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Islisbergtunnel measurement and sampling campaign for studying vehicle emissions - Part 2
14-June – 2-July 2011

M. E. Popa, IMAU, Utrecht University, the Netherlands

Host: M. Vollmer, EMPA, Dübendorf, Switzerland
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1. Purpose of the visit 
A measurement and sampling campaign at the Islisberg highway tunnel (Switzerland) has been planned with the purpose to study trace gas emissions of the present car fleet. The tunnel setting offers the special opportunity to study emissions from vehicles without interference from other sources or sinks.  

This visit had two main objectives:
- setting up in-situ, continuous measurements of H2 and CO;

- extensive flask sampling for various measurements at MPI-BGC (Jena, Germany), EMPA (Duebendorf Switzerland) and IMAU (Utrecht, Netherlands).

The main scientific points of interest are as follows: 

- H2 and CO emission factors, and H2:CO ratios for the present vehicle fleet;
- Isotopic composition of H2 and CO from vehicle emissions;
- CO:CO2 ratios of vehicle emissions;
- O2:CO2 ratios of vehicle emissions;
- 13C and 18O in CO2 from vehicle emissions;
The first question will be answered using the in-situ H2 and CO measurements, together with traffic count data. The isotopic composition of H2 and CO will be determined by flask measurements at IMAU, Utrecht.  CO:CO2 ratios, O2:CO2 ratios and 13C and 18O in CO2 will be determined by flask measurements at MPI-BGC.

2. Description of the work carried out during the visit
2.1. Site description

The Islisbergtunnel is a 5 km long, relatively new highway tunnel in Switzerland, approximately 10 km SE of Zurich. Important for our measurements, the tunnel has a separate bore for each traffic direction and no active ventilation during normal use. We have thus a “clean” side and a “polluted” side, and a stable wind direction through the tunnel given by the traffic direction.

Measurements of pollutants are performed since June 2011 by AWEL (Amt fur Abfall, Wasser, Energie und Luft, Zurich) at two sites in the tunnel, via pre-installed sampling tubing. At the “entrance” site, air is sampled inside the tunnel at about 70 m from the entrance.  At the “exit” site, air is sampled inside the tunnel at about 100 m from the tunnel exit. At both sampling sites, air is drawn by a pump via 14 mm Teflon tubing  at a flow rate of about 30 l /min; on the inlet side (the low pressure side) of the pump, a glass distributor with five outlets allows directing  streams of air to instruments and sampling devices. 

2.2. Work done
In-situ H2 and CO measurements

Two Reduction Gas Analyzers (RGA) were installed for in-situ measurements in the tunnel, one at the entrance and one at the exit site. The two instruments are provided by EMPA and needed relatively few modifications for the installation at the tunnel (about one day for each). The normal measurement procedure involves alternating analyses of air samples and reference gas from a high pressure cylinder with known mole fractions. One air measurement is done every approximately 15 min. The two instruments will be running continuously until the last week of July; the maintenance after 2-July will be done by the EMPA personnel.
Preparation of the flask sampling devices

A first flask sampler was built at IMAU and shipped to EMPA together with the glass flasks. A second flask sampler was built at EMPA during the visit. Both samplers were built using parts that have been proven safe for samples that are intended for oxygen measurements:  oil-free KNF diaphragm pumps, stainless steel and Synflex tubing, Swagelok stainless steel valves and fittings. Drying traps made of stainless steel and filled with magnesium perchlorate (Mg(ClO4)2) and glass wool were made at EMPA for both samplers. 
36-hours flask sampling

An intensive flask sampling action took place between 21-June 16:00 and 22-June 22:00. Flasks were filled in parallel at the entrance and exit of the tunnel, with the two samplers. Sets of flasks were filled every few hours, over the whole 36 hours interval, with more frequent sampling (every hour) during the morning and evening traffic peaks. The exit samples were filled 15 min later that the entrance ones, based on the average wind speed through the tunnel, and the length of the tunnel. At the entrance site, two flasks were filled in series – one for MPI-BGC and one for IMAU. At the exit site, a two-liter flask was added (the third in series) for possible measurements at EMPA. The flasks at the exit site will probably need several dilution steps before being measured at MPI-BGC for CO, CO2 and H2. 
Flask sampling procedure.

