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1 INTRODUCTION

BMT Cordah Limited has been commissioned by Stirling Council to conduct monitoring of
atmospheric nitrogen dioxide (NO,) concentrations in the Stirling Council area through the use of
passive diffusion tubes. This report presents the results of the 2006 diffusion tube monitoring
campaign.

2 NO, ASSESSMENT CRITERIA

The Air Quality Strategy for England, Scotland, Wales and Northern Ireland® outlines various air
quality standards and objectives for eight main pollutants. These have been transposed into
legislation through the Air Quality (Scotland) Regulations 2000 and the Air Quality (Scotland)
Amendment Regulations 2002. The NO, air quality objectives are presented in Table 1. The Air
Quality Strategy also introduced the Local Air Quality Management (LAQM) framework which
requires local councils to assess air quality within the council area. It recommends monitoring of
pollutants in order to assist with determining compliance with the air quality objectives.

Table 1: Air Quality Objectives for NO,

Concentration Measured as Equivalent percentile Date to be
achieved by
40ug/m® Annual mean - 31/12/2005
200pg/m® not to be exceeded 1 hour mean 99.79" percentile of 1 hour 31/12/2005
more than 35 times a year mean concentrations
3 STIRLING NO, DIFFUSION TUBE NETWORK

During 2006, Stirling Council operated a network of 24 diffusion tubes placed at strategic positions
throughout the council area. The locations of the diffusion tubes are presented in Figures 1 and 2,
and Table 2. Many of the tubes are located at kerbside and roadside sites in order to monitor the
impact of traffic on local air quality since road traffic emissions are the main source of NO, emissions
within the Council area. Stirling Council also installed an automatic analyser in order to monitor NO,
concentrations more closely.

Four new tubes were added to the network in 2006. These were: Drip Road, Gowanhill Gardens and
two for the co-location study at the automatic analyser. The existing tube located at the south of
Craigs roundabout was moved to the new automatic analyser location in order to provide the 3 tubes
necessary for the co-location study.

! Defra et al, (2000). The Air Quality Strategy for England, Scotland, Wales and Northern Ireland: Working Together for
Clean Air. HMSO: London.
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Table 2: Locations and classification of diffusion tube monitoring sites

Site Location Classification Grid
Number Reference
1 Port Street, Stirling Kerbside NS 796 933
2 Callander Roadside NN 629 078
3 Bridge of Allan Roadside NS 795 974
4 Dunblane Roadside NN 781 006
5 Lochearnhead Rural NN 611 231
6 Aberfoyle Roadside NN 522 010
7 Killearn Roadside NS 524 862
8 Cambusbarron Suburban NS 778 927
9 Causewayhead, Stirling Kerbside NS 797 944
10 Springkerse Road, Stirling Industrial NS 805 929
11 St Modans, Stirling Roadside NS 794 913
12 Lennox Avenue, Stirling Urban Centre NS 799 914
13 Craigs Roundabout (1), Stirling Roadside NS 837 888
14 Redland Tiles, Cowie Kerbside NS 803 930
15 Ochil View, Cowie Other NS 847 891
16 Balfron Roadside NS 796 946
17A Craigs Roundabout (2), (automatic analyser), Stirling Roadside NS 803 929
17B Craigs Roundabout (2), (automatic analyser), Stirling Roadside NS 803 929
17C Craigs Roundabout (2), (automatic analyser), Stirling Roadside NS 803 929
18 Burn of Cambus, near Doune Other NN 706 030
(Construction)
19 Milton of Cambus, near Doune Other NN 706 034
(Construction)
20 Essmitchell, near Doune Other NN 700 055
(Construction)
21 Drip Road Roadside NN 789 947
22 Gowanhill Gardens Roadside NN 788 944

DIFFUSION TUBE ANALYSIS AND QUALITY ASSURANCE

The analysis of the diffusion tubes was carried out by Bodycote Materials Testing Clyde Analytical
Limited. Bodycote is accredited to undertake NO, diffusion tube analysis by the United Kingdom
Accreditation Service (UKAS)?.

It is acknowledged that measured concentrations using diffusion tubes are not as accurate as using
continuous automatic monitoring techniques. They do, however, provide a cost effective way of
measuring ambient concentrations at numerous locations over a large geographical area. In order to
account for any inaccuracies in diffusion tube monitoring results, it is recommended that the tubes
are co-located with an automatic analyser to determine a bias adjustment factor which can then be
applied to diffusion tube monitoring results. It is preferable to have a complete set of 12 months data
available before calculating a bias adjustment factor; however, 9 months data can be used as a
minimum?®. Stirling Council installed a chemilluminescence automatic analyser at the beginning of
2006. Three diffusion tubes were co-located with the analyser in order to determine a bias
adjustment factor.

