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Executive Summary 

Local authorities have a statutory duty to regularly review and assess air quality within their 
boundaries under Part IV of the Environment Act 1995.  These reviews and assessments form the 
cornerstone of Local Air Quality Management (LAQM), and provide a systematic framework for 
assessing the risk of the air quality objectives being exceeded.  Where an air quality objective in 
unlikely to be met, the Local Authority must designate an Air Quality Management Area (AQMA). 
 
Mid Devon District Council’s (MDDC’s) Updating and Screening Assessment (USA) 2006, showed that 
the air quality objectives for benzene, 1, 3-butadiene, carbon monoxide, lead, sulphur dioxide (SO2) 
and particulate matter (PM10) were all likely to be met across the district, excluding within the already 
declared AQMAs of Crediton and Cullompton.  The USA identified the possibility for potential 
exceedences of the annual mean nitrogen dioxide (NO2) objective close to Leat Street, in Tiverton. 
 
Peter Brett Associates was commissioned by MDDC to undertake a Detailed Assessment, to identify 
the extent and magnitude of likely exceedences of the annual mean NO2 objective, along Leat Street, 
in Tiverton. 
 
Annual average concentrations of NO2 are predicted to exceed 40 µg/m3 along the centre of the road 
at the southern section of Leat Street.  This exceedence was not predicted to extend as far as the 
façades of properties on Leat Street and therefore there were no exceedences where there is relevant 
exposure.  

To account for uncertainties in air quality modelling, LAQM.TG(03) suggests that predicted 
concentrations greater than 36 µg/m3 may exceed the annual mean objective.  Concentrations exceed 
36 µg/m3 at the façades of ten properties at the southern end of Leat Street, however due to the 
conservative approach used within modelling, there is unlikely to be any exceedence of the annual 
mean NAQO for NO2 at these properties.   

 
It is recommended that current monitoring be continued to confirm modelling results and inform any 
likely change in current air quality within Leat Street. 

 

 
 

 

 

 

 

 
 
 
 
 
 
This executive summary contains an overview of the key findings and conclusions.  However, 
no reliance should be placed on any part of the exe cutive summary until the whole of the 
report has been read. 
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1. Introduction 

1.1. Scope 

1.1.1. Mid Devon District Council (MDDC) has commissioned Peter Brett Associates (PBA) to 
undertake a Detailed Assessment of nitrogen dioxide (NO2) concentrations within the street 
canyon1 Leat Street, Tiverton, following the results of the Updating and Screening 
Assessment (USA) (2006). 

1.1.2. Leat Street lies adjacent to the John Heathcoat & Co. Ltd textiles factory.  In order to 
accurately predict NO2 concentrations within the vicinity of Leat Street, the detailed 
assessment has included both emissions from traffic and the textiles factory.   

1.2. Previous Local Air Quality Management Assessments 

1.2.1. Local authorities have a statutory duty to periodically review and assess air quality in their 
area under Part IV of the Environment Act 1995.  These reviews and assessments form the 
cornerstone of Local Air Quality Management (LAQM), and provide a systematic framework 
for assessing the risk of the air quality objectives being exceeded. 

1.2.2. The UK Government has issued technical guidance (LAQM.TG(03)) and additional updates, 
plus policy guidance (LAQM.PG(03), to support local authorities in undertaking this work. 

1.2.3. The first round of Air Quality Review and Assessment by MDDC, completed in 2000, 
concluded that the National Air Quality Objectives (NAQOs) would be achieved across the 
district. 

1.2.4. The second round of Review and Assessment introduced a two staged approach, namely an 
Updated and Screening Assessment (USA), followed by a Detailed Assessment, where 
required.  MDDC’s USA (2003) identified potential exceedences of the annual mean NO2 
and PM10 objectives within Crediton. 

1.2.5. A Detailed Assessment (2004) confirmed that the NO2 and PM10 objectives would be 
exceeded in the majority of the built up area of Crediton.  As a result of these findings MDDC 
declared an Air Quality Management Area (AQMA) in November 2004.   

1.2.6. The third round of Review and Assessment has so far included a USA (2006) of air quality 
within the district.  This most recent USA provides an update of the conclusions of the 
Council’s previous USA (2003) and Detailed Assessment (2004).   

                                                
1 A relatively narrow street with buildings on both sides, where the height of the building is generally greater than 
the width of the road. 
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1.2.7. As part of the 2006 USA, a Detailed Assessment was carried out to assess likely 
exceedences of annual mean NO2 and PM10 objectives within the town of Cullompton.  This 
was based on new monitoring information and changes in traffic management within 
Cullompton.  The assessment confirmed exceedence of the NO2 objective and, in December 
2006, lead to declaration of an AQMA in the entire built up area of Cullompton.   

1.2.8. The 2006 USA identified that the annual mean objective for NO2 may be exceeded along 
Leat Street, within Tiverton.  This Detailed Assessment considers the risk and extent of 
exceedence of the annual mean NO2 NAQO at this location. 

1.3. Report Structure 

1.3.1. The structure of the report is set out as follows: 

� Section 2 outlines details of the relevant air quality legislation and policy 

� Section 3 discusses the current air quality within Tiverton 

� Section 4 presents the study methodology and verification data 

� Section 5 presents the predicted NO2 concentrations and recommendations 

� Section 6 provides the conclusions of the detailed assessment 
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2. Policy & Legislation 

2.1. Local Air Quality Management (LAQM) 

2.1.1. The Environment Act 1995 introduced a system of LAQM.  This requires local authorities to 
regularly and systematically review and assess air quality within their boundaries against a 
series of objectives, and appraise development and transport plans against these 
assessments. 

