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Executive Summary 

Part IV of the Environment Act 1995 places a statutory duty on Local 

Authorities to review and assess the air quality within their area and take 

account of government guidance when undertaking such work.  This detailed 

assessment is a requirement for Local Authorities that have declared Air 

Quality Management Areas (AQMA’s); and after further review and 

assessment in subsequent progress reports identified that the relevant air 

quality objectives have or will be met.  The report has been undertaken in 

accordance with the Technical Guidance LAQM.TG (03) which has been 

revised and updated with LAQM.TG (09).  

 

In 1999, Plymouth City Council undertook its first round of review and 

assessment of air quality.  This was a three stage process, with each of the 

stages requiring progressively more detailed investigation.  The first phase of 

the second round of review and assessment of air quality, the updating and 

screening assessment (USA) was completed in May 2003 and this provided 

an update with respect to air quality issues within Plymouth.  The USA 

concluded that a detailed assessment was required for concentrations of 

annual mean Benzene.  This was due to fugitive emissions of Benzene from a 

petrol filling station, which is situated on a busy road and with a school within 

10 metres of a petrol pump. There was a risk that these emissions may 

exceed the 2010 objective. 

 

The detailed assessment was completed in April 2004 and the monitoring 

data gathered further indicated that there was a risk that the 2010 objective 

may be exceeded.  As a result an AQMA for Benzene was declared in May 

2005. 

 

This 2009 detailed assessment considered the Benzene monitoring data 

obtained from the passive and active monitoring programme carried out from 

2003 to the end of 2008 and compared it to the 2010 annual mean objective 

for Benzene.  The monitoring data gathered has demonstrated that there will 
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be no exceedences of the Benzene annual mean objective identified at the 

nearest sensitive receptors within the declared Benzene AQMA. Therefore 

this detailed assessment report concludes that the AQMA declared for 

Benzene, (on the basis that the potential for the 2010 objective to be 

exceeded is not likely) should be revoked. 

 

Further details on the LAQM process and the results of previous review and 

assessments can be found on Plymouth City Councils website at: -  

 

http://www.plymouth.gov.uk/homepage/environmentandplanning/pollution/airq

uality.htm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.plymouth.gov.uk/homepage/environmentandplanning/pollution/airquality.htm
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1.0 Introduction 

The Government and Devolved Administrations adopted a running annual 

mean concentration of 16.25 � g/m
3 

as the first air quality standard for 

Benzene.  This objective had to be achieved by the end of 2003. 

 
Subsequent advice from EPAQS and the Department of Health’s Committee 

on Carcinogenicity of Chemicals in Food, Consumer Products and the 

Environment (COC) to reduce concentrations of Benzene in air to as low a 

level as possible, led to additional tighter objectives being set.  The additional 

objective is for an annual mean of 5 � g/m
3 

is to be achieved by the end of 

2010 in England and Wales.  

 
The second Air Quality Daughter Directive also set a limit value for Benzene, 

which has been transposed into UK legislation.  The Directive includes an 

annual mean of 5 � g/m
3 

to be achieved by the 1st of January 2010. 

 
Table 1.1 below shows the 2003 and 2010 National air quality objective for 

Benzene  

Pollutant Objective Measured As To Be Achieved 
By 

16.25 µg/m3 Annual mean 31 Dec 2003 
Benzene 

5 µg/m3 Annual mean 31 Dec 2010 

Table 1.1 Summary of the National Air Quality Objectives for Benzene 
(England and Wales) 

 
2.0 Scope and Aims of the Detailed Assessment Repor t 

This report was produced by Plymouth City Council’s Environmental 

Protection and Monitoring Unit, to provide the necessary data and information 

to enable Plymouth City Council to revoke the AQMA for Benzene as 

recommended in the Annual Progress Report (APR) for 2008. 
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For Local Authorities to revoke an existing AQMA at any time, as set out 

under section 83 (2) of the Environment Act 1995, they must submit a detailed 

assessment to DEFRA.  This should set out in detail all the available 

information used to reach the decision. DEFRA also expect the Authority to 

consult all relevant statutory consultees, and local stakeholders.  Where the 

evidence for revocation is accepted by DEFRA, Local Authorities are 

expected to take the relevant action within 4 months following receipt of 

comments from DEFRA.  

