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Executive Summary

In January to March 2000, NETCEN conducted an intercalibration exercise of 67 sites in the Automatic Urban Network.  The tests were undertaken to cross-reference the individual data sets to common traceable calibration standards.  This enabled the consistency of measurements throughout the network to be determined.   

The results of the intercalibration are summarised in the table below:

Parameter
Number of outliers
Number in network
% outliers in total

Ozone analyser
16
44
36%

NOx analyser
19
63
30%

CO analyser
2
54
4%

SO2 analyser
12
50
24%

TEOM analyser
0
44
0%

Total
49
255
19%

In addition, 34 of the 230 site cylinders appeared to have drifted by more than 10% from their certificated values.  Six NOx converters were found to be outside the 95% acceptance limit.

The number of analyser outliers identified has increased at this audit, compared to previous exercises.  At the winter intercalibration, 13% of the analysers in use were identified as outliers.  In order to improve the usability of this report, all the network analysers have been graded in terms of how their performance could impact on data quality.  This process has highlighted that the majority of outliers are minor in nature and are only likely to have minimal consequences for data capture or data quality.

The performance of 33 of the 52 Local Site Operators was also assessed during this exercise.  All the LSO’s that were assessed remain keen, and continue to perform their tasks to a consistently high standard.

Appended to this report is the UKAS Certificate of Calibration.  The certificate presents the results of the individual analyser calibration factors on the day of the audit visit, as calculated by NETCEN using the audit transfer standards, in accordance with our UKAS accreditation.

In summary, the network continues to operate at a high standard, providing data that are accurate, consistent and traceable to national metrology standards. This report presents the findings from the intercalibration exercise, listing outliers and identifying causes for any poor performance. 
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Appendix 1 Certificate of Calibration
1 Introduction

AEA Technology’s National Environmental Technology Centre (NETCEN) has undertook an intercalibration of air quality monitoring sites in the Automatic Urban Network (AUN) during summer 2000.  These intercalibrations are used to complete a wide range of tests to evaluate the performance of each monitoring station.  The following major checks are made:

1. Analyser accuracy and precision

2. Instrument linearity

3. Instrument signal noise

4. Analyser response time

5. Leak and flow checks

6. NOx analyser converter efficiency

7. TEOM Ko evaluation

8. SO2 analyser hydrocarbon interference

9. Evaluation of site cylinder concentrations

10. Competence of Local Site Operators (LSO) in undertaking calibrations

The procedures used to determine network performance are documented in AEA Technology Work Instructions.  These methods are regularly updated and improved and have been evaluated by the United Kingdom Accreditation Service (UKAS).  NETCEN holds UKAS accreditation for the on-site calibration of NOx, SO2 and CO analysers, and is currently being assessed to cover the ozone and PM10 analysers.  A UKAS Certificate of Calibration (Calibration Laboratory number 0401SI) for the urban sites in the AUN is appended to the report.

A total of 67 sites were audited in this exercise; Wirral Tranmere and Preston commenced operation during the previous six months.

This report presents the results for each pollutant, identifies analysers that did not meet performance standards, investigates the possible causes of these results and recommends any 

remedial action required to modify the datasets.

Analyser Performance

In order to try to improve the usability of this report, the results of the intercalibration will be presented somewhat differently to previous reports.

The comprehensive performance evaluation, with comparisons of sites against network means, reference standards, linearity results etc, are presented in Appendix 1. These results, whilst technically invaluable in the process of data ratification, do not present a clear picture as to how and why an outlier has arisen.  The list does not explain what is done to correct datasets or avoid a recurrence of the event.  A troubleshooting Appendix to the Site Operator’s Manual is currently in preparation, which will be a useful additional aide in ensuring good analyser performance.

To resolve the current position, a series of performance grades has been devised, which should provide an indication of how data quality may be affected by the intercalibration results.

The performance grades will be as follows:

1. A  
This grade is indicative of an analyser performing very well.  All of the tests undertaken

were within the required limits, and the quality of the ratified dataset produced by this

instument should be of a high standard.  No data should be lost. 

