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Executive Summary

In January to March 2000, NETCEN conducted an intercalibration exercise of 65 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
14
42
33%

NOx analyser
12
61
20%

CO analyser
2
53
4%

SO2 analyser
5
49
10%

TEOM analyser
0
41
0%

Total
33
246
13%

In addition, 20 of the 223 site cylinders appeared to have drifted by more than 10% from their certificated values.  Nine NOx converters were found to be outside the 95% acceptance limit.

The number of analyser outliers identified has significantly decreased at this audit, compared to previous exercises.  At the summer 1999 intercalibration, 18% of the analysers in use were identified as outliers.

The performance of 37 of the 50 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 undertaken an intercalibration of air quality monitoring sites in the Automatic Urban Network (AUN).  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 pursuing extensions 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 65 sites were audited in this exercise; London Bridge Place and Lincoln Roadside ceased 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.

Ozone

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

Date of audit
Site
O3 % deviation


ENGLAND SITES


23/02/00
Barnsley Gawber
-14.5

14/02/00
Birmingham Centre
-3.0

07/02/00
Birmingham East
-1.9

03/02/00
Bolton
6.8

24/02/00
Bradford Centre
-19.8

18/01/00
Bristol Centre
-3.5

02/02/00
Bury Roadside
-0.9

27/01/00
Coventry Centre
-65.4

19/01/00
Exeter Roadside
12.9

15/02/00
Hull Centre
-3.0

02/03/00
Leamington Spa
5.0

25/02/00
Leeds Centre
-0.3

14/02/00
Leicester Centre
-3.5

09/02/00
Liverpool Centre
-2.9

13/01/00
London Bexley
-0.8

08/03/00
London Bloomsbury
-10.7

24/01/00
London Brent
-2.5

11/01/00
London Hillingdon
-2.1

28/02/00
Manchester Piccadilly
2.2

28/02/00
Manchester South
-2.4

17/02/00
Middlesbrough
-1.2

15/02/00
Newcastle Centre
-1.0

28/02/00
Norwich Centre
-18.9

17/02/00
Nottingham Centre
-12.4

20/01/00
Plymouth Centre
-4.3

12/01/00
Reading
-23.5

16/02/00
Redcar
0.1

21/02/00
Rotherham Centre
-5.6

29/02/00
Salford Eccles
21.5

26/01/00
Sandwell West Bromwich
-10.5

22/02/00
Sheffield Centre
-2.9

07/02/00
Southampton Centre
-0.6

31/01/00
Stoke-on-Trent Centre
-16.9

02/03/00
Thurrock
-0.1

03/02/00
Wolverhampton Centre
-5.0


N. IRELAND SITES


02/02/00
Belfast Centre
2.8

01/02/00
Derry
-10.3


WALES SITES


06/03/00
Cardiff Centre
-2.3

06/03/00
Port Talbot
0.2

07/03/00
Swansea
-1.0


SCOTLAND SITES


08/02/00
Edinburgh Centre
1.4

09/02/00
Glasgow Centre
0.8

Fourteen of the 42 analysers (33%) were identified as outliers at this intercalibration.  This result is slightly worse than the previous exercise, when 10 analysers were identified as outliers.

Subsequent investigations revealed that 9 of the fourteen outlying analysers were set up by an Equipment Support Unit (ESU), using photometers that were known to show poor agreement with the reference standards.  Rescaling the data from the majority of these sites (Barnsley Gawber, Bradford Centre, Derry, Norwich Centre, Nottingham Centre, Reading, Rotherham Centre and Stoke-on-Trent Centre), should be relatively straightforward, with minimal data loss as a result.  

Currently, NPL perform a calibration of the ESU travelling photometer, and issue a certificate based on the “as found” performance of the ESU equipment.  A certificate is issued, which documents an “adjustment factor” that the ESU need to employ, to set the analysers up to correctly agree with the SRP.  However, this raises the possibility that the ESU does not make corrections for a poorly performing travelling photometer, and simply corrects the on site analysers to agree with their travelling standard.  Modifications to the way that the ESU’s and NPL calibrate the ESU photometers have been implemented, to ensure that the ESU photometers are in exact agreement with the SRP, to hopefully prevent a recurrence of this problem. 