2.1.2. LAQM requires local authorities to assess the likelihood of the air quality objectives for seven 
key pollutants being achieved within their boundaries.  These pollutants are benzene, 1,3 
butadiene, carbon monoxide, lead, NO2, PM10, and sulphur dioxide (SO2). 

2.1.3. The first round of the review and assessment process was generally completed between 
1998 and 2001.  The Government recommended local authorities undertake a four stage 
approach with increasing detail at each assessment stage. 

2.1.4. The second and third rounds of review and assessment each comprise two phases.  The 
first stage is to complete an USA to identify any changes since the previous round that may 
lead to exceedences of the air quality objectives.  If the USA highlights a likely exceedence 
of the air quality objectives the local authority is required to carry out a Detailed Assessment 
for the pollutants and locations of concern. 

2.1.5. The aim of the Detailed Assessment is to determine, with reasonable certainty, the 
magnitude and extent of any likely exceedences of the air quality objectives.  Where an air 
quality objective is unlikely to be met, the local authority must designate an AQMA and may 
need to draw up an Action Plan setting out the measures it intends to introduce in pursuit of 
the objectives within its AQMA. 

2.1.6. MDDC have produced an Air Quality Action Plan (2006) for the Crediton AQMA outlining the 
measures to improve air quality in the affected areas of Crediton.  MDDC expect to publish 
an Action Plan for its Cullompton AQMA by June 2008. 

2.2. Air Quality Strategy 

2.2.1. The Air Quality Strategy (2007) establishes the policy for ambient air quality for the UK.  Its 
primary objective is to ensure that everyone can enjoy a level of ambient air quality in public 
places which poses no significant risk to health or quality of life.  The Strategy sets out the 
national air quality objectives (NAQOs).  Those included in LAQM are prescribed in the Air 
Quality (England) Regulations 2000 and the Air Quality (Amendment) (England) Regulations 
2002. 
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2.2.2. The NAQOs for NO2 set out in the Air Quality Regulations (England) 2000, are shown in 
Table 1. 

 

Pollutant Objective 
Date to be achieved 
by and maintained 

thereafter 

200 µg/m3 measured as a 1 hour mean, not to 

be exceeded more than 18 times a year 
31 December 2005 

Nitrogen dioxide 

(NO2)  

40 µg/m3 measured as an annual mean 
31 December 2005 

2.3. Exposure 

2.3.1. The air quality objectives apply to outdoor locations where people are regularly present, and 
where they might reasonably be expected to be exposed over the relevant averaging times.  
The air quality objectives do not apply to occupational, indoor or in-vehicle exposure. 

2.3.2. The technical guidance (LAQM.TG(03)) provides advice as to where the NAQOs apply.  
Annual mean objectives apply at all locations where members of the public might be 
regularly exposed, for example, facades of residential properties, schools, hospitals and 
libraries. 

2.3.3. The one-hour objective (NO2) also applies at kerbside sites (e.g. the pavements of busy 
shopping centres), those parts of car parks and bus and railway stations which are not fully 
enclosed, and any other places where the public might reasonably be expected to spend one 
hour or longer. 

Table 1 Current Objectives included in the Air Quality (England) Regulations 2000 
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3. Monitoring Data 

3.1. NO2 concentrations 

3.1.1. Figure 1 shows the location of the chemiluminescent analyser and passive diffusion tube 
within Tiverton. 

3.1.2. In December 2006, MDDC commissioned a new monitoring station on Leat Street (near Elm 
Terrace) for measuring NO2.  Monitored hourly concentrations for NO2 from the Leat Street 
monitor from December 2006 – October 2007 (10 months of data) are provided in Appendix 
1.   

3.1.3. As the monitoring at the continuous monitor was undertaken for less than one year, the 
annual mean concentration was estimated using the method outlined in LAQM.TG(03). The 
period mean adjustments were calculated using data from the rural background continuous 
monitors at Yarner Wood and Somerton.  This enables regional scale differences between 
the period mean and annual mean to be accounted for.  Details are provided in Appendix 2. 

3.1.4. The estimated annual mean NO2 concentration for 2007 is 37µg/m3. 

3.1.5. MDDC also operate a diffusion tube on Leat Street (outside house number 16), in Tiverton.   

3.1.6. Table 2 summarises the NO2 monitoring data from the Leat Street diffusion tube for the 
years 2003 to 2006.  All tubes represent over 90 % data capture. 

 
Year Annual mean NO 2 

concentration (µg/m 3) 

2003 42 

2004 34 

2005 42 

2006 37 

3.1.7. Gradko International Ltd., a UKAS accredited laboratory, provides and analyses the diffusion 
tubes. The diffusion tubes used were 50% Triethanolamine (TEA) in deionised water. 
Analysis is carried out in accordance with documented in-house Laboratory Method GLM6. 

3.1.8. Table 2 shows that in 2003 and 2005, there was a measured exceedence of the 40 µg/m3 
annual mean NO2 NAQO, but that in 2004 and 2006 the NAQO was achieved. 

Table 2 Monitored annual mean NO2 concentrations, at Leat Street diffusion tube, Tiverton, 2003 - 2006 
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3.1.9. Diffusion tube concentrations have been bias-adjusted using local correction factors shown 
in Table 3, based on results from the triplicate of diffusion tubes co-located with the Exeter 
Road continuous monitor, in Crediton. 