2. B
This grade is indicative of an analyser performing well. The results of the tests have

highlighted a minor outlier (for example as a result of minor drift in calibration factor,

or a result slightly outside acceptance criteria).   This type of outlier is not likely to be 

easily detected by the Local Site Operator or the CMCU.  The quality of the ratified 

dataset produced by this analyser should be of a high standard.  No data should be lost.

3. C
This grade indicates an analyser performing acceptably.  The results of the tests have 

highlighted a significant outlier (for example as a result of severe drift in calibration 

factor, or a result significantly outside acceptance criteria).  Close examination of the 

performance history of the analyser may show that data could be retained, but may 

require substantial adjustments to the dataset to be performed.  It is possible that this 

type of outlier could be detected by the LSO or CMCU during the scheduled 


calibrations, but it is likely that the fault will remain undetected until the network 

intercalibration visit. The LSO should compare the current results with those from 

previous visits, and carefully examine the progress of the current analyser calibration, to 

ensure “expected normal” behaviour.  Any deviations from these patterns should be 

reported to CMCU immediately. The quality of the ratified dataset produced by this 

analyser should be of an acceptable standard.  It is possible that some data could be 

rejected during the ratification process.

4. D
This grade indicates a poorly performing analyser.  The results of the tests have 


highlighted a serious fault or outlier (for example, a poor NOx converter result, or 

significant losses of calibration gas to the sampling system), which will have serious 

implications for the quality of the instrument dataset.  Again, the LSO and CMCU 

might be able to detect this type of poorly performing analyser during the scheduled 

calibration visits, but it is possible that the fault remains undetected until the network 

intercalibration visit.  The LSO should report any “abnormal” behaviour to the 


CMCU immediately, who will then decide whether any remedial action is required. 

Depending upon the cause of the outlier, it is possible that much of the dataset will be 

salvagable during ratification, but it is likely that significant portions of data will be 

rejected as a result. 

5. E
This grade indicates either a very poorly performing analyser, or that the analyser was 

not available for testing.  The results of the tests have highlighted a very serious fault, or 

the analyser has completely malfunctioned during the course of the tests, preventing 

any meaningful results being obtained.  Data from this type of analyser will be seriously 

compromised, and it will be clear to both the LSO and CMCU that there is a fault 

with the equipment.  Depending upon the exact nature of the fault, it may be possible 

to save data from the analyser, but it is most likely that large portions of the dataset will 

need to be rejected. 

In order to further aid the readability of the report, the grades will be colour coded:  GREEN for grade A and B analysers, YELLOW for grade C and D analysers, and RED for grade E analysers.  The Table below presents a summary of the network intercalibration:

