Group A. 
Gas/Particle distribution

1. Clarification of sampling in the different levels

Level 1 sites:  

EMEP Filter Pack (daily)

· TIN, TIA 

· Separate gas + aerosol (with quality flag)

Low cost denuder (monthly)  

· Separate gas and aerosol (monthly) for independent QA/QC of FP
· May be used at additional national sites to improve site density
Level 2 sites:

· Annular denuder + Filterpack system as best daily reference OR

· Honeycombe denuder + Filterpack system.  OR

· Continuous denuder + steam jet aerosol collector systems OR

Level 3 sites:

· Different continuous methods applied in intensive campaign mode

· Inclusion of research campaigns with multiple groups a key sites

· Intensive comparison of different sampling methods

Interchange between Levels and Implementation Plan

· a flexible interchange between Level 2 and Level 3. It is not realistic for daily/hourly L2 methods to be 365 days a year in Level 2, noting that the L1 methods provide the long-term daily record.     

· Sites may be Level 1, but take on board selected Level 2 activities with eventual aim of eventually being Level 2 compliant – need to agree “critical threshold” of when Level 2 status achieved.

· Need for an implementation plan of the strategy (additional to the strategy and the EMEP sampling manual). This is necessary as a basis to clarify stages of ambition and help facilitate national underpinning funding.

2. Sampling frequency at Level 2 and Level 3

2.1. Diurnal sampling

· The importance of quantifying the diurnal variations was recognized.  

· One proposal to address this was to sample 12 hour day/night separately under Level 2.  This proposal was rejected,

· It was agreed that a better solution is to sample full diurnal variation properly (e.g. hourly) on a campaign/intensive period basis in Level 2.

· Given the range of techniques available, it is agreed to be fundamental that a flexible approach is necessary, and parties may choose between providing campaigns/intensive periods of hourly measurements or longer-term 24 hour records using manual daily denuder/filter pack systems as valid contributions to both Level 2 and Level 3.

2.2. Campaigns and Intensive Periods

It is strongly recommended that campaign and research studies (Level 3) at EMEP sites are better coordinated. ACCENT could be a means of facilitating this.

A distinction is needed to clarify the definition of different types of campaigns:

· Research campaigns:  Multiple groups, chemical components and comparison of methods focused as “one-off” events at Level 3 sites. 

· Intensive periods:  Sampling at Level 2 sites during key periods of a year on a repeated long-term basis during which high cost/high frequency methods are deployed.
Intensive periods and hourly/daily denuder measurements

· Recognizing that it is not realistic to require L2 sites to conduct daily annular denuder/FP or SJAC measurements 365 days a year,

· Accepting that there is a need to focus attention on the use of the these L2 measurements in modelling,

· It is recommended to define specific intensive periods of the year when the daily/hourly denuder and SJAC measurements should be made. 

· It is agreed to that the timing of such intensive periods should be coordinated between L2 sites. Agreement is needed on the timing strategy and the level of ambition. The conclusions should be incorporated in the Implementation Plan.

· It is recognized that the timing of the intensive periods depends on the methods to be deployed, e.g. for manual denuders, the first week of each month might be preferred;  for continuous denuder/SJAC systems, two specified months per year would be preferred. However the periods may differ between components. E.g. the NH3 emission in the spring is very short and if one week a month is chosen, these periods may be missed. Modellers need on the other hand longer periods so they can look at the transport pattern. 
· The coordination of L2 intensive periods is recommended to be a joint task for experimentalists and modellers within the TFMM. 

Funding of intensive periods and campaign measurements

· It is essential that Parties recognize the funding requirements for intensive periods as an integral part of the long term EMEP monitoring effort at the Super Sites.

· The funding basis for research campaigns at L3 sites should be considered by parties, but is also expected to be supplemented by specific national and European research projects. 

3. Coating material for denuders and filters

· Acid coatings of denuders are used to capture ammonia, while basic coatings used to capture acid gases.

· Similar acid/basic impregnations may be used for post denuder filters

Denuder coating for gaseous ammonia (denuder coating)

· Oxalic acid: too volatile and is not recommend

· Citric acid: develops nice crystals on the denuder surface, making it good for visual QC in preparing denuders. In warm climate it is observed a migration of citric acid to the second denuder and NH4 may migrate together with this.  

· Phosphorous acid is more stable in warmer climate. The CNR atm. group should be asked whether they know if this coating is OK in cold climate as well (CCC is responsible for this)

· Glass denuders should be soaked in KOH and then rinsed thoroughly in deionized water prior to acid coating to activate glass surface and ensure effective coating.

