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Ozone production deduced from offline precursor

measurements in Europe
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Introduction

local ozone production rate [ppb/h]

100

o —
—_——
—

1 : e Ryo, = kon+no, X [NO;]

1 10 100
Ryoc/ s

MCM3.2, 10min runtime, Summer conditions in

Germany, Jo,p=2.9x10°s? J\0,=8.4x1073s1

From: Ehlers, C., et al. (2016). "Twenty years of ambient
observations of nitrogen oxides

and specified hydrocarbons in air masses dominated by traffic
emissions in Germany." Faraday Discussions 189: 407-437.)
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’ Local ozone production is determined by
the ratio of VOC / NO,

HNO,
NO,
(OH
VOC
O,
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Local ozone production

In German inner cities o emissIons

Emission Class
PC Diesel Euro-6 Software Update
PC Diesel Euro-6
PC Diesel Euro-5 Software Update
PC Diesel Euro-5
PC Diesel Euro-4
PC Diesel Euro-3
PC Diesel Euro-2
PC Diesel Euro-1
PC Diesel conv
PC Gasoline Euro-6d-temp
PC Gasoline Euro-6
PC Gasoline Euro-5
PC Gasoline Euro—4
PC Gasoline Euro-3
PC Gasoline Euro-2
PC Gasoline Euro-1
PC Gasoline conv
Bicycles
Busses

local ozone production rate [ppb/h]

100

Emissions [g/km/#vehicle]

PC Elektro
PC CNG/LPG
« Total (incl. negative)

0.0 .
2000 2005 2010 2015 2020 2025 2030 i
Traffic:

ARt Year PC:0.873
- 1cold starts:20 km LDV:0.106

1 y e Emission benzene
..... Total emissions

0-025lIIlIllllI\IIlIlIllIllllllllI_ EmissionClass
1 PC Diesel Euro-6 Software Update
PC Diesel Euro-6
PC Diesel Euro-5 Software Update
PC Diesel Euro-5
PC Diesel Euro-4
PC Diesel Euro-3
PC Diesel Euro-2
PC Diesel Euro-1
PC Diesel conv
PC Gasoline Euro-6d-temp
PC Gasoline Euro-6
PC Gasoline Euro-5
PC Gasoline Euro-4
PC Gasoline Euro-3
PC Gasoline Euro-2
PC Gasoline Euro-1
PC Gasoline conv
Bicycles
Busses
HDV
LDV
PC Hybrid
PC Elektro
PC CNG/LPG
+ Total (incl. negative)

0.020

1 10 100
0.015

0.010

Before 2016: Small decrease In traffic
NOx emissions compared to the
decrease in VOC emission 0.000

2000 2005 2010 2015 2020 2025 2030 - Tt
ramc:
Year PGO.873_

Traffic emission in Germén IH.ner Citites (HBEFA4.2) l J U L I c H
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Local ozone production

In German inner cities o emissIons

Emission Class
PC Diesel Euro-6 Software Update
PC Diesel Euro-6
PC Diesel Euro-5 Software Update
PC Diesel Euro-5
PC Diesel Euro-4
PC Diesel Euro-3
PC Diesel Euro-2
PC Diesel Euro-1
PC Diesel conv
PC Gasoline Euro-6d-temp
PC Gasoline Euro-6
PC Gasoline Euro-5
PC Gasoline Euro—4
PC Gasoline Euro-3
PC Gasoline Euro-2
PC Gasoline Euro-1
PC Gasoline conv
Bicycles
Busses

local ozone production rate [ppb/h]

100

Emissions [g/km/#vehicle]

PC Elektro
PC CNG/LPG
« Total (incl. negative)

0.0 .
2000 2005 2010 2015 2020 2025 2030 i
Traffic:

ARt Year PC:0.873
- 1cold starts:20 km LDV:0.106

1 y e Emission benzene
..... Total emissions

0-025lIIlIllllI\IIlIlIllIllllllllI_ EmissionClass
1 PC Diesel Euro-6 Software Update
PC Diesel Euro-6
PC Diesel Euro-5 Software Update
PC Diesel Euro-5
PC Diesel Euro-4
PC Diesel Euro-3
PC Diesel Euro-2
PC Diesel Euro-1
PC Diesel conv
PC Gasoline Euro-6d-temp
PC Gasoline Euro-6
PC Gasoline Euro-5
PC Gasoline Euro-4
PC Gasoline Euro-3
PC Gasoline Euro-2
PC Gasoline Euro-1
PC Gasoline conv
Bicycles
Busses
HDV
LDV
PC Hybrid
PC Elektro
PC CNG/LPG
+ Total (incl. negative)