The analyser at Coventry Centre was found to be severely leaking.  Data from this site may have been compromised as a result, and significant portions of data may need to be rejected.

The outliers at Bolton, Exeter Roadside and London Bloomsbury were found to be as a result of instrument drift between six month services.  The data will be rescaled as appropriate, and no data should be lost as a result.

The outlier at Salford Eccles was found to be due to a flow restriction in the sample inlet system.  The sensitivity of the analyser underwent a step change when the analyser was fixed, but there is no record of any pre or post call out calibrations to aid diagnosis.  It is vitally important that the ESU’s perform full photometer tests on analysers before and after maintenance visits, to allow data scaling to be reliably undertaken.  It should be possible to rescale data based on the autocalibration responses – these data will be carefully examined and appropriate action taken.  If the autocal data is sufficiently reliable, no significant data losses should be incurred.

The outlier at Sandwell West Bromwich was found to be due to an incorrectly set up analyser.  Data will be rescaled, and it is unlikely that any will be rejected as a result.

Nitrogen Oxides

The table below presents the results of the NOx intercalibration, performed using certified transfer standard (audit) cylinders, supplied by NPL.

Date
Site
NOx conc
%dev
n sigma
NO conc
%dev
n sigma
NO2 conc
%dev
n sigma


ENGLAND SITES










23/02/00
Barnsley Gawber
458
7.3
1.6
437
4.1
0.9
447
-1.8
-0.4

08/03/00
Bath Roadside
415
-2.8
-0.6
404
-3.9
-0.9
442
-2.9
-0.7

16/02/00
Billingham
446
4.7
1
445
6
1.3
428
-6
-1.4

14/02/00
Birmingham Centre
424
-0.5
-0.1
425
1.2
0.3
444
-2.5
-0.6

07/02/00
Birmingham East
404
-5.2
-1.1
417
-0.6
-0.1
481
5.7
1.3

03/02/00
Bolton
447
4.8
1
432
3
0.7
437
-4
-0.9

24/02/00
Bradford Centre
374
-12.2
-2.6
402
-4.2
-0.9
370
-18.6
-4.3

22/02/00
Brighton Roadside
433
1.6
0.3
441
5
1.1
450
-1.1
-0.3

18/01/00
Bristol Centre
404
-5.3
-1.2
398
-5.3
-1.2
473
4
0.9

17/01/00
Bristol Old Market
406
-4.9
-1.1
405
-3.7
-0.8
457
0.5
0.1

02/02/00
Bury Roadside
447
4.7
1
420
-0.1
0
454
-0.2
0

25/01/00
Cambridge Roadside
390
-8.5
-1.8
374
-10.9
-2.4
418
-8.1
-1.9

27/01/00
Coventry Centre
249
-41.7
-9
231
-45.1
-10
253
-44.4
-10

19/01/00
Exeter Roadside
421
-1.4
-0.3
414
-1.5
-0.3
440
-3.3
-0.8

21/02/00
Hove Roadside
445
4.3
0.9
437
4
0.9
474
4.2
1

15/02/00
Hull Centre
423
-0.8
-0.2
408
-2.9
-0.6
456
0.2
0.1

02/03/00
Leamington Spa
493
15.5
3.4
476
13.4
3
533
17.1
4

25/02/00
Leeds Centre
444
4.2
0.9
437
4
0.9
434
-4.7
-1.1

14/02/00
Leicester Centre
447
4.9
1.1
410
-2.5
-0.5
503
10.5
2.5

09/02/00
Liverpool Centre
416
-2.4
-0.5
406
-3.3
-0.7
414
-9.1
-2.1

08/03/00
London A3 Roadside
241
-43.4
-9.4
231
-45