Date visited
Site
NOx 
CO
SO2
O3
PM10

Sites in England

06/09/00
Barnsley 12
-
-
A
-
-

06/09/00
Barnsley Gawber
B
-
A
C
-

12/07/00
Bath Roadside
A
A
-
-
-

09/08/00
Billingham
B
-
-
-
-

24/08/00
Birmingham Centre
B
A
A
B
A

08/08/00
Birmingham East
A
A
B
A
A

27/07/00
Bolton
A
A
A
B
A

07/09/00
Bradford Centre
A
A
D
B
A

01/08/00
Brighton Roadside
A
A
-
-
-

18/07/00
Bristol Centre
B
A
B
B
A

17/07/00
Bristol Old Market
B
A
-
-
-

26/07/00
Bury Roadside
A
A
A
C
A

18/07/00
Cambridge Roadside
B
-
-
-
-

20/07/00
Coventry Centre
A
A
B
B
-

19/07/00
Exeter Roadside
A
A
A
A
-

01/08/00
Hove Roadside
A
A
-
-
-

16/08/00
Hull Centre
A
A
B
A
A

24/08/00
Leamington Spa
B
A
A
C
A

08/09/00
Leeds Centre
A
E
A
A
A

15/08/00
Leicester Centre
A
A
B
A
A

22/08/00
Liverpool Centre
A
A
A
A
A

31/07/00
London A3 Roadside
D
A
-
-
A

12/07/00
London Bexley
B
A
C
A
A

10/07/00
London Bloomsbury
B
A
A
A
A

17/07/00
London Brent
A
A
A
B
A

12/09/00
London Cromwell Road 2
A
A
A
-
-

11/07/00
London Hillingdon
A
A
A
A
A

08/08/00
Manchester Piccadilly
A
A
A
A
A

09/08/00
Manchester South
A
-
A
A
-

08/08/00
Manchester Town Hall
A
A
-
-
-

10/08/00
Middlesbrough
A
A
A
B
A

09/08/00
Newcastle Centre
A
A
A
A
A

16/08/00
Norwich Centre
B
A
B
B
A

15/08/00
Norwich Roadside
B
-
-
-
-

17/08/00
Nottingham Centre
A
A
A
A
A

10/07/00
Oxford Centre
A
A
A
-
-

20/07/00
Plymouth Centre
A
A
B
A
A

21/08/00
Preston
A
A
A
A
A

13/07/00
Reading
A
A
C
A
A

10/08/00
Redcar
B
A
E
A
A

04/09/00
Rotherham Centre
B
-
A
C
-

09/08/00
Salford Eccles
A
A
B
C
A

19/07/00
Sandwell West Bromwich
A
A
A
A
-

16/08/00
S’thorpe
-
-
A
-
A

05/09/00
Sheffield Centre
A
A
A
B
A

05/09/00
Sheffield Tinsley
A
A
-
-
-

11/07/00
Southampton Centre
A
A
A
A
A

25/07/00
Stockport
A
A
A
-
A

24/07/00
Stoke-on-Trent Centre
A
D
A
C
A

02/08/00
Thurrock
A
A
A
A
A

23/08/00
Walsall Alumwell
A
-
-
-
-

24/07/00
Walsall Willenhall
A
-
-
-
-

12/09/00
West London
A
A
-
-
-

22/08/00
Wirral Tranmere
B
A
A
A
A

04/09/00
Wolverhampton Centre
A
A
A
E
A

Sites in Scotland

03/08/00
Aberdeen
A
A
-
-
A

31/07/00
Edinburgh Centre
B
A
A
A
A

01/08/00
Glasgow Centre
A
B
A
A
A

01/08/00
Glasgow City Chambers
A
A
-
-
-

01/08/00
Glasgow Kerbside
A
A
-
-
A

Sites in Wales

31/08/00
Cardiff Centre
A
A
A
A
A

30/08/00
Port Talbot
A
-
A
A
A

31/08/00
Swansea
B
A
A
A
A

Sites in Northern Ireland

26/07/00
Belfast Centre
B
A
A
A
A

26/07/00
Belfast Clara St
-
-
-
-
C

26/07/00
Belfast East
-
-
A
-
-

27/07/00
Derry
C
A
D
C
A

From the above table, it is clear that the vast majority of analysers (93%) in the network are functioning well.  Of the remaining analysers, it is possible that data from the majority can be retained, but some investigation into the causes of the outliers needs to be undertaken.  The following sections consider each pollutant in turn.

2 Ozone

The calibration of the ozone analysers was performed using NETCEN photometers certified against the Standard Reference Photometer (SRP), held at the National Physical Laboratory (NPL).

Sixteen of the 44 analysers (36%) were identified as outliers at this intercalibration.  It was not possible to test one analyser (Wolverhampton), as a result of a malfunction in the NETCEN photometer.  The overall result is slightly worse than the previous exercise, when 12 analysers were identified as outliers.  Of the 16 outliers, nine were grade B, the remaining seven were grade C.

Subsequent investigations revealed that 8 of these outlying analysers were set up by an Equipment Support Unit (ESU), using photometers that had previously shown poor agreement with the reference standards.  Rescaling the data from these sites (Barnsley Gawber, Bradford Centre, Coventry, Derry, Norwich Centre, Rotherham Centre, Sheffield Centre and Stoke-on-Trent Centre), should be relatively straightforward, with minimal data loss as a result.  Following extensive investigations, the ESU has devised a successful solution, which should prevent future recurrences. 