 
Year Bias-adjustment Factor 

2003 1.170 

2004 1.131 

2005 1.146 

2006 0.96 

Table 3 Bias-adjustment factors applied for Leat Street diffusion tube. 
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4. Methodology 

4.1. Scope 

4.1.1. The aim of this Detailed Assessment is to identify the extent and magnitude of any likely 
exceedence of the annual mean NO2 objective along Leat Street in Tiverton.  It provides 
MDDC with a clearer picture of the extent of the NO2 identified from monitoring data. 

4.1.2. Annual mean concentrations of NO2 are estimated based on emissions of nitrogen oxides 
(NOx) from road traffic and the John Heathcoat & Co. Ltd factory, which lies adjacent to Leat 
Street.  The factory consists of a number buildings, as shown in Figure 1.   

4.1.3. The John Heathcoat factory is a textiles factory with ten authorised emission points to air, of 
which only seven are in operation.  These include (as in Figure 2): 

� a Combined Heat and Power (CHP) plant stack (A1), 

� a main stenter oven stack (A2), 

� a boiler stack (A9), 

� Three minor emission points (A3, A8 and A10)2, and 

� Proposed new stenter and new gas-fired boiler. 

4.1.4. The dispersion model outputs were linked to a GIS system to allow presentation of the 
results as contours superimposed on OS mapping for the area. 

4.1.5. Modelling was carried out for the 12 month period between October 2006 to September 
2007.  This period was selected to enable model verification using data from the new 
continuous monitor on Leat Street. 

4.1.6. Meteorological and monitored data for the period 1st October 2006 to 30th September 2007 
were used, but all other model inputs were for 2007. 

4.2. Choice of dispersion model 

Traffic Impact 

4.2.1. Air quality modelling was carried out to predict concentrations of NOx
3  using the ADMS-

Roads (version 2.2) dispersion model. 

                                                
2 Of the ten authorised emission points, seven are minor stenters.  Only three of these have been considered 
within modelling, as sources A4 to A7 are no longer operational. 
3 NOx is a mixture of two pollutants; NO2 and nitric oxide (NO). Within this report all NOx values are expressed 
assuming that NOx has the molecular weight of NO2 i.e. NOx as NO2 
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4.2.2. The intelligent gridding option was selected. This option substantially reduces the spacing 
between output points such that close to the modelled road the output points are less than 3 
m apart, while further from the source it may be up to 40 m apart. This ensures that the 
results well represent the concentrations gradients close to the main roads, and hotspots are 
not missed. 

 
Industrial Sources Impact 

4.2.3. The impact of the emissions from the John Heathcoat factory on air quality was modelled 
using ADMS-4.  It is possible to use ADMS-Roads to model emissions from up to seven 
point sources, but this model does not allow the effect of nearby buildings to be taken into 
account.  As the CHP, boiler and main stenter are located on the factory buildings, building 
downwash effects are likely to influence dispersion; therefore ADMS-4 was used.   

4.3. Model input parameters 

4.3.1. The modelled area is predominantly suburban housing with a relatively small town centre.  A 
surface roughness of 0.4 m was therefore used in the modelling. 

4.3.2. A significant amount of heat is generated by traffic and buildings within a town and prevents 
the atmosphere becoming very stable. In ADMS-Roads, the stability of the atmosphere is 
represented by the Monin-Obukhov length. The effects of urban heating is that the Monin-
Obukhov length will never fall below a certain value. A minimum Monin-Obukhov length of 
30m was used in the modelling to represent a town with a population over 50,000. 

4.4. Modelling Domain 

4.4.1. A modelling domain covering Leat Street itself and the adjoining road junctions was used to 
represent the highlighted area of exceedence in the 2006 USA.  The modelled area covers a 
500 x 500 m area, to include emissions from Leat Street and the John Heathcoat factory.  

4.5. Street canyons 

4.5.1. The ADMS-Roads street canyon feature takes account of the additional turbulence 
generated and different dispersion characteristics inside a street with relatively tall buildings 
on either side, known as a street canyon. LAQM.TG(03) defines a street canyon as a 
relatively narrow street with buildings on both sides, where the height of the building is 
greater than the width of the road. 

4.5.2. Street canyons effects can lead to increased pollutant concentrations within the street 
canyon, particularly at low wind speeds. 
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4.5.3. The majority of Leat Street was treated as a street canyon, with the exception of the northern 
section.  The street canyon feature was selected where Leat Street is surrounded along its 
western edge by houses and along its eastern edge by the buildings of the John Heathcoat 
& Co. Ltd. Factory.  The section of Leat Street which were modelled as a normal road source 
and those sections which were modelled as a street canyon are shown in Figure 2.   

4.6. Meteorological Data 

4.6.1. Hourly sequential meteorological data from Exeter Airport for the 1st October 2006 to 30th 
September 2007 was used in the model. Exeter Airport is located approximately 20 km south 
of Tiverton and gives a good representation of meteorological conditions across the 
modelled area. 

4.6.2. Hours with calm winds (less than 0.75m/s) or missing data are not used in the model 
calculations. Of the 8760 hours of meteorological data in 2006, 99.8% were used in the 
modelling. 

4.6.3. Figure 3 shows the wind rose for Exeter Airport for the period 1st October 2006 to 30th 
September 2007. 

4.6.4. ADMS-Roads and ADMS 4 allow a different surface roughness to be specified at the 
meteorological site to account for variation in meteorological conditions between the 
monitored and modelled sites. A value of 0.2m was input for the Exeter Airport 
meteorological site, as estimated by the UK Meteorological Office. 