-10
222
-51.1
-12

13/01/00
London Bexley     *
-99
-99
-99
-99
-99
-99
-99
-99
-99

08/03/00
London Bloomsbury
434
1.8
0.4
421
0.3
0.1
472
3.7
0.9

24/01/00
London Brent
414
-3
-0.6
403
-4.1
-0.9
407
-10.6
-2.5

01/03/00
London Cromwell Road 2
436
2.2
0.5
431
2.6
0.6
453
-0.5
-0.1

11/01/00
London Hillingdon
424
-0.6
-0.1
428
2
0.4
487
7.1
1.6

28/02/00
Manchester Piccadilly
422
-1.1
-0.2
422
0.4
0.1
451
-0.9
-0.2

28/02/00
Manchester South
426
0
0
425
1.3
0.3
413
-9.2
-2.1

29/02/00
Manchester Town Hall
464
8.7
1.9
455
8.3
1.8
449
-1.4
-0.3

17/02/00
Middlesbrough
451
5.8
1.3
448
6.6
1.5
463
1.6
0.4

15/02/00
Newcastle Centre
422
-1.1
-0.2
427
1.6
0.4
423
-7.1
-1.7

28/02/00
Norwich Centre
423
-0.7
-0.2
401
-4.5
-1
458
0.7
0.2

29/02/00
Norwich Roadside
529
24
5.2
510
21.4
4.8
564
24
5.6

17/02/00
Nottingham Centre
406
-4.7
-1
389
-7.3
-1.6
446
-2
-0.5

10/01/00
Oxford Centre
459
7.6
1.6
451
7.3
1.6
516
13.4
3.1

20/01/00
Plymouth Centre
409
-4.2
-0.9
424
0.9
0.2
477
4.8
1.1

12/01/00
Reading
406
-4.9
-1.1
399
-4.9
-1.1
437
-4
-0.9

16/02/00
Redcar
487
14.1
3.1
480
14.2
3.2
447
-1.7
-0.4

21/02/00
Rotherham Centre
459
7.6
1.6
461
9.8
2.2
430
-5.5
-1.3

29/02/00
Salford Eccles
460
7.8
1.7
447
6.5
1.4
482
5.9
1.4

26/01/00
Sandwell West Bromwich
448
5.1
1.1
425
1.2
0.3
467
2.6
0.6

22/02/00
Sheffield Centre
447
4.8
1
445
5.9
1.3
462
1.4
0.3

21/02/00
Sheffield Tinsley
436
2.2
0.5
428
1.9
0.4
459
0.8
0.2

07/02/00
Southampton Centre
422
-1.1
-0.2
410
-2.5
-0.6
458
0.6
0.1

01/02/00
Stockport
444
4.1
0.9
423
0.6
0.1
460
1.2
0.3

31/01/00
Stoke-on-Trent Centre
415
-2.6
-0.6
400
-4.8
-1.1
451
-0.9
-0.2

02/03/00
Thurrock
408
-4.2
-0.9
425
1.2
0.3
449
-1.4
-0.3

10/02/00
Walsall Alumwell
426
0
0
406
-3.5
-0.8
453
-0.4
-0.1

31/01/00
Walsall Willenhall
385
-9.8
-2.1
389
-7.4
-1.6
443
-2.8
-0.6

01/03/00
West London
449
5.3
1.2
446
6.1
1.4
456
0.1
0

03/02/00
Wolverhampton Centre
423
-0.8
-0.2
425
1.2
0.3
496
9.1
2.1


N. IRELAND SITES










02/02/00
Belfast Centre
409
-4.1
-0.9
417
-0.6
-0.1
485
6.6
1.5

01/02/00
Derry
408
-4.4
-0.9
411
-2.3
-0.5
472
3.6
0.9


WALES SITES










06/03/00
Cardiff Centre
428
0.4
0.1
418
-0.4
-0.1
469
3
0.7

06/03/00
Port Talbot
369
-13.5
-2.9
365
-13.1
-2.9
387
-15
-3.5

07/03/00
Swansea
428
0.4
0.1
425
1.2
0.3
453
-0.4
-0.1


SCOTLAND SITES










26/01/00
Aberdeen
420
-1.4
-0.3
417
-0.7
-0.2
486
6.7
1.6

08/02/00
Edinburgh Centre
391
-8.3
-1.8
389
-7.3
-1.6
443
-2.7
-0.6

09/02/00
Glasgow Centre
414
-3
-0.6
430
2.4
0.5
540
18.7
4.4

09/02/00
Glasgow City Chambers
425
-0.3
-0.1
379
-9.7
-2.2
479
5.3
1.2

08/02/00
Glasgow Kerbside
390
-8.5
-1.8
386
-8
-1.8
480
5.5
1.3














Mean concentration
426.4


420


455.1




Standard deviation
19.7


18.8


19.5




Audit cyl concentration
435


432


482




Ratio mean : audit
0.980


0.972


0.944



