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Figure 1.
Birmingham intercomparison of three CPCs.

Figure 2.
Average Size Distribution Curves for the Period of overlap of all systems in Birmingham: 14 Oct 14:15 to 19 Oct 11:15 2004.

Figure 3.
Average Size Distribution Curves for the Period of overlap for Bloomsbury and Marylebone in Portishead: 17 Jan 17:00 to 20 Jan 10:00 2005.

Abstract

A comparison of the TSI Model 3934 SMPS systems has been conducted in Birmingham, Leipzig and Portishead. CPC and SMPS intercomparison results from Birmingham were generally good, with the exception of the instrument from Bloomsbury which was shown to be losing sub-100 nm particles. After cleaning of a Teflon separator, this instrument now performs as intended. It is evident that all of these instruments lose significant fractions of sub-30 nm particles due to diffusional losses, which the TSI software does not currently correct for. The tests revealed other problems with the instruments which appear to be a function of their age and continuous use.  Specifically, there are voltage control problems, which coupled to the flow control systems means that the quality of data currently collected is compromised unless the instruments are checked on a frequent basis.

1. Introduction

Particle size distributions have been measured continuously since 1997 at Harwell, Marylebone Road and Bloomsbury as a part of a Defra funded project to investigate particle numbers and concentrations in the UK. The instrumentation employed has been the TSI 3934 Scanning Mobility Particle Sizer (SMPS), incorporating the 3071A flow control module, the 3081 DMA column, and the 3022A CPC, and operating with a 0.5 and 5 LPM flow rate combination. A previously reported study
 in which one of these SMPS systems was collocated with a nano classifier (incorporating the 3080 flow control module, the 3085 DMA column, and the 3025A CPC, and operating at a 0.3 and 3 LPM flow rate combination), highlighted inconsistencies between the instruments. This report presents the intercomparison results for an intensive study in Birmingham involving the three SMPS and one nano-SMPS instruments, and one additional instrument owned by UMIST (incorporating the 3080 flow control module, the 3081 DMA column, and the 3025A CPC, and operating at a 0.3 and 3 LPM flow rate combination). Subsequent comparisons were undertaken by the UK representatives of the instrument manufacturers, TSI in Portishead, and these data are also presented. Finally, preliminary results are presented from an intercomparison study hosted by the Institute for Tropospheric Research (IFT) in Leipzig, Germany during December 2004. This study involved the Marylebone Road SMPS system and nine other systems from Germany, Sweden and the UK.  

2. CPC Comparison in Birmingham

2.1 Experimental

During October of 2004, a study was carried out to compare the Defra SMPS systems in a purpose built wooden building located at an urban background site in the grounds of Birmingham University. Initial experiments were conducted with the CPC only, with later experiments incorporating the full SMPS systems. During this period, the Marylebone, Bloomsbury and Harwell CPCs were co-located. All instruments were connected to inlets drawing ambient air via 1.5 m tubing through the wall of the site shed. Inlet tubes were copper tubing directly abutting the inlet of the CPC. During the period 12:10 21/10/2004 to 09:30 22/10/04 all instruments sampled air from within the confines of the shed. No inlet extensions were installed, and all external vents from the shed were closed.

2.2 Results
Results from both periods of sampling are shown in Figure 1 (as 10 minute averages of number concentrations). Good agreement was obtained between all instruments during ambient air sampling, however, while sampling indoor air, the Bloomsbury unit generated a lower signal than all other units. In order to eliminate differences in condensation particle counter response during interpretation of SMPS data, number concentrations obtained in ambient air were be adjusted by factors of 0.958 (Harwell), 1.017 (Marylebone Road) and 1.029 (Bloomsbury).
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Figure 1.  Birmingham intercomparison of three CPCs.

2.3 Conclusions

Comparison of the three CPCs used in the Harwell, Marylebone Road and Bloomsbury SMPS systems, were found to be highly reliable for both indoor and ambient monitoring applications.

3. SMPS Comparison in Birmingham

3.1 Experimental

The five SMPS systems were co-located in the same location as the CPCs (Section 2.1) between 14 Oct 14:15 to 19 Oct 11:15. The three 3934 instruments were set up using the sampling systems used normally in their respective field locations. Specifically, ambient air is drawn at a rate of 16.7 LPM, first passing through a cyclone with a cut-point of 1 micron. This serves to remove particles that may clog the impactor on the SMPS, and so increases the time required between site visits. From this flow, 0.5 LPM is taken as the poly-disperse inlet to the classifier. The other two systems sampled ambient air using static conducting plastic tubing. Owing to the low flow rate employed by the UMIST system, it was not possible to classify particles below 15 nm.