After a few-minutes flushing of the inlet line, the valves of the flasks were open and the flasks were flushed for at least 15 min, at a flow rate of about 2 l/min and a pressure of 1.7 bar a. After 15 min, the sampler inlet and outlet valves were closed at the same time, and then the valves of the flasks were closed within a few seconds. The final pressure inside the flasks is 1.7 bar a, the same as the flushing pressure. The Mg(ClO4)2 inside the drying traps was renewed every 3-5 samplings.  

Flask sampling for low concentrations
A second series of flask samples were filled at the entrance site during several days as follows: one pair of flasks was filled at the normal entrance sampling site (about 70 m inside the tunnel) using one of the samplers; a second pair of flasks was filled outside of the tunnel at few meters from the opening.  These flasks were only filled during daytime well mixed conditions, when we can assume that the air at the close to the opening of the tunnel is representative for the air that actually enters the tunnel.  These flasks will be measured without necessitating a prior dilution.
Tests for the flask sampling devices

Several tests were performed in order to verify the flask sampling quality. Flasks were filled using the normal procedure and then measured directly with the on-site RGA instruments. Since the tunnel air measurements had to be interrupted for this, the flasks for the sampling tests were measured after the two main flask sampling actions were done. The results of the first two sampling tests were unexpected, thus more test were necessary in order to find the cause.
Comparisons of the two RGAs
Several means were / will be employed for ensuring that the values measured by the two RGAs at the entrance and exit of the tunnel are directly comparable. A number of flasks with both high and low mole fractions were measured in-situ on both RGA instruments. A high pressure cylinder that provides the link with the MPI-BGC calibration scales was also analyzed on both instruments. The results of these comparisons can only be assessed after the final mole fraction calculation, which will have to take into account the non-linearity of the two RGAs. 
Database

Since a large number of flasks have been filled, and these will have to be measured at different institutes, a database was created for a better management of these flasks (still in work).
Website

A small website was created (https://sites.google.com/site/islisberg2011/, still partly in construction) as a communication tool between the scientists involved, and possibly with external scientists. The access to this website is restricted, but interested scientists can ask for a username / password. 
2.3. Problems encountered
Possible O2/N2 fractionation

The sampling setup might affect the O2/N2 ratios by fractionation. We tried to minimize the fractionation by flushing the flasks without pressure fluctuations. However, we will know if the O2/N2 ratios in the flasks were affected only after the first measurements at MPI-BGC. A method to detect possible fractionation effects in flasks is measuring the Ar/N2 ratios in the same flasks. Tropospheric Ar/N2 has very little variability; on the other hand, the same fractionation phenomena that affect O2/N2 would produce much larger effects in Ar/N2. Thus the Ar/N2 values can be used to recognize possible fractionation phenomena that could affect the O2/N2 values in the sampled air.

Differences between flasks filled together
The first tests we made to verify the flask sampling devices gave results that were at a first view surprising: the two or three flasks filled at the same time in series were significantly different, in both CO and H2. More tests were necessary to verify that the differences between the flasks were not due to any sampling error; we suspected a contamination in the MPI flasks or a contamination from the drying traps (stainless steel filled with magnesium perchlorate and glass wool). Further tests showed that the difference between the flasks sampled at the same time persists when using two identical IMAU flasks, when sampling without the drying trap, and when sampling outside the tunnel near the highway (thus without using the glass distributor inlet in the tunnel).  The (preliminary) conclusion is that we actually have air with different characteristics in the two or three flasks filled in series, which becomes important due to the huge short term variability of the mole fractions (can be 1000-2000 ppb over seconds to minutes, for both CO and H2). In this case the first flask acts like a volume buffer / integrator for the second flask, thus the variability seen by the second flask is reduced.
After this finding, the flask measurement strategy will have to be reconsidered. For example, the initial plan was to measure the H2 and CO isotopes at IMAU (in one of the flasks of each pair) and the H2 and CO mole fractions at MPI-BGC (in the other flask of the pair). This approach cannot be employed anymore if we assume that we have different air in the two flasks. In this situation, we will have to find a way to measure the mole fractions and the isotopic composition of H2 and CO in the same flask. 
3. Description of the main results obtained