A number of other minor outliers were also identified (Birmingham Centre, Bolton, Bristol Centre, London Brent and Middlesbrough), together with some larger outliers (Bury Roadside, Leamington Spa and Salford Eccles).  As with the other outliers, the data from these sites will be carefully examined during ratification, but no data should be lost as a consequence of these results.

3 Nitrogen Oxides

Nineteen of the 63 analysers tested (30%) were identified as outliers, giving calculated values that were more than 10% from the network mean response.  This result is worse than the previous intercalibration, when twelve analysers were found to be outliers.

Close investigation of the results showed that seventeen of these outliers were of grade B, one of grade C and one of grade D.

The grade B outliers were all seen as a result of minor drifts in analyser response between 

scheduled LSO calibrations, which will be easily corrected during ratification, without any loss of data.

The analyser at London A3 was again seen to exhibit a considerable difference in response when gas was introduced through the sample inlet, as opposed to the dedicated cylinder inlet.  This may well have significant consequences for ambient data, as the results from the scheduled calibrations do not appear to accurately represent what the analyser samples from ambient air.  This phenomenon was also seen at Derry, although to a lesser extent.  Data from these sites will be carefully examined during ratification, but it is possible that some data will need to be rejected as a result of these findings.

Comparison of the network average results against the actual cylinder concentrations showed that the network measures NO to within 1% of actual concentrations, with a percentage standard deviation around this value of 3.6%.  This is an excellent result which demonstrates that measurements are accurate, consistent and traceable to metrology standards.  

The result of the network NO2 intercomparison was somewhat worse, showing that the network appeared to underestimate concentrations by an average of nearly 10%, with a percentage standard deviation around this value of 5.5%..  This result has been extensively investigated, and appears to be mainly due to a new batch of regulators used for the audit cylinders.  The regulators were not fully conditioned, which has led to some loss of calibration gas before input into the analysers. Despite this, measurements of NO2 are accurate, consistent and traceable to metrology standards.

The NOx converters at six sites (10%) were found to have fallen below the 95% acceptance limit:

1. Aberdeen 

93%

2. Coventry 

80%

3. Glasgow Centre 
93%

4. Hove Roadside  
91%

5. Leamington Spa
109%

6. Nottingham Centre
93%

Two of these sites were also identified at outliers at the previous intercalibration.  This is an improvement over the winter exercise, where four “repeat offenders” were highlighted.  Three of the results are very close to acceptable performance, and will be allowed to pass on this occasion.  However, their performance will be carefully scrutinised at the next exercise.

The converter at Coventry continues to perform unsatisfactorily.  In addition, the Glasgow Centre converter was again just outside specification, while the analysers  at Aberdeen, Hove Roadside, Leamington Spa and Nottingham Centre performed poorly at this exercise.   These results are likely to have a significant impact on the amount of ratified data that these sites provide to the network.  The  performance of the converters at these sites will be closely examined at the next audit exercise.

Carbon Monoxide

Just two of the 54 analysers (4%) were identified as outliers, at Glasgow Centre (grade B) and Stoke-on-Trent Centre (grade D).  The analyser at Leeds Centre suffered a pump failure during the audit, preventing meaningful results being obtained.  Overall this is an excellent result, comparable to the previous exercise when two analysers were found to be outside the acceptance limits.

Comparison of the network average results against the actual cylinder concentrations showed that, overall, the network measures concentrations of CO to within 1% of actual values, with a percentage standard deviation of 2.9%.  This is an excellent result, demonstrating that measurements are accurate, consistent and traceable to metrology standards.

The result at Glasgow Centre is due to a minor drift in analyser sensitivity, and should not have any effect on the ratified dataset.  The Stoke-on-Trent Centre result appears to be due to a blockage in the gas calibration system.  This has caused the analyser to “see” progressively lower concentrations of gas at scheduled calibration visits, which appear to have been artificially skewed by the blockage.  The calibration history of the analyser will be carefully examined and rescaled during ratification, but it is possible that data will need to be rejected as a result.

