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The questions should be clearly answered (e.g. agree or disagree) with explanations and implications to the responder (and others if possible) (e.g. in terms of cost for investments, comparability with the past calibrations etc).
Please send your answers to: 
barouch.giechaskiel@jrc.ec.europa.eu
giorgio.martini@jrc.ec.europa.eu

PNC calibration
Reference PNC (secondary method): At the moment there are no requirements for the reference PNC.
Suggestion: The reference PNC should have a counting efficiency of >90% at 23nm. This correction should be applied at the counting efficiency test. The reference PNC should be full flow.
Comments: ISO requires a reference PNC to be used in the plateau region. If the d50% will be reduced to 10 nm, then the reference PNC should be eg around 5 nm. Are there full flow PNCs with such d50 available?

Non linearity: At the moment a ±10% difference is allowed for each concentration examined. The slope should also be within 0.9 and 1.1.
Suggestion: Leave the slope between 0.9 and 1.1. However the difference at each concentration should be within ±3% of the slope.
Comments: Seems possible but ±5% might be more practical.

k factor: At the moment it is not specified if it should applied or not during calibration or validation.
Suggestion: It should be applied and the limits should be with k factor included.
Comments: This might result in out of the limit the counting efficiency of the 23nm for many PNCs in the market.

Material: For the cut-off check emery oil or CAST is specified (in the AEA document 2007).
Suggestion: Keep emery oil and for any other material provide correlation factor (and apply them). 
Comments: CAST (or Spark discharge) is preferable as closer to soot and can be used for VPR calibration as well. Repeatability – Reproducibility studies are needed. For 10 nm PNCs all materials seem ok.

ISO 27891: At the moment there is no reference to the ISO standard (because until now it was not available). 
Suggestion 1: It should be followed. However, it would probably mean higher calibration costs.
Suggestion 2: Include parts that decrease uncertainties. For example, some of them could be included: 
· Multiply charged correction and limitation (<10% of multiply charged particles)
· Setup requirements 
· Repetitions / procedure
· Flow corrections
· Possibility to calibrate at lower than 1000 p/cm3
· Added uncertainty in the calibration certificate
Comments: Traceability chain chart should be provided by ISO to ensure that any recommendations /suggestions improve the traceability.

Other topics: Other topics not covered above. For example:
Cut-off criteria: At the moment they are based on the 23nm and 41nm counting efficiencies. A steep PNC might have difficulties in reproducibility of the d50%. Are there any suggestions for steepness criteria?
Drift (not calibration related): 


VPR calibration
Setup: At the moment the setup for the VPR calibration is not described in detail. Based on the VPR Round Robin the following minimum requirements should be added:

Calibration PNC: The PNC or PNCs used for the calibration should have a calibration certificate and a minimum d50% at 10nm or lower (or >90% efficiency at 23 nm). In addition:
· For the one PNC method a ‘monitor’ PNC is required to check the stability of the aerosol when the calibration PNC changes positions.
· For the two PNCs method the two PNCs should be inter-calibrated at the concentration range of the VPR calibration. This is necessary in order to minimize the (non) linearity issues.
The PNCs concentrations shall be normalized to the conditions taking into account pressure and temperature conditions at the location they were used during calibration.

Stability criterion: 
Suggestion: Decrease from 10% to 3%.
· For the one PNC method the ‘monitor’ PNC concentration has to remain within the stability criterion during the determination of a VPR setting. Note that the monitor PNC is necessary.
· For the two PNCs method the stability criterion refers to the change of the concentration during a VPR determination setting.

Neutralizers: One neutralizer upstream of the DMA is the minimum requirement. A second downstream of the DMA is not required but can be used. 
Comment: What about CAST that has similar charge distribution due to the generation method and is not highly charged? It could be used without neutralizer.

Material: The VPR round robin report didn’t show differences for the following materials:
· Spark discharge graphite generator
· CAST with thermal pretreatment that includes hot dilution and evaporation tube (at temperature >VPR) with adequate residence time.
· NaCl with thermal pre-treatment and humidity removal.
· Silver with thermal pre-treatment (sintering)
Thus the document could remain as it is: The material should be thermally stable at the temperature of the VPR.
Comment: If systems will be used to measure from 10 nm, then some of the above materials might have difficulties in achieving adequate concentration. However, the material decision can be postponed until the change of the lower size of the systems.
Comment: The VPR round robin used a system with minor size dependent losses and thus spherical or fractal particles might have an effect on the PCRFs at 30 nm. This needs to be addressed.

Penetration: At the moment no definition is given. 
Suggestion for WLTC: The penetration at 100 nm shall be calculated as: 
Pen(100)=DF / PCRF(100)
The dilution factor (DF) shall be measured or determined for each setting of the VPR. The measurement or determination can be done either with trace gases, or flow measurement, by a suitable technical services organization. Example of trace gas DF determination is given in the AEA document.
Comment: The DF based on flows depends on the design of the system and can be used if provided by the manufacturer. However it has to be shown at least once for the family of instruments the equivalency with a trace gas.

Polydisperse check: At the moment no definitions are given. Based on a theoretical investigation a polydisperse size distribution with GMD around 50 nm and GSD around 1.8 can be used to give (validate)  the mean PCRF. See SAE 2012-01-0873
Any material from the above can be used.

Tetracontane(C40) volatile removal efficiency: At the moment the C40 tests is ‘too easy’ for all particle number measurement systems. There are also concerns for its capability to distinguish good from bad systems. The counting efficiency of the PNCs seems to be affected by the generation method of the C40.
Suggestion 1: The C40 should be produced with oxygen (no N2). In addition, the efficiency test should be conducted with a PNC with d50% at 10 nm or lower (or >90% at 23 nm).
[bookmark: _GoBack]Suggestion 2: Increase the stringency of the requirements: E.g.: Achieve >99.9% (instead of 99%) removal of 30 nm tetracontane particles with an inlet concentration of ≥50,000 particles/cm3 respectively (instead of 10000 particles/cm3).

Others