*The analyser at London Bexley developed a fault prior to the audit, which prevented meaningful results being obtained.

Twelve of the 61 analysers tested (20%) were identified as outliers, giving calculated values that were more than 10% from the network mean response.  This result is somewhat better than the previous intercalibration, when sixteen analysers were found to be outliers.

Comparison of the network average results against the actual cylinder concentrations showed that the network underestimates NO concentrations by an average of 2.8%, and NO2 concentrations by an average of 5.6%.  This result is slightly worse than the previous intercalibration, but demonstrates that measurements are accurate and traceable to metrology standards.

Initial investigation of the datasets showed that six of the outliers arose as a result of minor drifts in analyser sensitivity.  Data from the analysers at Bradford Centre, Leamington Spa, Leicester Centre, London Brent, Port Talbot and Redcar will be corrected during ratification, and no data should be lost as a result.

The analysers at Coventry centre and London A3 Roadside were again 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 outlier at Cambridge Roadside arose due to the fact that neither the CMCU or QA/QC unit had received calibration data from the LSO for some time beforehand.  The calibration factors used for this site were therefore older than ideal, which was the sole cause for this outlier.  The data will be rescaled during ratification, and none should be lost during this process.

The outlier at Norwich Roadside arose as a result of incorrect calibration factors used by CMCU.  The ratification process is completely unaffected by this, and no data will be lost from this site.

The outliers at Glasgow Centre and Oxford Centre will be examined further, and data rescaled as necessary.

The NOx converters at nine sites (15%) were found to have fallen below the 95% acceptance limit:

1. Plymouth 

76.1%

2. Manchester South 
88.4%

3. Coventry 

89.1%

4. Glasgow Centre 
92.1%

5. Walsall Willenhall  
92.2%

6. Leeds 

94.4%

7. Glasgow City Chambers 94.6%

8. Rotherham 

94.8%

9. Stoke 

94.8%

Four of these sites were also identified at outliers at the previous intercalibration.  Four 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 converters at Coventry and Plymouth Centre continue to perform unsatisfactorily.  In addition, the analysers at Manchester South, Glasgow Centre and Walsall Willenhall 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 ESU’s have repaired / replaced the offending converters, but these sites will be closely examined at the next audit exercise.

Carbon Monoxide

The table below presents the results of the CO intercalibration, performed using certified transfer standard (audit) cylinders, supplied by NPL.