4 Sulphur Dioxide

The analysers at twelve of the 50 sites (24%) were identified as outliers, giving calculated values that were more than 10% from the network mean response.  Of these outliers, 8 were grade B, 2 were grade C and 2 were grade D.  The analyser at Redcar was being repaired at the time of the audit.  This result is worse than the previous intercalibration, when five analysers were found to be outliers.

Comparison of the network average results against the actual audit cylinder concentrations showed that, overall, the network measures SO2 concentrations to within 4.3%, with a percentage standard deviation of 4.7%.  This is a good result, and demonstrates that measurements are accurate, consistent and traceable to metrology standards.

The outliers at Birmingham East, Bristol Centre, Coventry, Hull Centre, Leicester, Norwich Centre and Plymouth were all  found to be due to a minor drift in sensitivity, no data should be lost as a result.  The outliers at Stoke-on-Trent Centre and Reading were found to be due to a combination of calibration drift and a loss of calibration gas to the sampling manifold.  Again, this should be relatively straightforward to correct and no data should be lost as a result.

The analysers at Bradford Centre, Derry and London Bexley were seen to exhibit a sensitivity to small changes in calibration gas pressures, which has compromised the validity of these results.  All of the available data from these sites will be used to judge the performance of these analysers, but it is possible that data may need to be rejected as a result of these investigations.

The efficiency of the hydrocarbon “kicker” was evaluated with a 1 ppm m-Xylene cylinder. To pass the test, the analyser must not respond by more than 1% (10 ppb) of the cylinder concentration.  This is an important test, because m-Xylene directly interferes with SO2 analyser response.  However, it should be noted that this particular test is very demanding; typical ambient hourly maximum concentrations of this pollutant rarely exceed 50 ppb.

Twenty two of the analysers did not meet the required standard:

1. Barnsley 12

(16 ppb)

2. Bradford Centre 
(40 ppb)

3. Cardiff Centre
(99 ppb)

4. Coventry Centre
(22 ppb)

5. Derry

(23 ppb)

6. Edinburgh Centre
(11 ppb)

7. Glasgow Centre 
(14 ppb)

8. Hull Centre

(70 ppb)

9. Leicester Centre
(71 ppb)

10. London Hillingdon 
(19 ppb)

11. Manchester Piccadilly
(20 ppb)

12. Manchester South
(21 ppb)

13. Norwich Centre
(52 ppb)

14. Nottingham Centre
(58 ppb)

15. Port Talbot 

(12 ppb)

16. Preston

(15 ppb)

17. Reading

(11 ppb)

18. Rotherham Centre
(21 ppb)

19. Salford Eccles

(17 ppb)

20. S’thorpe

(137 ppb)

21. Thurrock

(11 ppb)

22. Wirral Tranmere 
(15 ppb)

The kickers at Glasgow Centre, Hull Centre, Port Talbot and Rotherham Centre were also identified as outliers at the previous exercise.

These results are substantially worse than at the previous intercalibration, where eleven analyser kickers were identified as outliers.  The magnitude of the outliers at a number of sites was seen to be very high; the kickers at Cardiff, Hull, Leicester, Norwich Centre, Nottingham and S’thorpe should be considered for immediate replacement.

To put these results into perspective, at the expected maximum ambient concentrations of m-Xylene (50ppb), the worst kicker would show an interference response of around 7 ppb. 

NETCEN will continue to check the performance of these analysers at subsequent intercomparisons, and recommend any further remedial action, if necessary.

5 Particulates

Evaluation of the TEOM instrument Ko calibration constants, using a series of pre-weighed filters, showed that all analysers were within the ± 2.5% acceptance limit.  

No significant flow errors or leaks were found at any of the sites. 

6 Site Cylinder Concentrations

During the intercalibration, the concentrations of the on-site cylinders were evaluated using the audit cylinder standards.  The calculated results showed that 34 of the 230 cylinders (~15%) appear to be outside the ±10% acceptance criterion.  This is worse than the previous intercalibration, where  20 cylinders were found to be out of specification.  The site cylinder evaluations are performed by calibrating the analysers with audit and site cylinder gas through the same inlet system, thus minimising any possible errors due to contaminated plumbing.