The automatic analyser was not fully operational until June 2006; therefore, it is not possible to
calculate a bias adjustment factor because there are not 12 months data available. The diffusion

2 Schedule of accreditation issued by United Kingdom Accreditation Service, issued 10" April 2006.
% Defra et al (2003). Part IV of the Environment Act 1995. Local Air Quality Management Technical Guidance,
LAQM.TG(03). Defra: London.
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tubes located at the automatic analyser during June, July and August went missing; therefore, no
results for the co-location study were available for these months. To help prevent further vandalism,
a cage to protect the diffusion tubes was installed in September 2006. Twelve months data will,

therefore, be available in September 2007.

In order to give an indication of the bias adjustment factor that may be obtained, a factor was
calculated for the four months available data. The data used in the bias adjustment calculation are
presented in Table 3. The bias adjustment indicates that the tubes may have over-estimated by an
average of 31%. If this factor is applied to the diffusion tube results it decreases the concentrations
to below the annual mean objective.

Table 3: Bias adjustment calculation

Month Diffusion tube Automatic Percentage Bias adjustment
NO, analyser NO, difference (%) factor
concentration concentration
(ug/m°) (ug/m?)
September 33.7 27.7 -22 0.82
October 43.7 32.9 -33 0.75
November 43.1 30.8 -40 0.72
December 43.8 33.8 -30 0.77
Four month mean 41.1 31.3 -31 0.77

BMT Cordah Limited

April 2007
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RESULTS AND RECOMMENDATIONS

The results of the 2006 NO, monitoring are presented in Table 4. The data presented in the table
were not corrected for bias. The annual mean concentration and data capture rate for each site is
also reported. The data capture rate is important to take into account when determining compliance
with air quality objectives. Ideally, a data capture rate of 90% or more is required to determine
compliance with objectives; however, exceedences may be demonstrated with lower capture rates”.

Craigs Roundabout (1) recorded an annual mean concentration of 40.3ug/m?® which is slightly above
the NO, air quality objective. This site had a data capture rate of 66.7% which is below the
recommended 90%. Four months data were missing, three of which were over the summer months
when pollutant concentrations are generally expected to be lower. The results for this site should,
therefore, be treated with caution. This location, however, is not at one of relevant public exposure.
The nearest receptors are 50m from this location and so it is not expected that there will be an
exceedence at the relevant receptors.

The diffusion tube at Port Street recorded an annual mean concentration of 40pg/m® which is equal
to the objective level. The data capture rate at this site was 75% and there has been no bias
adjustment factor applied to this result, therefore, the results should be treated with caution. Port
Street, however, is a busy street with buildings on each side and is an area with relevant public
exposure. The results indicate that there is a risk of the annual mean objective being exceeded at
this site.

An additional tube has been added to this location for 2007 monitoring and it is recommended that
Stirling Council consider purchasing an automatic analyser for this site. An automatic analyser will
provide more accurate information for determining compliance with both the annual mean and 1-hour
mean NO, air quality objectives.

* Defra et al (2003). Part IV of the Environment Act 1995. Local Air Quality Management Technical Guidance,
LAQM.TG(03). Defra: London.
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Table 4: NO, diffusion tube monitoring results, 2006

