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1.0 Introduction

This nitrogen dioxide (NO,) monitoring programme is a continuation of previous monitoring programmes in
Bodmin, which were commissioned by the former North Cornwall District Council. -As the result of high
concentrations of traffic-related pollution monitored in areas around Dennison Road and Higher Bore Street
a continuous monitor was installed at the corner of Dennison Road and Turf Street in 2006 as this was
highlighted as an area of particular concern.

1.1 Nitrogen dioxide

NO, is not only a health damaging pollutant but also a proxy measure for other traffic-related pollutants. The
UK Government’s National Air Quality Strategy (NAQS) objectives for NO, (DEFRA, 2000) are given in Table
1 below. As stated in the LAQM.TG (09) the NAQS annual mean objective applies to ‘the quality of the air at
locations which are situated outside of buildings or other natural or man-made structures, above or below
ground, and where members of the public are regularly present”. The NAQS 1-hour mean objective is more
specific and only applies to those locations where members of the public are regularly present for an hour or
more. Air Quality Consultants state that if an annual mean concentration exceeds 60 pg m™ then it is likely
that the NAQS 1-hour mean objective would have been exceeded.

Table 1. NAQS objectives for NO.,.

Nitrogen dioxide (NO,;) | Measured as Concentration Objective deadlines
Annual mean 40 pg m*
200 ug m” (not to be 31st Dec 2005
1 hour mean exceeded more than
18 times per year)

1.2 NO, background concentrations

The background NO, concentration for the surveyed area in Bodmin for 2008, as estimated by the National
Environment Technology Centre (NETCEN), is ~8.2 pg m™. This figure is recommended for use by Local
Authorities in LAQM.TG (09).

1.3 Bodmin and Dennison Road

The town of Bodmin (SX074667) is located in North Cornwall. The A30, Cornwall's primary trunk road,
bypasses Bodmin to the south; however the A389, including Dennison Road, Higher Bore Street and St
Leonards, is a major route for traffic accessing North Cornwall and runs east-to-west through Bodmin. The
A389 carried an annual average daily traffic (AADT) volume of 13,114 vehicles in 2008, including medium
and heavy goods vehicles.

An airpointer® automatic monitor is mounted on a lamp-post against the facade of residential houses at the
eastern end of Dennison Road. The eastern end of Dennison Road is lined on one side by tall residential
properties and, on the other, a tall hedge creating a ‘canyon street’ effect that compounds poor air quality.
Higher Bore Street is characterised by its proximity to the Five Ways roundabout, a pedestrian crossing and
houses situated close to the road.
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2.0 Equipment
2.1 Continuous monitor

The Air Monitors’ airpointer® (Plate 1 and Figure 1) monitors oxides of nitrogen and is a DEFRA accepted
method of NO, data collection. The airpointer® is a chemiluminescent monitor which, due to its relatively
small size, can be mounted on street furniture (lamppost etc) at the epicentre of the pollution hotspot. The
monitor records NO and NOx concentrations every minute which enables detailed analysis of NO.,.

2.2 Mova

A MOVA (Microprocessor Optimised Vehicle Actuation) system was installed at the pedestrian crossing in
Dennison Rd. Via loop detectors the MOVA is able to detect gaps in the traffic at distance, thereby
identifying approaching vehicles sooner and reducing vehicle waiting times. It is anticipated that this will
provide better optimisation of vehicle stops and delays and therefore have a positive impact on emissions.
The scheme started in the summer of 2009 and the effect of this installation on traffic flow will be evaluated.

Plate 1. The airpointer®in Dennison Road (with MOVA antennae installed above).
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Figure 1. The location of the airpointer®in Dennison Road, Bodmin.
2.3 Diffusion tubes

Diffusion tubes are a relatively cheap and accepted method of monitoring NO, concentrations in specific
locations. Diffusion tubes are exposed for monthly periods and have been used extensively in Bodmin at a
total of 111 separate sites, of these 111 surveyed sites, 45 are currently monitored. This has provided useful
data regarding the extent of air pollution problems in the area as well as highlighting areas where air quality
is of concern.