 
2.1 Summary of Previous Rounds of Review and Assess ment and 

Action Taken to Date 
 
The 2003 Updating and Screening Assessment identified the potential for 

exceeding the 2010 Benzene objective from fugitive emissions from an urban 

petrol filling station located in close proximity to a school and student 

accommodation building.  A recommendation was made to continue to 

monitor Benzene levels in the vicinity of Holy Cross School and the Exeter 

Street filling station.  

 
This risk was confirmed in the 2004 detailed assessment report after further 

passive sampling had been carried out in the vicinity of the petrol station.  

 
Following the detailed assessment and the mandatory consultation period the 

AQMA for Benzene was declared on the 25th of May 2005. 

 
In January 2007, Stage 2 petrol vapour recovery was installed at the petrol 

station in Exeter Street.  Monitoring continued to assess the impact that the 

vapour recovery system had on levels of Benzene within the AQMA.  

 
The APR for 2008 considered monitoring data for 2007 and concluded that 

concentrations of Benzene would continue to fall and that the 2010 objective 

would be easily met at the nearest sensitive receptors and within the AQMA  
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2.2 Methodology 

The approach to the detailed assessment is to provide the Local Authority 

with an opportunity to supplement the information they have gathered in their 

earlier review and assessment work.  It provides a mechanism of more 

accurately assessing the impact of pollution sources on sensitive receptors at 

identified hotspots, in this case the primary school and student 

accommodation. 

 

The detailed assessment has been undertaken in accordance with the 

methodologies provided in the Technical Guidance (LAQM. TG (09). 

 

Discussions with the review and assessment help desk and guidance from 

6.58 of LAQM TG (09); concluded that dispersion modeling was not 

necessary for this detailed assessment, due to the uncertainties associated 

with defining the uncontrolled and fugitive nature of Benzene emissions from 

the petrol station. 

 
The bias adjustment factor for Benzene diffusion tubes was calculated using 

the data obtained from the pumped sampler located at the Plymouth Centre 

AURN, Holy Cross School and their co-located BTEX tubes.  

 

3.0 The Plymouth Area  

The city of Plymouth is the largest city on the South West Coast of England. 

As well as being a prime tourist area, it is also a large naval port. Plymouth 

has a population of approximately 255,000 residents living in approximately 

109,474 households. 

 

The bulk of the city lies on a peninsula of land between two rivers, the Tamar 

to the west and the Plym to the east.  The city is bounded to the north by 

Dartmoor and is surrounded by smaller conurbations, housing many of the 

employees for the city. 

 

 



Plymouth City Council 
LAQM Detailed Assessment 
Report Ref: Plym/Benzene/DA/2009   

 
 
Environmental Protection and Monitoring Unit                                                                         April 2009 
 
 4 

 

4.0 Air Quality Monitoring in Plymouth  

Plymouth City Council has carried out air quality monitoring in some form 

since the 1960s.  At this time only smoke and Sulphur Dioxide monitoring was 

undertaken as part of the national network.  In 1992 continuous analysers to 

monitor for Sulphur Dioxide, Oxides of Nitrogen and Ozone were installed. 

 

In 1997, the site became part of the Automatic Urban Network (AUN) and 

DEFRA added more equipment to the network in the form of a Carbon 

Monoxide analyser and a TEOM particulate monitor.  In 2002, a pumped 

Benzene diffusion tube sampler was added to the suite of equipment.  The 

site is situated in Armada Way, as shown in table 4.1 below. 