Denuder coating for gaseous nitric acid (+HCl, SO2 etc)

· KOH with glycerine is recommended, with the KOH converting to K2CO3.

· Glass denuders should be soaked in xxx M  xxx acid and then rinsed thoroughly in deionized water prior to KOH coating to activate glass surface and ensure effective coating.

Post denuder filters

· The same coating solutions may be used as impregnation solutions for filters

· Current practice suggests that precleaning filters does not improve the results and is not recommended

· For daily denuders, practice has included a Teflon filter followed by a KOH filter followed by a citric acid coated filter. Aerosol base cations and sulphate are collected on the Teflon filter with part of the ammonium nitrate and ammonium chloride.  Volatilized nitrate and chloride are captured on the KOH filter; volatilized ammonium is captured on the citric acid coated filter.

· For low-cost denuders, practice has avoided use of the Teflon filter and used the KOH filter to capture base nitrate, sulphate, chloride and base cations and the citric acid filter to capture ammonium (which is fully volatilized from the KOH filter).  (This method reduces cost, but excludes determination of aerosol potassium).

4. Methodological artefacts

· It is well established that there are significant artefacts associated with filter pack sampling of NH3/NH4+ and HNO3/NO3, as well as of HCl/Cl.  In warm conditions NH4NO3 and NH4Cl aerosol may volatilize from prefilters (and be recorded as the gases).  In moist conditions gases may collect on prefilters. 

· While these artefacts are a known problem with the EMEP daily filterpack, it is nevertheless recommended to report each of the gas and aerosol components separately, which should then be flagged appropriately as an FP estimate.

· The use of denuder/filter pack combination provides an approach to minimize the artefacts. Even these methods, however, may still associated with some smaller artefacts.

· HNO3 and HCl losses in inlet lines are significant.  Therefore a minimum inlet line should be used, as required to develop laminar flow (e.g. 2-10 cm, according to the system).  Long inlet lines (e.g. >0.2 m must be avoided).

· By contrast, for NH3, an inlet line (polyethylene or PFA) of >1 m can be used without significant differences.

· The high surface affinity of HNO3 and HCl has the consequence that size selection inlets (cyclones or impactors) may cause artefacts if used upstream of collection of these gases.  This problem cannot be avoided where size selection inlets are used for filterpacks.  With denuder sampling, the particle size selection device should be located after the denuder and before the post-denuder filter pack used to collect aerosols.

· Potential losses of volatile aerosol can occur inside or following denuders. This is because the gas-aerosol equilibrium is disturbed following depletion of the gases, making the aerosol liable to volatilize.  It is generally assumed that this effect is small, due to the small residence time in denuders, but the effect may increase volatilization from a post denuder cyclone/impactor or the Teflon filter of the filterpack.

· Given these interactions it is recommended that EMEP filter packs are continued without the use of a size segregating inlet (i.e. continue the current well established method). 

5. Corrections for imperfect or incomplete sampling

Imperfections in denuder coating vs particle deposition

· In annular denuders, where two denuders are used in series, practice has often assumed that the denuders are 100% efficient, so that material collected in the second denuder represents aerosol deposition.  In this, case the amount in the second denuder is subtracted from the first. 

· In the low-cost denuders, two denuders are always used in series, but here the purpose is to check on the denuder capture efficiency.  Experience here suggests that occasional failure is due to imperfectly coated denuders (or migration of ammonium citrate in warm conditions). In this case material collected in the second denuder is added to the first, together with a small correction for uncollected gas.  The correction is subtracted from the aerosol.  

· These two approaches in principle will result in different calculation of air concentrations between gas and aerosol.

· Where the systems operate well (i.e. only a small amount is captured in the second denuder), these differences make little effect on the calculations. However, further consideration of this issue is needed be made to ensure comparability of approaches.

Estimation of ammonium correction from nitrate

· In some implementations it has been argued that a filter pack following denuders to remove acid gases and ammonia need only consist of a Teflon filter followed by a nylon filter.  

· In this method the nitrate is estimated by the sum of nitrates collected on the Teflon and nylon filters.  For ammonium, it is assumed that the same amount of ammonium volatilizes from the Teflon filter as for nitrate. As the volatilized ammonium is not measured, this assumption is used as a means to correct for the volatilization of ammonium from the Teflon filter.

· This method has been motivated by difficulties to obtain sufficiently low blanks for ammonium, but introduces the uncertainty that the amount of ammonium volatilized from the Teflon filter may be larger than amount of nitrate volatilized.