A single diffusion tube has been collocated with the continuous monitor since March 2006, this has been
triplicated since August 2008. This is for comparative purposes in order to provide a local bias adjustment
factor using AEA’s Diffusion Tube Precision, Accuracy and Bias spreadsheet (available to download from
www.airquality.co.uk/lagm/tools/AEA_DifTPAB_v03.xIs) to apply to individual tubes in the surrounding area.
Due to the triplication not starting until August 2008, cessation of the diffusion tube monitoring in April and
May 2009 and severe monitor malfunctions in late 2009 a local bias adjustment factor cannot be calculated
for 2008 or 2009 but highlights the “good precision” of the diffusion tubes (see Figure 2). The national bias
adjustment factor of 0.86 (available from www.uwe.ac.uk/agm/review/) has been used for 2009 and will be
used for 2010 diffusion tube results until a local bias adjustment factor can be calculated. This national bias
adjustment factor will be updated regularly in 2010 as new and additional collocated diffusion tube data are
collected by AEA. The next scheduled update to the bias adjustment spreadsheet is late March 2010.

Tubes are supplied by Gradko International with a preparation method of 20% TEA (triethanolamine) in
water. Tubes are exposed for monthly periods and are deployed at the beginning of each month.

QA/QC testing undertaken by the Workplace Analysis Scheme for Proficiency (WASP) programme for NO,
diffusion tube analysis (operated by the Health and Safety Laboratory), tubes supplied by Gradko
International displayed “Good” performance.
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Diffusion Tubes Measurements

Checking Precision and Accuracy of Triplicate Tubes

% AEA Energy & Environment

Accuracy

(with 95% confidence interval)

Adjusted Tubes Mean: 82 (62-119)

without periods with CV larger than 20%
Bias calculated using 5 periods of data

pgm™*

Bias calculated using 5 periods of data
1.83 (1.39 - 2.66)

| Accuracy (with 95% confidence im<arval}|

Diffusion Tubes Mean:
Wean CV (Precision):

Adjusted Tubes Mean: 82 (62-119) pgm™

E | start Date | End Date |Tube 1|Tube 2 |Tube 3 |Triplicate | Standard C'O\‘;'m_c't‘?m 95% CI Period | _ Dat‘a PT“t.’e.s Aﬁo".’tam

é-i'_ dd/mmiyyyy | ddimmivyyy| ugm ™ |ugm™ |ugm™3 | Mean |Deviation o ;:r"f} 101 of mean| Mean t:p[}l::rf ::erf:;::n [{;Qtlﬁor
1 REL ) 02402409 55.17 59.14 564 57 20 4 5.0 45.29 65.92 Good  pr Data Captur
2 02402409 12403409 4745 45,88 4781 47 10 2 26 5945 92.90 Good Good
3 12002009 03404403 27.38 2548 3100 28 28 10 7.0 4945 93.07 Good Good
4 03404403 OR0509 5185 9249 Good
H 010509 030609 4759 92.99 Good
3 0306409 03407039 5219 52.94 4876 51 22 4 55 47.85 5615 Good  pr Data Capture
T 03407403 07402403 47.41 43.37 5192 43 24 5 54 99.39 202 Good  pr Data Capture
8 070303 0403403 46.39 4877 4315 42 15 2 a7 26.28 47.02 Good  pr Data Capture
3 0403403 541003 47.84 4340 4308 46 23 [ 7.3 2652 100.00 Good Good
10 054009 TR 4379 43.02 5149 50 15 2 a7 2347 100.00 Good Good
1l 0311403 02412009 43.65 53.00 54.76 52 31 & 75 128.80 3547 Good Good
12 02412¢09 1501410 53.01 54.31 53.37 54 07 1 17 3476 &6 Good  pr Data Captur
15 g—

It is necessary to have results for at least two tubes in order to e the p of the Overall survey -- Gc!o_d Foor

recision !Duerall oC
| Site Name/ 1D: | Dennison Rd | |Preeision 10 out of 10 periods have a CY smaller than 20 | k3 CV & OC from

Accuracy calculations)

0%

Ciffusion Tube Bias B

MR CV20%

Wi il dee

.