Date
Site
CO conc.
% dev.
n sigma


ENGLAND SITES




08/03/00
Bath Roadside
21
0.5
0.1

14/02/00
Birmingham Centre
24.5
17.2
4.5

07/02/00
Birmingham East
20.3
-2.9
-0.8

03/02/00
Bolton
21.1
1
0.3

24/02/00
Bradford Centre
19.5
-6.7
-1.8

22/02/00
Brighton Roadside
21.8
4.3
1.1

18/01/00
Bristol Centre
22.1
5.7
1.5

17/01/00
Bristol Old Market
19.7
-5.7
-1.5

02/02/00
Bury Roadside
20.4
-2.4
-0.6

27/01/00
Coventry Centre
20.5
-1.9
-0.5

19/01/00
Exeter Roadside
19.7
-5.7
-1.5

21/02/00
Hove Roadside
20.3
-2.9
-0.8

15/02/00
Hull Centre
22.9
9.6
2.5

02/03/00
Leamington Spa
21.6
3.3
0.9

25/02/00
Leeds Centre
20.7
-1
-0.3

14/02/00
Leicester Centre
22.4
7.2
1.9

09/02/00
Liverpool Centre
19.7
-5.7
-1.5

08/03/00
London A3 Roadside
21.3
1.9
0.5

13/01/00
London Bexley
19.9
-4.8
-1.3

08/03/00
London Bloomsbury
21.1
1
0.3

24/01/00
London Brent
20.9
0
0

01/03/00
London Cromwell Road 2
21
0.5
0.1

11/01/00
London Hillingdon
21.1
1
0.3

28/02/00
Manchester Piccadilly
20.8
-0.5
-0.1

29/02/00
Manchester Town Hall
21.2
1.4
0.4

17/02/00
Middlesbrough
20.7
-1
-0.3

15/02/00
Newcastle Centre
22.3
6.7
1.8

28/02/00
Norwich Centre
21.5
2.9
0.8

17/02/00
Nottingham Centre
21.3
1.9
0.5

10/01/00
Oxford Centre
20.6
-1.4
-0.4

20/01/00
Plymouth Centre
18
-13.9
-3.6

12/01/00
Reading
19.5
-6.7
-1.8

16/02/00
Redcar
22.1
5.7
1.5

29/02/00
Salford Eccles
21.2
1.4
0.4

26/01/00
Sandwell West Bromwich
20.1
-3.8
-1

22/02/00
Sheffield Centre
21.4
2.4
0.6

21/02/00
Sheffield Tinsley
21.2
1.4
0.4

07/02/00
Southampton Centre
20.1
-3.8
-1

01/02/00
Stockport
21
0.5
0.1

31/01/00
Stoke-on-Trent Centre
20
-4.3
-1.1

02/03/00
Thurrock
20.5
-1.9
-0.5

01/03/00
West London
21
0.5
0.1

03/02/00
Wolverhampton Centre
21
0.5
0.1


N. IRELAND SITES




02/02/00
Belfast Centre
21.4
2.4
0.6

01/02/00
Derry
20.5
-1.9
-0.5


WALES SITES




06/03/00
Cardiff Centre
21.8
4.3
1.1

07/03/00
Swansea
21.1
1
0.3


SCOTLAND SITES




26/01/00
Aberdeen    *
-99
-99
-99

08/02/00
Edinburgh Centre
20.2
-3.3
-0.9

09/02/00
Glasgow Centre
20.6
-1.4
-0.4

09/02/00
Glasgow City Chambers
20.1
-3.8
-1

08/02/00
Glasgow Kerbside
21.2
1.4
0.4








Mean concentration
20.9




Standard deviation
0.8




Audit cyl concentration
21.1




Ratio mean : audit
0.991



The analyser at Aberdeen was being repaired at the time of the audit; its performance could not therefore be evaluated.

Just two analysers were identified as outliers: Birmingham Centre and Plymouth Centre gave calculated results that were greater than 10% from the network mean.  This is an excellent result, much better than at the previous exercise when eight 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.  This is a good result, demonstrating that measurements are both accurate and traceable to metrology standards.

The result at Birmingham Centre is due to a minor drift in analyser sensitivity, and should not have any effect on the ratified dataset.  The Plymouth Centre result appears to be due to a bad calibration result at the previous LSO visit.  The calibration history of the analyser will be carefully examined during ratification, but it is unlikely that data will need to be rejected as a result.

Sulphur Dioxide

The table below presents the results of the SO2 intercalibration, performed using certified transfer standard (audit) cylinders, supplied by NPL.

