher Tunnel (Stuttgart, IOP-II, 02.07.2017 15:14 - 15:18 UTC). The following applies: CO [ppm] = 

7.015 × 10
-3

 CO2 [ppm], R
2
 = 0.96. _________________________________________________________ 49 

Fig. 21: NOx/CO2 ratio as a function of the outside temperature in the Heslacher Tunnel (Stuttgart). Passages of 

the Heslacher Tunnel during the Stuttgart IOPs for different weekdays and weekends [Wegener et al., 

02.07.2019, Mannheim]. ________________________________________________________________ 51 



Fig. 22: Traffic data from the Neckartor monitoring station as an estimate of the number and proportion of 

commercial vehicles in the fleet composition of the Heslacher Tunnel (Stuttgart) [LUBW, Referat 31: 

Luftreinhaltung, Umwelttechnik, 2013]. ____________________________________________________ 52 

Fig. 23: Time series for CO2, NO2, NH3, and SO2 during a passage of the Stuttgart Heslacher tunnel. For the 

vehicle fleet in the tunnel, the following trace substance to CO2 ratios were specified for this tunnel 

passage: _____________________________________________________________________________ 53 

Fig. 24: Simultaneous recording of N2O and NO2 on the standard route around the Neckartor in Stuttgart (IOP-

III, 13.02.2018). _______________________________________________________________________ 55 

Fig. 25: Parallel measurements of N2O and NOx with MobiLab while passing through tunnel (Stuttgart). For 

meteorological reasons, only investigations under winter conditions (IOP-III) exist. A defect of the N2O 

cavity-ringdown system prevented the use during IOP-IV under summer conditions. _______________ 58 

Fig. 26: Parallel measurements of N2O and CO2 with MobiLab while passing through tunnel (Stuttgart). For 

meteorological reasons, only investigations under winter conditions (IOP-III) exist. A defect of the N2O 

cavity-ringdown system prevented the use during IOP-IV under summer conditions. _______________ 58 

Fig. 27: Chasing investigation behind a EURO-6 bus of the Stuttgart city bus company (line 42) with starting 

point at the Stadtschloss. The strongly increasing power output of the diesel engine during "climbing the 

Uhlandshöhe" led at the same time to overdosing of the ammonia of the SCR catalytic converter system, 

so that significant NH3 concentrations were found in the exhaust gas of this bus (for the exact 

concentration curve see Fig. 27). _________________________________________________________ 61 

Fig. 28: Temporal concentration course of the "chasing" experiment on the bus of line 42: Sudden rise of the 

NH3 concentration during climbing the Uhlandshoehe, measured with two different NH3 measuring 

systems (Los Gatos (TDL system) and Picarro (cavity ringdown detection). The NH3 to CO2 ratio of about 1 

[ppb/ppm] observed here can be clearly attributed to the NH3 slip of the SCR catalytic converter of this 

EURO 6 bus. __________________________________________________________________________ 62 

Fig. 29: Simultaneous measurements of NO2 and NH3 during the MobiLab measurement run on 17.01.2017 

16:15 - 17:20 UTC. a) NO2 time history [ppb] on the Berlin standard route. b) NH3 concentration time 

series for the same MobiLab measurement run. Two different NH3 peak structures can be distinguished 

under evening inversion conditions. Many individual NH3 peaks with a typical height of 2-4 ppb are 

identifiable, whose peak height ratio to NO2 corresponds to the emission ratios found in the tunnel 

studies. In addition, two significantly stronger NH3 peaks of about 30 ppb can be observed (red arrow), 

which have similar mixing ratios to the NO2 measured in parallel. _______________________________ 64 

Fig. 30: Simplified scheme of the reaction paths of OH radicals in the degradation of NOx and VOCs. The 

reaction path RVOC leads to net O3 formation in the atmosphere while the reaction path RNO2 represents 

the radical removal process. _____________________________________________________________ 67 

Fig. 31: Reactivity weighted VOCs profiles (so-called "Rorschach" plots) from a measurement campaign with 

MobiLab in summer 2014 [Bonn et al., 2016; von Schneidemesser et al., 2018] and from measurements in 

the inner city area of Munich in Feb. 1997 [Kern et al., 1998].  The reactivity shares of alcohols (methanol, 

ethanol, and propanol), isoprene, and some aromatics (toluene, trimethylbenzenes) are highlighted in 

red, green, and mint green colours, respectively. ____________________________________________ 68 
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