0.020

1 10 100
0.015

0.010

After 2016: Faster decrease in traffic
NOx emissions compared to the
decrease in VOC emission 0.000

2000 2005 2010 2015 2020 2025 2030 - Tt
ramc:
Year PGO.873_

Traffic emission in Germén IH.ner Citites (HBEFA4.2) l J U L I c H
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The EMEP 2022 intensive campaign

Offline canister measurements

EMEP NO, [ppb]
10.69

2.63
1.83
1.40
1.15
1.01
0.85
0.74
0.69
0.61
0.54
0.34
0.25
0.14
0.04

Mean summer NO, mixing ratio

(X ]
Pry @) JULICH
ANTBLS 25th TFMM meeting Page 5 Forschungszentrum

Warsaw



The EMEP 2022 intensive campaign

Offline canister measurements
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Mean VOC concentrations

Canister data + data from tenax tubes + OVOC DATA

Mean OH reactrivity

Mean mixing ratios
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Local ozone production
Averaged values 2022/07/12-2022/07/20 noon

local ozone production rate [ppb/h]

100-0 ° Dor!on

e llimitz

» Vielsalm

e La Coulonche

» Villeneuve dAscq

At all EMEP sites the

limited

0.1

1 10 100
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Local ozone production

Averaged values EMEP and Zurich

local ozone production rate [ppb/h]
(Summer Zuerich 2022)

100.0 « Donon
e Zuerich
o llimitz
» Vielsalm
e La Coulonche
10.04pN «» Villeneuve dAscq
PR - N e At all EMEP sites the
N\ (0 ’ ozone production is NOX
o e Y= limited
In Zurich NOx
it : ’ concentration is optimal
—4— for ozone production
1I 1l0 p 160
Rvoc/s
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Local ozone production in Zurich

Long term trend

local ozone production rate [pphb/h]

(Summer Zuerich 11AM-1PM) Month
2022-08

2022-07

Ozone precursors in Zuerich 100
Mean Summer Values 11AM-1PM

6g I I I I I I T I T T | I I I T | I I I I l I I é :zf::g:
— st - o
= ol
5 4F E o
E e TR e
> = 3 malkanes |  JRo 2014-06
> E I H ; 0 100
g % 1 |2 5w
5 f Measurements shows a
ofF | | | —: trend towards a higher
2000 2005 2010 2015 2020 ozone production rates
Year o . .
Zurich has a long record ’ Similiar to obserations in
of VOC and OVOC China
measurements

Wang, W., et al. (2024). "Ozone pollution mitigation strategy informed by long-term trends of atmospheric
oxidation capacity." Nature Geoscience 17(1): 20-25.
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NO, measurements in Zurich

Comparison of TDL data (MIRO FZJ) and data from molybdenum converters

10AR

tropospheric
ozone
assessment

reporrp&@w“

Exploring the Atmosphere

NO2 [ppb]
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20
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O Good agreement at night
(O Overestimation during the day
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Effect of the NO, measurement technique on
the calculated ozone production

local ozone production rate [ppb/h]

(Summer Zuerich 11AM-1PM) Month Measurments
100 2022-08 Wlth
- 2022-07
2022-07 mObedenum
2017-08 convertes lead
2017-07
- 10 2017-06 to an _ _
o 2016-08 underestimation
N 2016-07
S 01508 of ozone
o 2015-07 production at
1 2015-06 hlgh NOX

2014-08
2014-07
2014-06
2005-07

1 10 100

Q 2022 with Molybdenum Converter ‘ 2022 wiith NO2 from TDL
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Effect of the NO, measurement technique on
the calculated ozone production

local ozone production rate [ppb/h]

(Summer Zuerich 2022) M easu rments
100.0 « Donon .
o Zuerich with
* Vielsaim Ivbd
e La Coulonche molybaenum
10.0p%  Villeneuve dAscq| convertes lead
R\ Ay T to an
o | A T e .
~., T A0 e overestimation
2 1S of ozone
< (S (N :
(& production at
0.1- o s IOW NOX
1 S 10 00
Rvoc/s
Molybdenum Converter Photolytical Converter
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EMEP intensive campaign 2022 summary

Biogenic compounds (mainly isoprene) and OVOCs are the main contributors
of the OH loss at the EMEP sites

Ozone production at the EMEP sites are NOx limited

Using NO, data from Molybdenum CL instruments lead to an over- or
underestimation of ozone production