 

Pollutant Start Date End Date 

Carbon Monoxide 29/09/1997 30/09/2007 

Nitrogen oxides 29/09/1997 - 

Ozone 29/09/1997 - 

Sulphur Dioxide 29/09/1997 30/09/2007  

PM10Particulates(Hourly 

Measured) 
29/09/1997 28/02/2007 

SITE ADDRESS:  

Armada Way, 

Plymouth, Devon 

Volatile PM10 

Particulates (Hourly 

Measured) 

01/03/2007 - 

OS Grid 
Reference:  
SX477546  
Site Type:  
Urban Centre  
Pollutants 
Measured:  

 

Non-Automatic 

Hydrocarbons 

01/03/2007 - 

The monitoring station is within an existing brick building located in the main 
pedestrianised shopping area in the city centre. The nearest road is 
approximately 200 metres from the station and is a busy 2/4 lane urban 
carriageway. The manifold inlet is approximately 3 metres high. The 
surrounding area comprises business and retail outlets in an urban 
environment. 
Table 4.1 Plymouth Centre AURN 

http://www.bv-aurnsiteinfo.co.uk/default.asp?pageref=142
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5.0 Exeter Street Benzene AQMA 

The AQMA for Benzene was declared in May 2005.  The extent and 

geographical area of the AQMA is shown in Figure 5.1 below. 

 

Figure 5.1 Extent and geographical area of the Benzene AQMA 

 

6.0 Benzene 

 

6.1  National Sources of Benzene  

Benzene is a volatile organic compound (VOC) which is a minor constituent of 

petrol.  Benzene emissions arise predominately from the evaporation and 

combustion of petroleum products.  Emissions of Benzene are dominated by 

the road transport sector, accounting for 34% of the 2006 emission estimated 

total.  Benzene emissions also arise as stack emissions and, more 

importantly, fugitive emissions from its manufacture and use in the chemical 

industry. 

 
Benzene emissions have been steadily decreasing since 1990 due to the 

introduction of cars equipped with three-way catalytic converters in 1991.  

Also the Benzene content of petrol was substantially reduced between 1999 
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and 2006 resulting in a corresponding decrease in emissions.  Emissions from 

the domestic and industrial sectors are also falling, but the impact is relatively 

small compared with the changes in the emissions from transport.  
 

Figure 6.1 below, demonstrates that atmospheric emissions of Benzene 

throughout the UK have been steadily falling since 1990. 

 

 

Figure 6.1 UK Benzene Emissions by Source 

 

6.2 Sources of Local Benzene Emissions  

Data obtained from the National Atmospheric Emissions Inventory (NAEI) 

website, which uses 2006 as the most current baseline year, shows that the 

primary source of Benzene emissions in Plymouth is from road transport 

which reflects the national trend.  The data obtained corresponds with the grid 

reference of the AQMA. The results can be seen table 6.1 below. 
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Plymouth 1x1 km emissions of Benzene in 2006 (tonne s) 

Co-ordinates X= 248500 Y=54500  
Area source emissions are grouped by UNECE sectors.  
Emissions from all large individual sources (points ) are grouped and labelled 
pt .  
Point source emissions are additional to the area s ource emissions.  
Emissions are quoted to 3 significant figures.  
 
UNECE Sectors: 
01 Energy Production and Transformation 0.0228 
02 Commercial, Institutional and Residential Combustion 0.0518 
03 Industrial Combustion 0.292 
04 Industrial Processes 0 
05 Production and Distribution of Fossil Fuels 0.0296 
06 Solvent Use 0 
07 Road Transport 0.231 
08 Other Transport 0.136 
09 Waste Treatment and Disposal 0.0238 
10 Agriculture 0 
11 Nature 0 
12 pt 0 
Table 6.1. Table to show Benzene Emissions Source in Plymouth 2006 
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Figure 6.2 Benzene Emissions Source in Plymouth 2006 



Plymouth City Council 
LAQM Detailed Assessment 
Report Ref: Plym/Benzene/DA/2009   

 
 
Environmental Protection and Monitoring Unit                                                                         April 2009 
 
 8 

 

 

The above data clearly shows that industrial combustion and road traffic are 

the predominant sources of Benzene within the Plymouth area.  However, 

there are no large industrial combustion sources near to the AQMA area and 

therefore the evaporative emissions from the commercial filling station and 

road traffic are still the predominant sources of Benzene in the AQMA area.  

 

6.3 Background levels of Benzene 

Annual mean background concentrations of Benzene since 2003 for the 1km2 

covering the AQMA were obtained from the UK National Air Quality 

Information Archive website at 

http://www.airquality.co.uk/archive/laqm/tools.php 

 

These concentrations are shown in table 6.2 below. All of the estimated 

values are well below the 2003 and 2010 objectives. 