3.1. In-situ measurements

Mole fractions of H2 and CO were measured in-situ at the entrance and exit of the tunnel, starting from 17-June-2011, until the last week of July.  The preliminary results show mole fractions close to the ambient values at the entrance site, and highly polluted at the exit site (typically 1000 – 3000 ppb for both CO and H2). The final values however can be estimated only after characterizing the non-linearity of each instrument, as the RGA instruments are known as highly non-linear. 

3.2. Flask sampling

In total, 132 flasks have been filled during the campaign. These flasks will be analyzed as follows:
- 57 flasks will be analyzed at EMPA for H2 and CO mole fractions, then sent to IMAU for H2 and CO isotopic analysis

- 56 flasks will be sent to MPI-BGC for CO2, CO, N2O, O2/N2 and CO2 isotopes analysis

- 19 two-liter flasks will travel at all three institutes (MPI-BGC, EMPA and IMAU) and will be analyzed for all species of interest. The two-liter flasks are the only ones that contain enough gas for this to be possible. 
4. Future work

4.1. Non-linearity characterization of the EMPA - RGA instruments

RGA instruments are known for their non-linearity. Thus a one point calibration is not sufficient for determining the mole fractions of the measured gas. A dilution series covering the whole range of the measured values (from normal atmospheric level up to approximately 6000 ppb for both H2 and CO) will be produced and used for a complete calibration of the instruments. We will use 3-litres 4-bar steel canisters, which will be measured on both instruments. This will also ensure the inter-comparability of the results from the two sides of the tunnel.  This operation will be done in-situ (in the tunnel) in the period 21-26-July. 
4.2. Final data processing for the in-situ H2 and CO measurements: will be done by M. Vollmer, using the GCWerks software.

4.3. Flask measurements at EMPA, MPI-BGC and IMAU

At MPI-BGC, the flasks will be analyzed on the existing system during the next few months. Some of the flasks filled at the exit side of the tunnel, which have high concentrations, will probably have to be diluted prior to analysis. This is still to be discussed.
At EMPA, the H2 and CO measurements will be performed during the next several weeks, using the instrument that has been running at the high concentration side in the tunnel.

At IMAU, the instrument for H2 isotopes is currently being refurbished. It is expected that the flask measurements for H2 and CO isotopes can start in October. 

4.4 Interpretation and publication of the results

We plan to have all the final data within 6 months, after which the analysis and interpretation of the results will be possible. Depending on the results obtained, we expect to publish the results in one or more peer reviewed articles, preferably in open access journals.

5. Other comments

The visit had to be extended by several days for additional sampling tests, in order to explain the differences we found between flasks sampled at the same time, as described above. The visit was planned for 14-27 June, and was extended till 2-July.    
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Fig. 1. Location of Islisbergtunnel
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Fig. 2. The RGA analyzer (the green instrument) installed at the entrance site, in the tunnel maintenance area.
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Fig. 3. The glass distributor for air sampling. The blue arrows show the sample flow direction. The first two sampling tubes (black, Synflex) are the ones we used for the in-situ RGA measurements and for the flask sampler. This sampling design could lead to significant O2/N2 fractionation, due to dividing the air stream under pressure and / or temperature gradients.
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Fig. 4. The flask sampler built at EMPA, with two one-liter and a two-liter flasks installed. 