4.7. Road traffic data 

4.7.1. ADMS-Roads was used to predict concentrations of NOx for consideration of the traffic 
component of the assessment.  

4.7.2. An Automatic Traffic Count (ATC) was carried out for Leat Street between 30th October – 5th 
November 2007 and the data used to estimate Annual Average Daily Traffic flows (AADT) 
(10259), percentage Heavy Duty Vehicles (HDVs) (6%) and average speeds (42 kph). Road 
widths for each of the modelled links were measured from digital Ordnance Survey maps.  

4.7.3. Traffic emissions were calculated using the February 2003 Emission Factors Toolkit (EFT) 
v2e issued by Casella Stanger on behalf of DEFRA. 
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4.8. Industrial Source Data 

Emissions data 

4.8.1. The parameters used in the ADMS-4 model for each stack are based on information 
provided in the Air Quality Assessment for the John Heathcoat & Co. Ltd. for the Pollution, 
Prevention and Control Permit (PPC)4. The emissions data for the CHP, boiler, main stenter 
and other sources (including the new stenter and new boiler) are presented in Appendix 2.  

4.8.2. According to the PPC Air Quality Assessment (2006), for the minor stenter emissions, the 
emission parameters have been pro-rated based on the flow rate of exhaust gases through 
the vents. Details of vent diameters and volume flow rates for these minor stenter emissions 
have been obtained from local exhaust ventilation (LEV) surveys of these emissions5. 

4.8.3. The new stenter will vent through two stacks (2 m apart).  It has been modelled as one 
emission source.  

 
 
Building Downwash 

4.8.4. Where chimney stacks protrude from roofs or are attached to the side of a building, buildings 
can have a significant effect on the dispersion of pollutants from sources, and can result in 
an increase in concentrations at ground level.  This increase in ground level concentrations 
is caused by building downwash, occurring when pollutants become entrained into the cavity 
region in the immediate leeward side of a building, bringing pollutants rapidly down to ground 
level. 

4.8.5. To account for any building downwash, the buildings of the John Heathcoat & Co. Ltd. 
factory and the relevant parameters associated with them have been included within the 
modelling.  Details of this information are summarised in Table 4, and details of their location 
with respect to Leat Street are illustrated in Figure 1: 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
4 Air Quality Assessment of Emissions from the Tiverton Factory (John Heathcoat and Company Limited.), Gair 
Consulting Report, November 2004 and June 2006. 
5 LEV Surveys carried out at John Heathcoat & Company Limited over the period 3rd to 7th May 2004, R S Bridge 
Report. 
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Building 
No. 

Height 
(m) 

Location of Centre of 
Building 

Length 
(m) 

Width 
(m) 

Angle 
(°) 

B1 21 295158, 112762 54 24 165 

B2 5.5 295154, 112786 50 24 162 

B3 9 295149, 112819 20 28 160 

B4a 10 295101, 112938 72 65 160 

B4b 14 295159, 112858 27 16 160 

B4c 5.5 295128, 112874 72 72 160 

B5 6.5 295206, 112832 65 44 165 

B6 9 295184, 112901 48 72 162 

B7 10 295173, 112948 50 18 162 

B8 7.5 295286, 112839 73 76 165 

B9 6.5 295234, 112920 41 45 167 

4.9. Background Monitoring Data 

4.9.1. The closest UK Automatic Urban and Rural Network (AURN) monitoring sites to Tiverton are 
at Somerton, approximately 55 km to the north-east, and at Yarner Wood, 40 km to the 
south-west.   

4.9.2. Table 5 shows the annual mean NO2 concentrations measured using continuous monitoring 
stations at Somerton and Yarner Wood, from 2004 to 2006. 

 
Annual mean NO 2 concentration (µg/m 3) Year 

Somerton Yarner Wood 

2004 9 8 

2005 8 9 

2006 8 5 

4.9.3. The annual mean NO2 concentrations at the Somerton and Yarner Wood continuous 
monitors were very low due to their rural location. 

4.9.4. It is considered these extremely low background concentrations would be unrepresentative 
of background concentrations at Tiverton.  In the absence of alternative urban background 
monitoring, modelled data for 1 km x 1 km grids provided by the National Environmental 
Technology Centre (NETCEN) on behalf of the Department for Environment, Food and Rural 
Affairs (DEFRA) has been used to determine the background air quality in the area.  This is 

Table 4 Buildings included in modelling  

 

Table 5 Annual mean NO2 concentrations measured using continuous monitors, 2004-2006 

 



Leat Street, Tiverton 
Local Air Quality Management, Detailed Assessment 

 15 C:\Documents and Settings\jhamer\Local Settings\Temporary 
Internet Files\OLK98\20443_DetailedAssessment_Final.doc 

only slightly higher than the concentrations measured at the rural background sites, however 
it is the only data available.  

4.9.5. Background NO2 concentrations are predicted to decline in future years, and have been 
estimated according to the DEFRA guidance LAQM.TG(03). 

4.9.6. Table 6 provides the background data predicted by Netcen for Leat Street, for 2007. 

 
 

Pollutant Annual mean 
concentration (µg/m 3) 

Nitrogen Oxides (NOx) 12.6 

Nitrogen Dioxide (NO2) 10.3 

4.10. Model verification 

4.10.1. Modelling was carried out for the period 1st October 2006 to 30th September 2007 to predict 
NOx concentrations at the location of the Leat Street continuous monitor, for model 
verification. 