· Given these uncertainties, where possible it is recommended to measure each component directly.

Estimation of aerosol nitrate and ammonium by difference between methods

· Another method proposed to obtain the correct partitioning between aerosol and gas for nitrogen species is to combine filter pack sampling of TIN, TIA with daily denuder sampling.  In this possible approach, the aerosol would be calculated as:

· Aerosol NO3-  = TINfilterpack – HNO3denuder
· Aerosol NH4+ = TIAfilterpack – NH3denuder
· This approach has been motivated by the concern that there might be losses of aerosol in denuder systems that do not reach the post denuder filter packs (e.g. in denuders, or inlet lines).
· Groups with experience of using denuders suggest that (with the possible exception of large particles) the internal deposition of particles appears to be trivial.  Therefore the disbenefit of additional uncertainty due to calculations by difference would outweigh the potential advantage.  The approach is therefore not in general recommended.

· By contrast, it is recommended that this approach would be useful as a basis for further tests of internal losses for large particles (Level 3 activity).

· This point may not be an issue for open-face filterpacks and low-cost denuders, since these do not efficiently sample large particle sizes.

6. QA/QC 

It was agreed that sound quality assurance and quality control is vital for measurements of the gas particle components. Each method used needs to incorporate both sound QA and QC approaches.

Daily filterpacks and daily annular denuders

The QA and QC approaches are already described in the EMEP sampling manual.

Low cost denuders

· Standard good laboratory and field practice form the basis of the QA approaches, including a design with short 2 cm “end tubes” onto which closure caps are placed (avoiding site operator contact with the open ends of the denuders for analysis.

· For QC two main elements are used:

· Two denuders in series are used for every sample (to calculate denuder sampling efficiency, in relation to the quality of denuder coating).

· A minimum sample flow rate is applied, to highlight problems of pump failure or system leaks.

· Based on discussion in the group it is recommended that parallel sampling with the low cost denuders is recommended to demonstrate robust results.  In particular groups applying the approach for the first time are recommended to run 2-3 systems in parallel for at least 1 year. 

· A manual for the DELTA low cost denuder method is available and will be made available for parties applying the approach.  In due course it is recommended to host a training and evaluation workshop in this method.

Passive sampling

· Passive sampling methods are not currently available for HNO3, or aerosol NH4+ or NO3-.  However, methods for passive sampling of NH3 are widely established.  

· Passive sampling of ammonia can provide a valuable technique for assessing local spatial variability as well as the representativity of EMEP sites. 

· While passive sampling of ammonia has been shown by some groups to work well, it can also fail spectacularly, usually with overestimation of ammonia concentrations.  

· Methods tend to fail when they are applied at levels lower than the suitable detection limit of the approach and when poor attention is made to treatment of blanks and pre- post- sample storage. 

· Artefacts can be minimized by using high sensitivity passive samplers (e.g. IVL Ferm sampler, CEH Alpha sampler), by careful handling in the field (gloves) and by protection of samplers before and after exposure.

· A common artefact is occasional contamination of a sampler.  To deal with this, it recommended as essential that all passive sampling utilize replicate sampling (e.g. triplicate samplers used for every sample period).  Where the coefficient of variation is larger than an acceptable threshold (e.g. 25%) then samplers fail the quality control standard.

· Given the range of different methods in use, it is not reasonable to impose a standard method.  By contrast, if a method is to be used in the EMEP program, the method should be demonstrated as equivalent (or calibrated) to a denuder reference method.  

· The demonstration of equivalence should include permanent parallel sampling of passive and denuder methods at common sites across the full range of encountered air concentrations. This is necessary, as performance needs to be demonstrated across relevant concentration ranges and to deal with the known changes in sampler performance associated with changes of the chemical analyst.

Calibration methods for continuous sampling techniques

· It is recognized that calibration of the continuous sampling methods is critical for their operation in the EMEP network. This issue applies both for gas sampling, e.g. AMANDA and AMOR denuders,  mini-WEDD systems and steam jet aerosol collection systems.  

· These systems are generally calibrated by measuring mass airflow and by conducting calibration against aqueous standards in the field.  It is recognized that regular calibration is essential as performance of these systems can vary substantially over days and weeks. 

· It is noted that in the new GRAEGOR / SJAC systems that a standard calibration including bromide is used for all samples as an additional quality check. 

· It is also recommended that these systems are checked against permeation sources, where available (e.g. for SO2). 