3.2 Results
Figure 2 clearly shows that the Bloomsbury SMPS was losing the smaller particles.  This is consistent with the results found in the earlier comparisons at Bloomsbury. Further, it is apparent that there are timing or voltage control issues with the 3934 systems, as there is evidence of a peak below 12 nm that is not in evidence on the other systems. Unlike earlier comparisons, there is no evidence of a sub-7 nm peak in the Birmingham nano classifier.
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Figure 2. Average Size Distribution Curves for the Period of overlap of all systems in Birmingham: 14 Oct 14:15 to 19 Oct 11:15 2004.

3.3 Conclusions and Required Future Work

In conclusion, it is evident that the Marylebone and Harwell instruments produce size distributions that were roughly the same as that found with the Birmingham nano-classifier model. The Bloomsbury instrument was shown to disagree with the other systems. In light of this, the Bloomsbury system was taken to TSI in Portishead, and the outcome of these further investigations is discussed below (Section 4). The timing or voltage control issues were investigated at the intercomparison workshop in Leipzig using the Marylebone SMPS, and these results are also described below (Section 5). 

4. SMPS Comparison in Portishead

4.1 Experimental

The Bloomsbury SMPS was returned to TSI in Portishead in order to ascertain why it was losing smaller particles. It was found that the Teflon separator within the DMA had developed a static charge, and this was subsequently cleaned and replaced. The Marylebone SMPS was also taken to Portishead in order for a further intercomparison exercise to be carried out.

4.2 Results
Figure 3 shows the results of the comparison of the two 3934 SMPS systems after the cleaning of the Teflon separator in the Bloomsbury instrument. It is evident that the Bloomsbury SMPS now outperforms the Marylebone system. 

4.3 Conclusions

The Teflon separator was shown to develop a static charge. The separator was cleaned and replaced, and after comparison with another instrument, was shown to work again. Whilst no further problems are anticipated, it may in the future be necessary to replace the separators in all instruments with one incorporating a conductive material.
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Figure 3. Average Size Distribution Curves for the Period of overlap for Bloomsbury and Marylebone in Portishead: 17 Jan 17:00 to 20 Jan 10:00 2005.

5. SMPS Comparison in Leipzig

5.1 Summary

The Marylebone SMPS was taken to Leipzig and compared against nine other systems from Germany, Sweden and the UK. Since the 3934 SMPS systems were purchased in 1997, they have been superseded three times, and all other instruments in the intercomparison used mass flow controls, rather than critical orifices. At this stage, not all the results from the workshop are available, so only a summary is provided here. 

Experiments were conducted in the laboratory to compare the instruments by sampling generated silver and ammonium sulphate particles. Preliminary comparison of the instruments whilst the experiment was being conducted has shown that the Marylebone Road 3934 system and several of the other systems lost considerable fractions of the sub-30 nm particles due to diffusional losses. The latest instruments (such as the GRIMM Vienna systems and the TSI 3034 systems, both released in 2004) identify these issues and take steps to correct for them, either by optimising the flow rates (TSI), or correcting for losses in the software (GRIMM). It is understood that TSI are intending to modify software to correct for diffusional losses, but no firm date has been given, and there are likely to be complications depending upon individual system set up.

The sub-12 nm peak identified in the Birmingham study (Section 3) was again evident in the size distributions of the Marylebone Road system, but in none of the other SMPSs in the study. It was shown that there was a peak when the system had scanned the cross column potential difference down from the previous run, but when it began a fresh run from 0 volts, there was no sub-12 nm peak. This suggests that there may be voltage control problems with this system. Unfortunately, TSI no longer supply replacement voltage control systems for these instruments. 

A 2-week comparison of all systems sampling ambient urban air was also carried out. The Marylebone Road SMPS system was found to be the least reliable of all the instruments, as the manual flow control system was liable to instability which would explain the drift problems which we have identified in the data from this site.  This could be rectified by visiting the instrument daily, although this would add enormously to the costs of operating the network.

Two identical TSI 3034 systems were used to identify potential losses in the inlet systems that are used in the Defra network (Section 3.1) by running one with an inlet and one without.  These results are not yet available for analysis.
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� Comparison between SMPS, Nano-SMPS and Epiphaniometer Data at an Urban Background Site (Bloomsbury) and a Roadside Site (Marylebone Road).