Jaume Targa
iaume.targa@asat.co.uk

Version 03 - November 2006

Figure 2. Collocation data applied to the Diffusion Tube Precision, Accuracy and Bias spreadsheet (diffusion
tube performance circled in red).
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3.0 Results
3.1 Continuous monitoring
3.1.1 Dennison Road Air Pointer Summary (01/01/2009 — 31/12/2009)

Table 2 provides a summary of the continuous monitoring data for the period 1% January 2009 to 31°
December 2009. The mean NO, concentration recorded in Dennison Road for the 361 valid days monitoring
was 55.0 pg m™ with a maximum 1 hour mean concentration of 227.31 pg m™. The monitoring period mean
recorded concentration would potentially exceed the NAQS annual mean objective. 17 exceedences of the
200 pg m™ hourly objective were recorded in this period all of which occurred between 22" and 29" August
2008. Hourly means exceeded the objective level of 40 ug m™for a total of 59% of the monitoring period.

Table 2. A summary of the continuous monitoring data in Dennison Road for the reporting period 01/06/2008
— 31/05/2009.

Start date No. of days Mean 200ug 1hr
01/06/08 365 Exceedences 17
End date Data Capture 55 ) O Max 227.31
31/05/09 98.8% Percentile 148.04

3.1.2 Dennison Road Air Pointer Summary (2008)

Table 3 provides a summary of continuous monitoring data for 2008. The annual mean NO, concentration
recorded on Dennison Road was 52.5 pug m*, exceeding the NAQS annual objective for NO,, there were
also 18 exceedences of the NAQS 1-hour mean objective of a permitted 18 which occurred on 9" January
and between 22™ and 29" August 2008. Hourly means exceeded the objective level of 40 pg m™ for a total
of 59% of the monitoring period.

Table 3. A summary of the continuous monitoring data in Dennison Road for 2008.

Start date No. of days Annual Mean 200ug 1hr
01/01/08 366 Exceedences 18
End date Data Capture 52 ) 5 Max 227.31
31/12/08 99.4% Percentile 163.88

3.2 Diffusion tubes

When analysing diffusion tube data it is preferable to use a large dataset as opposed to individual monthly
values as a more reliable conclusion can be drawn. There were 7 sites (highlighted in red, in Figure 3a and
3b) that exceeded the NAQS annual mean objective for NO, concentrations. Exceeding tubes are located in
both Higher Bore Street (Figure 4a) and along Dennison Road (Figure 4b). Tubes were removed from the
collocated site (BOD8) during December 2008 and no tubes were deployed during April and May 2009 due
to a delay in renewing of contracts caused by the implementation of the unitary process in Cornwall. A
further 76 tubes were removed during the reporting period (June 2008 — May 2009) with one site, BOD42,
having tubes stolen from November 2008 to March 2009. As this site does not show an exceedence of
NAQS objective levels, and is situated between two further sites showing no exceedences, it is suggested
that the site be resituated on the opposite side of the road to further investigate the exceedence at BOD43.
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Figure 3. 12-month mean NO, concentrations for the period June 2008 — May 2009 recorded by diffusion
tubes in Bodmin (a) west and (b) east; the red line indicates the NAQS annual mean objective concentration

(for exact site locations refer to Figure 4).
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mean NO, concentrations for the period June 2008 — May 2009
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4 Discussion
4.1 Exceedences

A mean concentration of 55.0 pg m™ was recorded by the continuous monitor in Dennison Road over the
12-month monitoring period ending 31/05/2009. The mean NO, concentration for 2008 was 52.5 pg m>.
Both these annual means exceed the NAQS annual mean objective. In the 12-months ending 31/05/2009
there were 17 exceedences of the NAQS 1-hour objective with 18 exceedences being recorded in total for
2008. These 18 exceedences equal the allowance for the hourly mean but do not breach it.