4.10.2. The LAQM.TG(03) guidance advises the use of a continuous monitor or at least five 
roadside diffusion tubes for the calculation of a NOx adjustment factor.  In this detailed 
assessment, verification has been based on NOx data from the continuous monitor, and from 
the diffusion tube within Leat Street, using monitoring data for the year 20066. 

4.10.3. Table 7 shows the model verification using the continuous monitor and diffusion tube located 
along Leat Street. 

Monitored Modelled* 

Monitor 
Background 
NOx(µg/m 3) 

Total 
NOx 

(µg/m 3) 

Roadside+ 
Industrial 

NOx 

(µg/m 3) 

Roadsid
e NOx 

(µg/m 3) 

Industria
l Source 

NOx 
(µg/m3) 

Adjustment 
Factor 

(monitored / 
modelled) 

Diffusion 

Tube 

13.2 102.1** 88.9 29.7 4.9 2.6 

Continuous 

Monitor 

13.2 73.8 60.6 26.8 1.4 2.2 

Average Adjustment Factor 2.4 
 * Total Modelled NOx includes both traffic and industrial source emissions. 

** Total monitored NOx for diffusion tube calculated using NO2 to NOx calculator.  Annual mean 
monitored NO2 was 37 (µg/m3). 

                                                
6 A comparison of modelled and monitored NO2 concentrations are provided in Appendix 4 

Table 6 Background data predicted by Netcen 

 

Table 7 NOx verification results 
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4.10.4. An adjustment factor of 2.4 was applied to the modelled NOx contributions. 

4.10.5. The verification results show that emissions from industrial sources are 5% and 17% of the 
total modelled NOx, at the continuous monitor and the diffusion tube respectively.  

4.11. Total Concentrations 

4.11.1. The predicted NOx road output from ADMS-Roads were adjusted according to the NOx 
verification factor and then converted to NO2 using the NOx to NO2 relationship for outside of 
London set out in the report Deriving NO2 from NOx for Air Quality Assessments of Roads – 
Updated to 2006 (March, 2007)7 . 

4.11.2. The predicted NOx industrial source output from ADMS-4 were adjusted using the NOx 
verification factor, and as a conservative assumption, all NOx emissions were assumed to be 
NO2.  However due to the close proximity of the John Heathcoat factory it is unlikely that all 
the NOx will be NO2 at the modelled receptors.   

4.11.3. The predicted NO2 concentrations due to industrial source emissions were added to the NO2 
concentrations from the traffic emissions predicted across the modelled grid to obtain the 
total modelled concentrations.  These were then added to the background concentrations for 
NO2 to obtain the total predicted annual mean NO2 concentration. 

                                                
7 NO2(road) = ((-0.0719 x Ln(NOx(total)) + 0.6248) x NOx(road) 
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5. Predicted NO 2 concentrations 

5.1. Introduction 

5.1.1. Annual mean ground level concentrations for NO2 were predicted along Leat Street and at 
the John Heathcoat textiles factory, in Tiverton (see Figure 2 for the modelled roads and 
point sources).   

5.1.2. Long term monitoring of NO2 concentrations, where road transport is the predominant 
emission source, suggests if the annual average concentration is less than 60 µg/m3 the 
short-term NO2 objective is unlikely to be exceeded8. This was used to screen for likely 
exceedences of the short-term NO2 objective. 

5.1.3. Figure 4 shows a contour plot of predicted annual average NO2 concentrations across a 500 
m2 area around Leat Street, for the year 2007. 

5.1.4. Figure 4 shows that concentrations are predicted to exceed the annual average objective for 
NO2 along the southern end of Leat Street.  The predicted area of exceedence extends 
along the centre of the road, but not as far as the façades of properties.  There is therefore 
no relevant exposure close to this source.   

5.1.5. To account for uncertainties in air quality modelling, the LAQM.TG(03) suggests that 
predicted concentrations greater than 36 µg/m3 may exceed the annual mean objective.  
Figure 4 shows that concentrations are predicted to exceed this precautionary value along 
the façades of six properties between numbers 10 - 19 Leat Street.  The approach taken in 
this Detailed Assessment was conservative, for example, all NOx emissions from the John 
Heathcoat factory were assumed to be NO2.  Due to the close proximity of the factory it is 
unlikely that all the NOx will be NO2 at the modelled receptors, and therefore predicted NO2 

concentrations are likely to be lower than predicted.  In addition, the southern end of Leat 
Street was modelled as a street canyon.   

5.1.6. It is considered that it may be overcautious to add an error margin of 4 µg/m3 as suggested 
in the LAQM.TG(03) guidance, and therefore there is unlikely to be an exceedence of the 
annual mean NAQO for NO2 at these properties. 

5.1.7. Annual average NO2 concentrations are predicted to exceed 40 µg/m3 on the site of the John 
Heathcoat factory, close to the location of the point sources.  There is no relevant exposure 
close to these sources.  

5.1.8. There is no predicted exceedence of the annual average NO2 objective elsewhere along 
Leat Street or within the modelled area. 

                                                
8 Laxen, D. and Marner, B, Air Quality Consultants Ltd., Analysis of the relationship between 1-hour and annual 
mean nitrogen dioxide at UK roadside and kerbside monitoring sites, July 2003 
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5.2. Summary 

5.2.1. There are predicted exceedences of the annual average NO2 objective along the centre of 
the road, in the southern section of Leat Street.  This exceedence does not extend as far as 
the façades of properties and therefore there is no relevant exposure.  