Monitoring Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Annual Data
Mean Capture (%)
1. Port Street, Stirling 58.6 46.8 M 33.5 34.5 M 28.4 27.0 M 31.2 58.0 42.0 40.0 75.0
2. Callander 23.2 5.9 20.0 15.2 12.2 17.7 19.5 9.5 M 32.3 M 23.2 17.9 83.3
3. Bridge of Allan 39.7 34.6 40.4 21.8 20.8 25.7 21.2 13.7 37.1 36.5 44.7 39.8 31.3 100
4. Dunblane 32.8 27.1 26.0 16.4 11.4 144 12.9 8.9 27.2 26.8 35.8 29.8 225 100
5. Lochearnhead 4.0 4.0 4.6 4.0 4.0 4.0 M 4.0 M 15.4 4.0 4.0 5.2 83.3
6. Aberfoyle 17.6 8.9 20.2 13.6 10.8 4.0 10.0 14.3 154 21.2 26.6 19.6 15.2 100
7. Killearn 23.6 17.5 20.8 9.8 10.6 10.3 8.6 6.7 214 23.9 23.2 23.0 16.6 100
8. Cambusbarron M 29.5 38.5 14.0 19.1 15.8 10.0 8.9 27.7 35.2 34.2 26.0 23.5 91.7
9. Causewayhead, Stirling 44.6 32.1 35.3 16.0 23.9 26.4 29.5 24.1 M 38.0 64.9 40.4 34.1 91.7
10. Springkerse Road, Stirling 45.2 33.3 35.4 215 18.9 21.1 19.1 7.0 28.6 26.2 39.6 23.0 27.4 100
11. St Modans, Stirling 38.6 M 32.7 12.3 16.3 8.2 16.1 4.8 30.9 28.3 35.2 314 23.2 91.7
12. Lennox Avenue, Stirling 29.5 254 29.8 12.2 11.1 12.1 12.4 M 21.9 26.8 274 35.2 22.2 91.7
13. Craigs Roundabout (1), Stirling M 58.8 47.6 47.1 M M M 10.3 41.6 38.4 35.6 42.7 40.3 66.7
14. Redland Tiles, Cowie 36.4 26.6 32.8 13.1 21.9 23.1 18.1 8.7 30.2 33.2 34.6 27.9 25.6 100
15. Ochil View, Cowie 34.0 21.7 M 18.4 M 15.6 11.5 5.6 20.7 24.5 35.0 30.8 21.8 83.3
16. Balfron 28.9 23.2 23.1 10.4 11.5 10.9 7.9 7.9 19.5 21.7 18.6 21.6 17.1 100
17A. Craigs Roundabout (2), Stirling 52.3 30.1 40 22.0 26.8 - - - - - - - 34.2 41.7
17B. Craigs Roundabout (2) M 41.4 42 12.0 18.9 - - - - - - - 28.6 41.7
(Nelson Place), Stirling
17A. Craigs Roundabout (2) - - - - - M M M 33.9 38.2 43.2 45.3 40.2 57.1
(automatic analyser)
17B. Craigs Roundabout (2) - - - - - M M M 33.9 39.7 46.4 42.7 40.7 57.1
(automatic analyser)
17C. Craigs Roundabout (2) M 28.6 35.8 18.1 23.3 M M M 33.2 53.1 39.6 43.4 34.4 57.1
(automatic analyser)
Co-location study average 28.6 35.8 18.1 23.3 - - - 33.7 43.7 43.1 43.8 33.8
18. Burn of Cambus, near Doune 16.5 13.1 19.3 11.7 8.8 9 11.0 4.0 19.2 16.2 24.7 13.1 13.9 100
19. Milton of Cambus, near Doune 7.1 4 M 4.0 4.0 M 5.5 4.0 M M 9.8 4.0 5.3 66.7
20. Essmitchell, near Doune 9.1 4 12.2 4.0 4.0 4.0 4.0 4.0 26.6 10.6 18.5 5.3 8.9 100
21. Drip Road - 41.7 35.2 27.4 22.6 22.4 32.2 18.9 38.9 32.3 45.6 41.8 32.6 91.7
22. Gowanhill Gardens - 20.1 24 M M 8.6 M M 26.6 21.7 M 22.2 20.5 50.0
BMT Cordah Limited 5 April 2007
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6 CONCLUSION

The results of the 2006 NO, diffusion tube monitoring in the Stirling Council area demonstrate that
there were two potential exceedences of the annual mean NO, air quality objective. The highest
recorded annual mean concentration occurred at Craigs Roundabout (1) in Stirling; however, this
location is not at a point of relevant public exposure. An exceedence was also recorded at Craigs
Roundabout (1) in 2005. As a result of this, an automatic analyser was installed at a location closer
to receptors in order to obtain a more accurate measure of NO, concentrations.

The second highest measured NO, concentration of 40pug/m® which is equal to the objective level,
was recorded at Port Street. Port Street is a location of relevant public exposure. It is recommended
that further monitoring is carried out at Port Street, ideally through the installation of an automatic
analyser or alternatively, through the use of additional diffusion tubes in this area. The installation of
an automatic analyser would allow more accurate identification of any exceedences of the annual
mean and the 1-hour mean NO, air quality objectives.

Stirling Council installed an automatic analyser at Craigs Roundabout at the beginning of 2006 in
order to obtain more accurate monitoring data and also to undertake a co-location study to determine
a bias adjustment factor for the diffusion tube results. The analyser was not fully operational until
June 2006 and the loss of three months results prevents calculation of a bias adjustment factor until
September 2007. A bias adjustment factor for the four months available data was calculated in order
to give an indication of the corrected NO, concentrations. The bias adjustment calculation suggests
that the diffusion tubes may have over-estimated the actual NO, concentration by approximately
31%, meaning that actual NO, concentrations in the area may be below the annual mean objective.

It is recommended that the results of the diffusion tube monitoring are treated with caution until a
bias adjustment factor based on a complete set of 12 months data, or 9 as a minimum, can be
calculated.
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