’ In Zurich, the VOC to Nox ratio is optimal for ozone production

9 JULICH
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VOC in German inner cities

From mobile measurements

Distribution of VOCs can be deduced by
mobile measurements

Stuttgart ethanol [ppb] Stuttgart ethanol [ppb]
N|||,||||||||||p.|~||||||||| 398.8 Nlrllllrlll.ljglgllllﬂ|||ll 3988
g 1k o LT L l 1452 F P ] l 1452
a s | | 528 4879 i 528
; - k. ) : 313 k : | 313
48 8 BT 3 o ol? A X 209 B | 209
‘ o| ? o 16.6 4878 ) 16.6
) - )

3 %~ é - ' W s % 127 3 - - 127
§ L = e SR 13 § ~ g 13
w7l g i VA : 86 48.771= ¥ 8.6
Tlgi g2 ) — 5.2 : ‘e \ 5.6
e X T 4 4876 A 5
- e e | 34 g ! 34
- g = i 23 L i 23
L5 (T I o Y e o v e 1 T s SR 16 S ERRINE kDY (o S |y (N ) 16
W 9.0 91 92 93 E 06 w 917 919 921 923 E 06

Longitude Longitude

PER @) JULICH
ACTRIS 25th TFMM meeting Page 15 Forschungszentrum

Warsaw



VOC in German inner cities
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Ethanol correlates well wittraffic-related
emissions
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’ Still, ethanol correlates well with, e.g, benzene and toluene
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Ethanol is a technical product

The ratio of
ethanol to to its
denaturating
agent methyl

’ ethyl ketone
agrees to the
values prescribed
in EU and
Germany

ACTRIS
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Ethanol concentration corelates with traffic

Stuttgart Metropolian Area

s bl tnhabitars petan’ All Year Population 100m Diameter
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’ The situation is different to the US where population density is higher

Gkatzelis, G. I, Coggon, M. M., McDonald, B. C,, Peischl, J., Aikin, K. C,, Gilman, J. B., Trainer, M., and Warneke, C.:
(X

Identifying Volatile Chemical Product Tracer Compounds in U.S. Cities, Environ. Sci. Technol., 55, 188-199,
10.1021/acs.est.0c05467, 2021.
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Ethanol from windscreen washer fluid

The ratio of Ethanol
to CO, corresponds
to the ratio of

Ethanol

’ consumption in
windscreen washer
fluid to traffic CO,
emission as
reported by Finland
and Sweden to the

EU

WOC sources mg veh km'

24 J
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‘i

Cliff, S. J., et al. (2023). "Unreported VOC Emissions from Road Transport

CO, [ppm]

Including from Electric Vehicles." Environmental Science & Technology 57(21):

8026-8034.
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100.0

W

Karadurmus et al. The use of windshield washer fluids as the major source of elevated ethanol concentrations in
German urban air (In Preparation)
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Thank you / Dzieki

Thérése Salameh, Heidi Hellén, Stefan Reimann for providing data

Iris Buxbau, Marie Dury, Laurent Poulain, Elias Diaz, Emmanuel Stuart Ritchie the sites for sampling
EMEP, ACTRIS and German Federal Ministry of Education and Research for Funding

EMEP Task Force on Measurements and Modelling (TFMM) for organising the campaign
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Analysis

pneumatic valve system
pump carrier gas

« Canisters were be pressurized 80 mi/mip ~ (hydrogen)
and analysed with GC/MS/FID i |4 SilEateal bl
Ll as

lalyst ™ overflow
Quantification was done by FID o
(according to SOP for VOC) me orifice
P I silcosteel
+ Separation is done with a 120 m * “sample loop
DB1 column ® (m
_ . bt S liquid nitrogen
« Calibration: 74-component - MSD it
sample - ~Heating resistor
standard nmhc gas standard orepFetioh 3um Film
system gas-chromatograph cryogenic preconcentration

* OVOC gas standard NPL
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Analysis

» Canisters were be pressurized
and analysed with GC/MS/FID
Quantification is done by FID

» Separation is done with a 120 m
DB1 column

vl

 Calibration: 74-component
standard nmhc gas standard

*+ OVOC gas standard NPL

 VOCs from C2to C12 are
separated
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Analysis

» Canisters were be pressurized
and analysed with GC/MS/FID
Quantification is done by FID

» Separation is done with a 120 m
DB1 column

 Calibration: 74-component
standard nmhc gas standard

*+ OVOC gas standard NPL

 VOCs from C2to C12 are
separated

« Standard agrees for most of the
compound to the WCC-VOC
standard
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Ozone Interference

 (Ozone can react in the canister

» Use of an ozone scrubber with

Sodium thiosulfate prevents ozone

from entering into the canister
according to Helmig et al.

gap between capillary
_and ozone scrubber

rubber tu bé

Fig. 1
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