5.2.2. To account for uncertainties in air quality modelling, LAQM.TG(03) suggests that predicted 
concentrations greater than 36 µg/m3 may exceed the annual mean objective.  
Concentrations exceed 36 µg/m3 at the façades of ten properties (numbers 10 – 19) in the 
southern end of Leat Street, however due to the conservative approach used within 
modelling, there is unlikely to be any exceedence of the annual mean NAQO for NO2 at 
these properties.   

5.2.3. There are predicted exceedences of the annual average NO2 objective on site of the John 
Heathcoat textiles factory close to the points of emission.  There is no relevant exposure on 
the site of the John Heathcoat factory.    

5.3. Recommendations 

5.3.1. The recommendations take account of the uncertainties and conservative nature of the 
modelling, and of current monitoring, to support model predictions and the presence of 
relevant exposure. 

5.3.2. It is recommended that MDDC continue the current monitoring along Leat Street, to confirm 
model results and highlight any changes in air quality within the area of Leat Street.  

5.3.3. It is not considered that an AQMA will need to be declared at this time.  
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6. Conclusions 

6.1.1. This detailed assessment has highlighted that there are exceedences of the annual mean 
objective for NO2 along the centre of the southern section of Leat Street and on site of the 
John Heahcoat factory close to emission sources.  These exceedences are however not 
located where there is relevant exposure.   

6.1.2. Since concentrations of greater than 40 µg/m3 were predicted close to locations where there 
is relevant exposure, i.e. along the façades of properties along Leat Street, in particular its 
southern end, and that these concentrations exceed LAQM.TG(03)’s recommended 
modelling uncertainty value of 36 µg/m3, it is recommended that monitoring continue along 
Leat Street. 

6.1.3. It is not considered that an AQMA will need to be declared at this time.  

6.1.4. These conclusions and recommendations have been discussed and agreed with MDDC.  
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Daily mean NO 2 concentrations measured at the Leat Street continuo us monitor,
 15th December 2006 - 7th October 2007
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Estimated annual mean NO 2 concentration for Leat Street continuous monitor 

Data was only available for the period December 2006 to October 2007 for the Leat Street continuous 
monitor.  Where monitored data is not available for a full year the annual mean equivalent 
concentration can be estimated from the ratio of the annual mean to the period mean from background 
monitoring stations in the area.  This is because the main determinants of air quality are 
meteorological factors that affect a wide area. .   

The methodology for estimating the annual mean is detailed in LAQM.TG(03).  It advises the use of 
between 2 – 4 nearby (within 50 miles) long-term monitoring sites.   

The Leat Street period mean for January – October 2007 was 30 µg/m3. The estimated annual mean 
was calculated by multiplying this by the average ratio.  The estimated annual mean NO2 
concentration for October 2006 to October 2007 is 37 µg/m3. 

Table A.2 shows the calculations.   

Long-term Site 

Annual Mean NO2 concentration 

(µg/m3) 

(October 2006 – October 2007) 

Period Mean NO2 

concentration (µg/m3) 

(January – October 2007) 

Ratio 

Yarner Wood 7.8 5.5 1.4 

Somerton 4.7 4.5 1.0 

Average Ratio 1.2 

 

Table A.2 Calculation of ratio for estimating the an annual mean from a period mean 
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Emissions data from John Heathcoat factory 

 

Parameter CHP (A1) Boiler (A9) Main Stenter (A2) A3 Stenter A8 Stenter A10 Stenter New Stenter New 
Boiler 

Exit temperature (°C) 235 202 Ambient (b) 25 25 25 25 340 

Actual flow rate (m3 s-1) 2.35 2.01 5.47 3.90 0.82 1.30 1.50 0.19 

Emission velocity at stack exit (ms-1) 18.7 2.3 1 (b) 17.0 6.5 5.2 17 17 

Stack height (m) 14.7 35 15.3 7 11 7 10 10 

Stack diameter (m) 0.40 1.05 2.66 0.54 0.40 0.57 0.34 0.12 

Normalised flow rate (Nm3 s-1) (a) 2.13 0.98 3.54 2.5 0.52 0.83 1.2 0.084 

Emission concentration (NOx) (mg  Nm-3) (a) 244.1 156.8 10.2 10.2 10.2 10.2 10.2 130 

Emission rate (g s-1) 0.519933 0.153664 0.036108 0.0255 0.0053 0.0085 0.0122 0.0109 
a) Normalised to 273 K, 1 atmosphere, dry and 15 % O2 for the CHP, 3 % O2 for the boiler and no correction for O2 for the Stenter. 
b) The main Stenter has a T-shaped vent with two horizontal emission points. To model this it is assumed that the emission has no momentum (i.e. emission 
temperature assumed to be at ambient conditions and a low emission velocity of 1 ms-1).  The assumed stack diameter has been selected in order to maintain the 
flow at the measured rate. 

Table A-3 Summary of emissions data for the CHP plant, boiler, main stenter and other stenter ovens (including the new stenter and boiler), at the John Heathcoat factory. 
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NO2 verification 

Table A-4 shows a comparison of modelled and monitored (continuous monitor and diffusion tube 
located along Leat Street) NO2 concentrations (NO2 verification).  