Date
Site
SO2_conc.
%dev.
nsigma


ENGLAND SITES




23/02/00
Barnsley 12
401
0.7
0.2

23/02/00
Barnsley Gawber
411
3.2
0.8

14/02/00
Birmingham Centre
415
4.1
1

07/02/00
Birmingham East
421
5.6
1.3

03/02/00
Bolton
380
-4.7
-1.1

24/02/00
Bradford Centre
390
-2.2
-0.5

18/01/00
Bristol Centre
384
-3.7
-0.9

02/02/00
Bury Roadside
376
-5.6
-1.3

27/01/00
Coventry Centre
291
-27.1
-6.4

19/01/00
Exeter Roadside
412
3.3
0.8

15/02/00
Hull Centre
422
5.8
1.4

02/03/00
Leamington Spa
448
12.5
3

25/02/00
Leeds Centre
379
-4.8
-1.1

14/02/00
Leicester Centre
397
-0.4
-0.1

09/02/00
Liverpool Centre
390
-2.1
-0.5

13/01/00
London Bexley
379
-4.8
-1.1

08/03/00
London Bloomsbury
414
3.9
0.9

24/01/00
London Brent
387
-2.9
-0.7

01/03/00
London Cromwell Road 2
398
-0.2
0

11/01/00
London Hillingdon
418
4.9
1.2

28/02/00
Manchester Piccadilly
398
-0.1
0

28/02/00
Manchester South
411
3.2
0.8

17/02/00
Middlesbrough
390
-2.2
-0.5

15/02/00
Newcastle Centre
405
1.5
0.4

28/02/00
Norwich Centre
436
9.4
2.2

17/02/00
Nottingham Centre
368
-7.8
-1.8

10/01/00
Oxford Centre
373
-6.5
-1.5

20/01/00
Plymouth Centre
396
-0.7
-0.2

12/01/00
Reading
384
-3.7
-0.9

16/02/00
Redcar
408
2.4
0.6

21/02/00
Rotherham Centre
395
-0.8
-0.2

29/02/00
Salford Eccles
394
-1.1
-0.3

26/01/00
Sandwell West Bromwich
356
-10.7
-2.5

16/02/00
Scunthorpe
442
10.8
2.6

22/02/00
Sheffield Centre
403
1.1
0.3

07/02/00
Southampton Centre
400
0.4
0.1

01/02/00
Stockport
417
4.7
1.1

31/01/00
Stoke-on-Trent Centre
518
29.9
7.1

11/02/00
Sunderland
417
4.7
1.1

02/03/00
Thurrock
376
-5.6
-1.3

03/02/00
Wolverhampton Centre
426
6.9
1.6


N. IRELAND SITES




02/02/00
Belfast Centre
404
1.3
0.3

02/02/00
Belfast East
376
-5.7
-1.4

01/02/00
Derry
379
-4.9
-1.2








WALES SITES




06/03/00
Cardiff Centre
400
0.3
0.1

06/03/00
Port Talbot
427
7.1
1.7

07/03/00
Swansea
411
3.1
0.7


SCOTLAND SITES




08/02/00
Edinburgh Centre
381
-4.3
-1

09/02/00
Glasgow Centre
385
-3.4
-0.8








Mean concentration
398.4




Standard deviation
16.8




Audit cyl concentration
403




Ratio mean : audit
0.989



The analysers at five of the 49 sites (10%) were identified as outliers, giving calculated values that were more than 10% from the network mean response.  This result is somewhat better than the previous intercalibration, when nine 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 1.1%.  This is an excellent result, and demonstrates that measurements are accurate and traceable to metrology standards.

The outlier at Scunthorpe was found to be due to a minor drift in sensitivity, no data should be lost as a result.

The outliers at Leamington Spa and Sandwell West Bromwich arose as a result of site cylinder drifts.  The calibration histories of the analysers will be examined during ratification, and data rescaled as necessary.  No data is expected to be lost as a result of this process.

The analysers at Coventry Centre and Stoke-on-Trent Centre 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.

Eleven of the analysers did not meet the required standard:

1. Birmingham Centre 
(12 ppb)

2. Exeter Roadside
(12 ppb)

3. Glasgow Centre 
(11 ppb)

4. Hull Centre

(18 ppb)

5. London Brent 
(13 ppb)

6. Plymouth Centre 
(13 ppb)

7. Port Talbot 

(11 ppb)

8. Rotherham Centre
(17 ppb)

9. Sheffield Centre 
(20 ppb)

10. Stockport 

(12 ppb)

11. Wolverhampton Centre  (13 ppb)

The kickers at Exeter Roadside, Glasgow Centre, London Brent, Plymouth Centre, Rotherham Centre, Sheffield Centre and Stockport were also identified as outliers at the summer 1999 exercise.