Five of the 45 diffusion tube sites recorded an exceedence of the NAQS annual mean objective during the
period June 2008 to May 2009. Exceeding sites are located along the Dennison Road/Higher Bore Street
corridor, particularly at the eastern end of Dennison Road around the sharp corner (Figure 5) and
approaching the junction of Higher Bore Street and Midway Road from the west (Figure 4a).

Dennison Road (eastern end)
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Figure 5. The eastern end of Dennison Road displaying the location and mean NO, concentrations for the
period June 2008 — May 2009.

4.2 Data capture

The continuous monitor recorded a data capture value for the 12-month period ending 31/05/2009 of 98.8%.
The annual data capture for 2008 for the Dennison Road continuous monitor was 99.4%. Both the data
capture for the monitoring period and for 2008 exceed DEFRA's data capture requirement of 90%.

4.3 Diurnal patterns

The mean diurnal NO, concentrations recorded on weekdays, Saturdays and Sundays in Dennison Road
were 57.6 ug m>, 51.5 pg m> and 42.3 pg m™ respectively for the period 01/06/2008 — 31/05/2009. As
illustrated in Figure 6 (a-c) the pollution scenario in Dennison Road has a classic traffic-related pattern. This
is illustrated by pollution concentrations which increase in the morning coinciding with increasing volumes of
traffic. This relationship persists throughout the day into the evening when traffic volumes and associated
pollution levels fall; weekday pollution amplitudes are greater than those observed at weekends.
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This phenomenon is closely correlated to traffic volume as highlighted in the recent source apportionment
study for Dennison Road (Winkler, 2007). The report concludes that medium goods vehicles (vehicles
between 3.5 and 7.5 tonnes) are a significant contributor to pollution concentrations.
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Figure 6 (a-c). Diurnal NO, concentrations and traffic numbers recorded in Dennison Road for the period
01/06/2008 — 31/05/2008 for (a) weekdays, (b) Saturdays and (c) Sundays (the red line indicates the NAQS
annual objective level for NO, concentrations).
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4.4 Collocated diffusion tube and continuous monitor

A paired t-test reveals that there is no statistical similarity between the diffusion tube monthly values and the
continuous monitor means calculated over the same periods (p = 0.028) further highlighting the need for a
local bias adjustment.
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Figure 7 (a) Comparison of diffusion tube and continuous monitor monthly mean concentrations; and (b),
comparison of the 12-month mean NO, concentration for the continuous monitor and the collocated tubes
(BODS); the red line indicates the NAQS annual mean objective concentration level (for exact site locations
refer to Figure 4).
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5.0 Conclusion

e The mean NO, concentration recorded by the continuous monitor in Dennison Road for the 12-
month period ending 31/05/2009 were 55.0 pg m™ and 52.5 ug m™ for 2008; these values exceed
the NAQS annual objective for NO, of 40 ug m™.

o Data capture by the continuous monitor was 98.8% for the 12-month period ending 31/05/2009 and
99.4% for 2008. These values exceed DEFRA’s data capture objective of 90%.

e Of the 45 diffusion tubes deployed in the Bodmin area five recorded annual means >40 pg m™ and
therefore exceed the NAQS annual objective; these were located at sites along the eastern end of
Dennison Road (BODS8, BOD22, BOD24 and BOD26) and Higher Bore Street (BODA43).

o Traffic-related pollution is suggested as the primary pollution source, evident in the diurnal NO,
concentration and traffic patterns and the lack of any local industrial sources.

e A statistical analysis of the diffusion tube and continuous monitoring methods reveals no agreement
between the two monitoring methods suggesting the need for a local bias adjustment factor to be
calculated.

Confidentiality

All sampling results from the monitoring sites in Bodmin will be the property of Cornwall Council, and will be
subject to strict confidentiality and not disclosed to any third party without prior formal permission from
Cornwall Council.

Disclaimer

Cornwall College cannot accept any responsibility for the use to which the information is put nor for
decisions, inferences or conclusions that are made on the basis on the information provided. No
responsibility is taken for the accuracy of the sampling unless this is done under our own supervision.
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