
Concept note for EMEP intensive measurement period (EIMP) on 

ozone episodes, summer 2022 and 2023 
 

Background 
Tropospheric ozone is an adverse environmental and health problem in Europe, and it is of great 

concern that high ozone episodes typically are underpredicted by atmospheric transport models. Fig 

1 shows an example of an episode during the summer heat wave in 2018 where the EMEP model 

underestimates the observations. It is not clear 

if this relates to underestimation of emissions of 

ozone precursors during these episodes or if it 

reflects deficiencies in the parametrisation of 

the physio-chemical processes e.g. linked to 

ozone formation or dry deposition that might 

differ in these episodes compared to normal 

conditions. Secondary organic aerosol (SOA) 

generated by gas-phase oxidation of volatile 

organic compounds (VOCs) is another major 

pollutant of concern during extreme ozone 

episodes that is proven difficult to reproduce by 

models and which contributes to the adverse 

health effects caused by secondary air 

pollutants. Hence, the EMEP Task Force on 

Measurement and Modelling (TFMM) will initiate an intensive measurement period (IMP) on high 

ozone episodes in Europe, focusing on widening and complementing existing VOC measurements to 

improve current understanding of these episodes as the primary goal. A secondary goal of the EIMP is 

to assess the formation of SOA during these episodes, and that focus will be on biogenic SOA (BSOA), 

addressed by organic tracer analysis. 

Oxidation of VOCs create ozone (when NOx is present at a 

sufficient level) and these species are currently measured 

at 19 EMEP (and ACTRIS) sites across Europe (Fig. 2). The 

network is not targeted particularly for the ozone episodes. 

It is particularly challenging that only a very few sites are 

measuring oxygenated VOCs (OVOCs), and there is a 

particular need for more observations of aldehydes, and 

especially formaldehyde.  Terpenes (i.e. α-pinene and 

limonene) has traditionally not part of the EMEP VOC 

programme (but in GAW) and only one site has reported 

these compounds to EMEP the later years. Terpenes are 

especially important precursors for secondary organic 

aerosols. Furthermore, the current monitoring of carbonyls 

includes only 1-2 samples per week. The summer 2022 and 

2023 EIMPs aim to include observations of critical VOCs 

during high ozone episodes across Europe, to benefit from existing observations, and by this 

complement and improve current knowledge of ozone chemistry and ongoing VOC observations in 

EMEP.  

Fig 2. EMEP monitoring programme of 

VOC in 2019, Solberg et al. (2021) 

Fig 1. Modelled and measured daily max ozone 

[ppb] 4 July 2018. Data from EMEP and Airbase 

sites below 500 m asl are shown, (EMEP 2020) 



Many VOC measurements in Europe are spot samples, thus the timing of ozone episodes and VOC 

sampling does not necessarily co-locate in time. For the EIMPs, sampling of VOC will be coordinated 

across the sites and timed in accordance to forecasted ozone episodes. Daily sampling for one week 

period will be conducted at all the sites to evaluate how the episode evolve in time and space. 

Adsorbents, canisters and Tenax tubes will be sent to participating sites to get a complete sampling of 

all relevant VOCs. For sites which do have regular VOC monitoring but not complete programme, 

manual samples will be sent out for measuring missing components, though at some selected 

operating sites parallel sampling will be conducted for comparison of methodologies. 

The IMP will be conducted in close cooperation with the European infrastructure ACTRIS and RI-

Urbans, as well as the ACROSS Campaign in Paris planned for summer 2022. 

VOC components to be measured (the core campaign) 
To measure the relevant VOCs it is necessary to use several different sampling devices and analytical 

instrumentation: 

• Canister air sampler and analysis with a GC-MS/FID system. Grab samples of air that will be 

analysed for hydrocarbons (C2-C10) including ethane, propane, butanes, pentanes, isoprene, 

acetylene, ethene, propene, heptane, octane and aromatic compounds such as benzene, 

toluene, ethylbenzene 

• DNPH cartridge and analysis by HPLC/UV.  Samples of 4 hours that will be analysed for most 
C1 to C4 aldehydes and ketones (OVOCs): Methanal (formaldehyde), ethanal (acetaldehyde), 
propanal, butanales (sum of all), 2-propenal (acrolein), 2-methylpropenal (methacrolein), 2-
oxopropanal (methylglyoxal), Propanone (acetone), Butanone, 3-buten-2-one (methyl vinyl 
ketone), ethanedial (glyoxal) 

• Tenax tubes and analysis with a GC system. Samples of 4 hours that will be analyse of mono- 
and sesquiterpenoids (i.e. alpha and beta-pinene, limonene, myrcene, linalool, terpinolene, 
camphene), C8-C10 alkenes, C6-C9 aromatic hydrocarbons and probably even longer chain 
alkenes (C11-C16) and aromatic hydrocarbons (C10-C14) 
  

Secondary organic aerosols (optional) 
Secondary pollutants are a continuum of gases and aerosols 

largely of carbonaceous content of which SOA are oxidation 

products of VOCs partitioning to the particulate phase by 

condensation and/or nucleation, and thus a sink of various 

VOCs. 2-metyltetrols are oxidation products of isoprene 

(Claeys et al., 2004), whereas 3-MBTCA is an oxidation 

product of the montoterpene α-pinene (Kubátová et al., 

2000; Jaoui et al., 2005)-These constitute BSOA formed 

from the major sources of biogenic VOCs. The close 

association between observed levels of 2-methyltetrols and 

modelled concentrations of isoprene is illustrated in Fig. 3. 