Monitored Modelled* 

Monitor 
Background 
NO2(µg/m 3) 

Total 
NO2 

(µg/m 3) 

Roadside+ 
Industrial 

NO2 

(µg/m 3) 

Roadside 
NO2 

(µg/m 3) 

Industrial 
Source 

NO2 
(µg/m3) 

Adjustment 
Factor 

(monitored / 
modelled) 

Diffusion 

Tube 

10.8 36.5 10.5 29.7 4.9 1.7 

Continuous 

Monitor 

10.8 37.0 9.6 26.8 1.4 2.4 

Average Adjustment Factor 2.0 
* Total Modelled NO2 includes both traffic and industrial source emissions. 
 

 
 
 

Table A-4 NO2 verification results 
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Monitoring QA/QC and bias-adjustment 

DIFFUSION TUBE MONITORING 

Description of monitoring technique 
 
Monitoring for NO2 has been completed using the following specification of passive diffusion tubes: 
• Standard environmental monitoring NO2 tubes 
• Tube preparation method: 50% Triethanolamine (TEA) in deionised water 
• Supplier and analysing laboratory: Gradko International Ltd  
 
These tubes were exposed for one-month periods in accordance with LAQM.TG (03) technical 
guidance. 
 
Laboratory QA/QC 
 
Gradko International Ltd. is an experienced and long-standing supplier and analysing laboratory for 
passive air quality monitoring tubes in the UK.  
 
Laboratory procedures include for system blanks and calibration runs at prescribed intervals. The 
laboratory has specific UKAS accreditation (testing no. 2187) for the analysis of NO2 diffusion tubes 
using documented in-house reference methods GLM3 and 6. A copy of the UKAS accreditation 
schedule is available from the Council or from the laboratory on request. 
 
Gradko also participate in independent proficiency testing (inter-laboratory round-robin exercises) via 
the WASP scheme. The WASP scheme is carried out quarterly using an accurately doped tube (of 
known concentration to WASP). The doped tube is analysed ‘blind’ by the laboratory and the reported 
results then compared by WASP against the true concentration and comparisons are also made with 
other laboratories participating in the survey. The WASP results indicate the laboratory results are 
good in terms of accuracy and precision (performance category 1 using the Running Performance 
Index criteria). A copy of the WASP performance results the two most recent rounds is available from 
the Council or from the laboratory on request. 
 
Tube handling procedures 
 
MDDC’s NO2 diffusion tube monitoring is completed in full accordance with the UK NO2 Diffusion Tube 
Network Instruction Manual9, although results are not completed as part of the UK network. New 
national guidance published in 200610 by AEAT was reviewed and the monitoring procedures 
amended during 2006. 
 
Data ratification 
 
All reported results are well within the documented limit of detection and uncertainty of the 
measurement technique and all results are laboratory blank corrected. All results are also examined 
on a monthly basis to identify any spurious data (e.g. very high or very low data) and any suspect data 
is investigated further. NO2 monitoring data tends to follow a comparable trend across a number of 
local monitoring sites, with concentration trend, but not concentration level, similar across all 
monitoring locations. Therefore, all results are inter-compared for trend, thus providing further 
evidence of a suspect individual result if other monitoring locations are following a comparable trend 
excluding the result in question. At all times, monitoring sites are regularly assessed to identify 
changes that may positively or negatively affect the monitoring results. Examples include roadworks, 

                                                
9 UK NO2 Diffusion Tube Network Instruction Manual, Version 1.4 AEA Technology plc (November 2000) 
10 NO2 Diffusion Tubes for LAQM: Guidance Note for Local Authorities AEA Technology plc (March 2006) 
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local new combustion sources, road closures and vegetation cover. Site conditions during the relevant 
monitoring periods are always taken into account during data ratification. 
 
NO2 diffusion tubes provide a cost-effective means of monitoring a wide range of monitoring locations. 
However, the accuracy of tubes is variable depending on the tube handling procedures, the specific 
tube preparation/adsorbent mixture and the analysing laboratory. 
 
For diffusion tube data collected at all monitoring sites in MDDC after April 2003, a local correction 
factor has been used based upon the MDDC triplicate tube collocation study at Exeter Road following 
commissioning of the real-time monitoring station. For post-April 2003 data, a monthly correction factor 
has been obtained by applying the following calculation: 
 
Correction factor = CM/DM 
 
Where, CM is the ratified continuous chemiluminescence monitor mean and DM is the raw monthly 
mean for the average of the collocated triplicate diffusion tubes. In all cases it was possible to match 
the continuous monitoring data period and the diffusion tube monthly exposure period to within 1-hour. 
 
All correction factors applied are shown in Table A-5 below. 

 
Monitoring Period Correction Factor Source 

January 2005 1.156 MDDC Collocation 

February 2005 1.386 MDDC Collocation 

March 2005 1.125 MDDC Collocation 

April 2005 1.287 MDDC Collocation 

May 2005 1.293 MDDC Collocation 

June 2005 1.002 MDDC Collocation 

July 2005 1.001 MDDC Collocation 

August 2005 1.034 MDDC Collocation 

September 2005 1.033 MDDC Collocation 

October 2005 1.065 MDDC Collocation 

November 2005 1.001 MDDC Collocation 

December 2005 1.034 MDDC Collocation 
 
The precision and accuracy of this local bias-adjustment factor is checked using the Netcen Diffusion 
Tube Bias and Accuracy spreadsheet (version 02 April 2006). The results for the 2005 diffusion tube 
data are shown in Table A-6 below. This indicates that both the precision of the co-located tubes and 
the continuous monitor data capture are both ‘Good’. This confirms that the local Mid Devon data is 
suitable for use. The average bias adjustment factor for 2005 calculated by this method is the same as 
that derived using the methodology (1.146 rounded to 1.15) described above and confirms therefore 
that the diffusion tube raw data has a significant bias (tube under-read). 
 