As noted earlier, some difficulties were encountered with a new batch of audit cylinder regulators during this intercalibration.  The internal surfaces of these regulators were not fully conditioned, which meant that they were not inert to the more reactive test gases (NO2 and SO2).  As a result, some of the audit gas was likely to be lost before it could be analysed by the site instruments, which has adversely affected a significant proportion of the NO2 and SO2 results.

2 NO cylinder outliers were identified.  The result at London A3 roadside is most likely due to the pressure sensitive response of the analyser noted earlier, while the Billingham result will be rechecked at the next visit, and appropriate action taken if necessary.   

27 NO2outliers were found.  As noted above, the majority of these are likely to be influenced by the new audit regualtors used during this intercalibration.  Of the outliers identified, the cylinders at Cambridge Roadside, Coventry Centre, Southampton Centre, Stockport and Thurrock were also identified at the previous exercise.  However, as NO2 cylinders are not routinely used to scale NOx data, the requirement for replacement is not urgent. 

8 SO2 outliers were identified.  As seen with NO2, most of these are likely to be influenced by the new audit regulators.  The cylinder at Sandwell West Bromwich was identified again as an outlier, and should be returned to NPL for replacement as soon as possible.

As with earlier exercises, the site cylinder concentrations evaluated at the on-site audit are not used to update the cylinder databases.  This is because the certified values provided by the Calibration Laboratories at NPL and NETCEN have much better uncertainties associated with their calculations.  The field calculation is used as a check to identify possible outlier cylinders, which can be subsequently assessed by returning the cylinder for re-certification.

All of the revised calculations will be carefully assessed at the next intercalibration exercise, and any recurring outlier cylinders will be reported to NPL.  

7 Assessment of sampling inlets

During this intercomparison exercise, the potential losses of sample gas to the inlet systems were assessed, using audit cylinder gas.  

At a scheduled fortnightly calibration, the LSO introduces gases into the analysers through dedicated, clean gas cylinder inlets.  These calibrations are then used to scale raw data from the analysers.

Audit cylinder gases and site cylinder gases were introduced to the analysers at the sample inlet, and the responses compared to the previous LSO calibration, to determine any significant differences between the two methods.

The majority of the sites showed losses of less than 10% to the sample inlet, but the issue of losses to the sampling / calibration systems was noted as significant for one or more pollutants at the following sites:

1. Bradford Centre (SO2)

2. Coventry Centre (SO2)

3. Derry (NOx / SO2)

4. London A3 (NOx)

5. London Bexley (SO2)

6. Reading (SO2)

7. Stoke-on-Trent Centre (SO2)

 The analysers were seen to exhibit pressure sensitivity when audit gas was introduced into the sample inlets.  This meant that if the excess flow to the analysers were increased, even by a small amount, the analyser responses would increase, and vice versa.  As a result, it is impossible to reliably estimate losses to the manifolds for the analysers at these sites.

In general, the number of incidences of sample gas losses to the inlet manifold appear to be reducing.  The ESU’s are requested to ensure that continued particular attention is paid to the cleaning and condition of sample inlet manifolds during the six monthly services.

8 LSO Audits

During the intercalibration, 33 of the 52 Local Site Operators were audited; to assess their performance in undertaking scheduled calibrations.  As with previous audit exercises, the majority of LSO’s undertake calibrations competently, and are very knowledgeable about the equipment used on site and procedures employed in the network.  During the intercalibration, we have also undertaken a number of assessments of relatively new LSO’s, to ensure that their training has been successfully undertaken.  These were very successful, with very few adjustments of their operating techniques required to fully conform to the Operator Manual.

This LSO audit exercise once again demonstrates that operators are generally competent, enthusiastic and knowledgeable about their sites, which is a major contributing factor in ensuring the continued high performance of the network.

9 Certification

Appended to this report is the Network Certificate of Calibration. This certificate presents the results of the individual analyser scaling factors on the day of the audit visit, as calculated by NETCEN using the audit cylinder standards, in accordance with our UKAS accreditation.

10 Summary

Once again, the intercalibration exercise has demonstrated its value as an effective tool in determining overall site performance and assessing the reliability and traceability of air quality measurements from a large scale network.   
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