Addressing the importance of these BSOA tracers during 

high ozone episodes requires that they are included in 

studies showing their temporal and spatial variation across 

Europe. However, open access European timeseries of the 

suggested BSOA tracers are limited to two sites for the 2-

methyltetrols (Yttri et al., 2021 and Yttri et al., in prep.) and they are included in a very few European 

 

Fig 3. Observed levels of 2-methyltetrols 

and modelled concentrations of isoprene 

at Birkenes in 2018 (EMEP, 2020). 



studies (e.g. Ion et al., 2005; Zhang et al., 2010). Hence, this must be included in EIMP by analysing a 

number of the samples for BSOA before, during and after the ozone episodes.  

Setup for the campaign 
In the 2022 campaign the intensive week will be one week in the period 13 June – 25 July 2022 to 

draw mutual benefit on the ACROSS (Atmospheric ChemistRy Of the Suburban foreSt) project which 

has a campaign in that period. ACROSS focuses on scientific research to understand the detailed 

chemistry and physics of urban air mixed with biogenic emissions (https://across.cnrs.fr)  

A modelling team will look at forecast and decide when to start the campaign using the Copernicus 

CAMS product. When a widespread episode is forecasted the sites taking part in the IMP expose 

their adsorbents/canisters/tubes at a fixed time and duration (i.e between 12.00 and 16.00). 

• Sites with regular monitoring of ozone, NOx (or NO2) can participate.  

Preferably also PM and EC/OC. 

• Parties with regular EMEP VOC monitoring should supplement the observation to: 

o complement their analysis with the VOCs requested in the IMP.  

o increase sampling frequency to daily sampling 

o Equip sites with monitors if available (PTR-MS ToF, GC variants) 

• Centralised laboratories will distribute devices for manual sampling: 

o Canister air sampler:  non-methane hydrocarbons (NMHC) 

o DNPH cartridge: O-VOCs 

o Tenax tubes: monoterpenes 

• Around 7 samples will be exposed during one week period. One additional sample is 

exposed outside the ozone episode for reference. 

• For quality assurance/control, VOCs obtained by the approach used in the IMP should be 

compared to that regularly used in EMEP and run in parallel at 1-2 sites. 

Site selection: 

• Due to capacity in laboratory and available sampling devices, there will be a threshold of 

how many sites can participate. The exact number will be decided when a survey is 

conducted and more is known of the need of different samplers. 

• For the summer 2022 there will be a special focus on including sites in neighbouring 

countries to France to draw benefit from the planned ACROSS campaign in Paris 

For sites with EC/OC observations and the possibilities to add secondary organic aerosols (SOA) to 

the campaign: 

• Sites with collocated EC/OC measurements should collect aerosol filter samples during the 

episodes.   

• A part of the exposed filter should be provided for analysis of BSOA tracers (2-methyltetrols 

and 3-MBTCA) at a centralised laboratory. A need to identify laboratories which have 

possibility to analyse these tracers. 

• Sample duration of BSOA tracers equal that of OC/EC at each site, and thus depend on 

location. 

• Additional filter samples should be collected prior to and/or after the episode for 

comparison/reference.  

• Source allocation of the organic mass (OM) from ACSM observations can be a very useful 

supplement to understand the importance of (B)SOA at sites performing such measurements. 



Centralised labs and details of sampling lines 
• Canisters, responsible laboratory: Forschungszentrum Jülich.  

6L Restek-SilcoCans will be used for sampling. In order to efficiently destroy the ozone a pre 

filter with sodium thiosulfate is needed combined with a reduced flow. A capillary will be 

installed by the centralised laboratory to every cylinder which would reduce the sampling 

flow to 100-200ml/min resulting in a sampling time of 15-30min for a 3l-sample. The 

cylinders are filled up to 500mbar to keep the flow constant.   

• Tenax tubes, responsible laboratory: Finnish meteorological Institute (FMI). 

Ozone scrubber using a sodium thiosulfate filter traps will be prepared by the centralised 

laboratory. The participants would need a pump and a mass flow controller or some flow 

restrictor (e.g. needle valve)+flow meter to sample ~80 ml/min through the sorbent tubes. 

• DNPH cartridges, responsible laboratory: ITM-Nord, France 

Ozone scrubber and tubings will be prepared by the centralised laboratory. The sampling is 

conducted at a flow of 1L/min during 4 hours. The site will need 

o A Mass Flow Controller (MFC) (with its operating unit to set the flow), of 1 or 2 

(better) L/min 

o  A powerful enough pump  

OR  

o An automatic sampler which can be easily configured for the adequate sampling 

flows and duration 

Costs for VOC analysis 
The time to coordinate and evaluate the campaign will be covered by the EMEP project (for CCC) and 

other relevant project that the partners are involved in. The cost for the campaign will therefore 

mainly be associated with the analytical cost which needs to be financed by the participants. There is 

a possibility that some of the analysis can be sponsored. This might benefit selected sites of 

important geographical interest where national resources are limited.  

In addition to one week sampling there will be one additional sample for background and blanks.  

For the 7+1 samples during the campaign gives the following cost for the 2022: 

• DNPH incl. scrubber for OVOC:      = 2.000€ 

• Tenax incl. scrubber for terpenes and some C8-C10 HC:   = 1.550€ 

• Tenax: additional components:      =   450€ 

• Canisters incl. scrubber       = 2.400€ 

• Some shipping costs might be added 

Total 6.400 € per site  

The cost may be adjusted with less samples per site. Cost for SOA analysis will be added on a later 

stage 
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