 
 
 
 
 
 
 
 

Table A-5 NO2 diffusion tube bias-adjustment correction factors 
 

1.146 
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Table A-6 Bias and accuracy of MDDC’s co-located triplicate diffusion tubes 

 
  
Therefore, for data ratification purposes the above correction factors have been applied to all MDDC’s 
NO2 diffusion tube data following completion of the preliminary ratification steps outlined above. 
 
Since January 2006, all Mid Devon diffusion tubes have been bias-adjusted using the national 
correction factor specific to Gradko analysed tubes (50% TEA in water preparation). This factor is 
obtained annually from the bias-adjustment spreadsheet available on the UWE website. Using this 
method, the calculated correction factor for 2006 was 0.96.  

QA/QC CONTINUOUS MONITORING DATA 

The aim of monitoring is to ensure that a high-level of accurate data capture is obtained. Therefore, all 
automatic monitoring equipment has routine (fortnightly) on-site checks and maintenance visits 
following documented procedures. These procedures have been drawn up in accordance with 
equipment manuals, manufacturer instructions and the UK Automatic Network Site Operators Manual. 
Routine visits include regular filter changes, sampling head cleaning and airflow/analyser test function 
checks at set intervals. These site visits are carried out by, or are supervised by, a trained, designated 
Mid Devon officer. Additionally, during each routine site visit, a two-point calibration of the NO2 
analyser is carried out using a zero-air scrubber and a Nitric Oxide (NO) calibration gas (mid-range). 
The NO gas is supplied by Air Liquide UK Ltd and the concentration of the gas is traceable to national 
standards and is supplied with a calibration/tolerance certificate.  
 
Data from the zero and mid-point calibration provides the main calibration data used to adjust the raw 
monitoring data but is not used to adjust the analyser data slope and offset factors. The corrected 
monitoring results are also used for NO2 diffusion tube validation using the collocated triplicate tubes, 
as discussed in more detail elsewhere in this report. 
 
All analysers and related equipment (e.g. sample pumps, air conditioning units etc) are subject to 
independent routine maintenance and support via a service contract with a specialist service provider 
(Enviro Technology Services plc, ET). This includes six-monthly maintenance/service and equipment 
check visits by manufacturer-approved engineers following national protocols and traceable QA/QC 
procedures. The service provider is also ISO 9001 accredited and carries out similar or identical 
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support work for the national AURN network of NO2 analysers. Also as part of the six-monthly ET site 
visit, a full multi-point calibration is carried out on the NO2 analyser, using zero-air, NO and NO2 gas 
(again traceable to national standards) meaning the analyser data slope and offset factors are reset. 
In addition to multi-point calibration the following checks are carried out: 
 
• Linearity 
• Noise 
• Response time 
• Leaks and flow check 
• Converter efficiency 
• Stability of the on-site gas calibration cylinder 
 
Non-routine site visits (e.g. as a result of equipment failure or spurious data) are also carried by the 
above service provider to the same standards. Contract arrangements ensure that visits are carried 
out within 48 hours of the notification of call-out in order minimise data loss. 
 
All routine and non-routine site visits are fully documented to detail all works carried out including any 
adjustments, modifications and repairs completed. 
 
The NO2 analyser also has an autocalibration check function (zero and single span point). Span 
calibration is checked using an internal permeation tube. This is used to rapidly assess analyser 
stability and faults, however to permeation device is not sufficiently stable or reliable to be used as a 
calibration device. All calibrations are carried out as detailed above. 
 
Data processing 
 
Both analysers are connected to a data telemetry and handling package (Opsis EnvimanTM using the 
ComVisionerTM and ReporterTM modules) enabling full data manipulation and frequent checks on 
data measurements. Data is stored on internal dataloggers and downloaded to a PC via a modem and 
telephone line. Instrument self-test parameters and filter loading status and internal autocalibration 
data can be viewed in addition to the collected monitoring data. 
 
User-defined options in the EnvimanTM communication package means that incoming data has been 
set-up for automatic screening in order to ensure representative averages are derived from sufficient 
raw data. For the purposes of deriving 1-hour means, a minimum of 45 minutes data must be available 
in each hour (3 x 15 minute means). For the purposes of deriving 24-hour means then a minimum of 
18 hours data (18 x 1 hour means) must be available in each day. 
 
Data validation and ratification 
 
Following data processing, all collected data is screened or validated by visual examination to see if 
there are any spurious or unusual measurements. Where causes of such measurements are known 
(e.g. planned maintenance visits, sampling head cleaning and known equipment/power failures etc) 
then the affected data is deleted from the dataset. Any remaining suspicious data, such as large 
spikes, ‘flat-lines’ and excessive negative data is ‘flagged’ for more detailed investigation. At all times 
an original raw dataset is kept in the data processing software enabling any amendments to the data 
to be traced and to ensure it is possible to re-examine the original collected data at a later date. 
 
Data validation is routinely carried out at approximate fortnightly intervals and non-routinely at any 
time.  
 
Data validation is followed by a more thorough and detailed check known as data ratification. 
Ratification is carried at approximate 3-monthly intervals and involves a critical, in-depth review of all 
information relating to the individual analyser dataset and monitoring location in order to amend, verify 
or delete data as appropriate.  
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When data ratification has been completed then the data is available for further statistical and critical 
examination for reporting purposes. An important principle of the data ratification process is that data 
is always retained unless there are specific reasons for not doing so. 
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