These results are better than at the previous intercalibration, where seventeen analyser kickers were identified as outliers.  The magnitude of the outliers is also lower; none showed an interference response of greater than 2%.  To put these results into perspective, at the expected maximum ambient concentrations of m-Xylene (50ppb), even the worst kicker would only show an interference response of around 0.5 ppb.

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

2 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.  

The flow rate of the analyser at Belfast Clara Street was again found to be significantly lower than the required 16.67 litres/min, which may seriously compromise the particle selection efficiency of the PM10 head.  Data from this site will be closely examined, but it is possible that some data may be rejected as a result of these findings.  

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

3 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 20 of the 224 cylinders (~9%) appear to be outside the ±10% acceptance criterion.  This is worse than the previous intercalibration, where only 9 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.

The outlying cylinder results are:

SO2
1. Bury Roadside

2. London Bexley

3. Sandwell West Bromwich

NO

1. Coventry Centre

2. Glasgow City Chambers

3. Glasgow Kerbside

4. Liverpool Centre

5. London Bloomsbury

NO2
1. Billingham

2. Bolton

3. Cambridge Roadside

4. Coventry Centre

5. London Bloomsbury

6. Manchester Piccadilly

7. Manchester South

8. Manchester Town Hall

9. Southampton Centre

10. Stockport

11. Thurrock

12. West London

Of these results, the cylinder calibrations at Coventry Centre were again affected by pressure sensitive responses from the analyser, and are at best, unreliable.

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.

The NO2 cylinders at London Bloomsbury and Thurrock were also identified as outliers at the previous intercalibration, but as these cylinders are not routinely used to scale NOx data, the requirement for replacement is not urgent.  However, they should be returned to NPL at the earliest opportunity.

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

4 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 were introduced to the analysers both at the sample inlet and through the site cylinder inlet, 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 a number of issues were highlighted, at the sites listed below:

1. London A3 Roadside

(NO 40.6%, NO2 35%)

2. London Bloomsbury 

(NO 24.7%, NO2 25.2%)

3. Coventry Centre

(NO 34.2%, NO2 36.6%, SO2 17.9%)

4. Stockport 


(NO2 49.2%)

5. Liverpool Centre

(NO2 15%)

6. Leamington Spa 

(NO –13.3%, NO2 –22%)

The list above shows positive numbers as losses to the manifold.  

At London A3 Roadside and Coventry Centre 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.

The Stockport result appears to be due to a bad calibration by the QA/QC unit operator, who mistakenly pressurised the analyser during the calibration.

The remaining three sites at London Bloomsbury, Liverpool Centre and Leamington Spa appear to be the only sites of the 65 audited, where sampling losses were found to be significant at this intercalibration.  As at previous exercises, the issues were successfully addressed during routine servicing and cleaning of the sampling systems. 

5 LSO Audits

During the intercalibration, 37 of the 50 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.

6 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.

7 Summary

The table below presents a summary of the findings of the network intercalibration undertaken between January and March 2000:

Parameter
Number of outliers
Number in network
% outliers in total

Ozone analyser
14
42
33%

NOx analyser
12
61
20%

CO analyser
2
53
4%

SO2 analyser
5
49
10%

TEOM analyser
0
41
0%

Total
33
246
13%






Sample inlet systems
3
65
5%

Cylinders
20
224
9%

The table shows that data from the network show an ongoing high level of accuracy and consistency; an important result, given the large numbers of organisations, equipment and LSO’s involved in the operation of the network.  The overall proportion of analyser outliers identified has been seen to decrease at this exercise, from 18% at the summer 99 exercise to 13%.  This is a direct result of the increasing maturity of the network, experience of the operators, and the quality assurance and control systems implemented by NETCEN.

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.   

Appendices



CONTENTS

Appendix 1
Network Certificate of Calibration



Appendix 1

Certificate of Calibration