Year Maximum Benzene Concentration 
µg/m 3 

X = 248500 Y = 54500 

2001 0.581 

2003 0.515 

2010 0.402 

Table 6.2 Maximum estimated background Benzene concentrations  
 

6.4 Impact of the Petrol Station on Benzene Emission s   
 
There are two possible major sources of Benzene from evaporative emissions 

at petrol stations.  The first occurs when petrol vapour is displaced while filling 

underground storage tanks.  This is termed as Stage 1 emissions.  The 

second occurs when petrol vapour is displaced from vehicle petrol tanks 

during refueling, which is termed as Stage 2 emissions.  

 

All petrol stations with a petrol throughput of greater than 1000 m
3 

per annum 

were required to fit Stage 1 vapour recovery before 1 January 1999 and 

required to fit stage 2 vapour recovery by the end of 2009.  

 

http://www.airquality.co.uk/archive/laqm/tools.php
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Petrol stations with a throughput of less than 1 million litres per annum are 

deemed very unlikely to have any significant effect on the local concentrations 

of Benzene.  Stage 1 emissions are therefore, unlikely to have any significant 

influence on concentrations of Benzene in the vicinity of petrol stations.  

 

6.5  Exeter Street Petrol Station 
 
The 2003 USA identified a petrol station located on Exeter Street that had an 

annual throughput in 2002 of approximately 3 million litres of petrol although 

2008 figures suggest an increase to 5.5 litres.  The petrol station is located on 

the side of a busy road with 52972 vehicles (2002 AADT), using four lanes of 

mainstream traffic with an additional two bus lanes.  

 

 

Figure 6.3 Photograph showing the location of the school, directly to the rear 
of the petrol station. 
 

The petrol station is also situated next to traffic lights at a junction and is 

bordered on three sides by taller buildings.  The petrol station has a canopy 

covering the main forecourt and there is a primary school located within 10 

metres of the pumps, with the building façade directly adjoining the boundary 

in some locations.  This is shown in Figure 6.4 below. 



Plymouth City Council 
LAQM Detailed Assessment 
Report Ref: Plym/Benzene/DA/2009   

 
 
Environmental Protection and Monitoring Unit                                                                         April 2009 
 
 10 

 

 

 
Figure 6.4 Photograph showing the location of the school, behind the retaining 
wall to the rear of the petrol station. 
 

 
 St Theresa’s House (Student Accommodation) 
 Holy Cross Roman Catholic Primary School 
 Esso Filling Station 

Figure 6.5 Aerial view of the Holy Cross School, St Theresa’s House and the 
Petrol Station (courtesy of Google Earth) 

Petrol Vents  

Retaining Wall 
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The school is separated from the petrol station forecourt by a high retaining 

wall; however, the school is at a much higher level than the petrol station.  

Directly over the wall from the petrol vents is the school playground.  

 
6.6 Impact of Road Traffic Sources on Benzene Emiss ions within the  
 AQMA  

Examination of traffic data provided by the Transport Department of Plymouth 

City Council shows that Exeter Street, the A374, is not classified as “very 

busy”, as specified in guidance document LAQM.TG (09).  However, it is a 

main route in and out of the city, with 52972 (average 24 hr traffic flow) 

vehicles (2002 AADT) and 51006 in 2008.  The petrol station itself is located 

on a very busy road junction of the A374 (Exeter Street) and the B3240 

Bretonside.  Exeter Street is also within an AQMA declared for exceedance of 

the 2010 Nitrogen Dioxide objective.  

 

6.7 Industrial Sources on Benzene Emissions in Plymo uth  

6.7.1 Major Fuel Storage Depots (petrol only)   

The 2003 USA identified two petrol storage terminals in Plymouth, Chevron 

(formerly Shell) and the Mayflower Terminal (formerly Esso), which required 

further examination.  Both are Part B permitted processes under the 

Environmental Permitting Regulations 2007. 

 

The closest receptors to the petrol storage terminals were found to be 88 

metres away and both are located 1471 metres and 835 metres, south east of 

the AQMA. The USA concluded that the emissions of Benzene from the 

storage terminal would have no significant effect on the concentrations of 

Benzene within the AQMA. 

 

6.7.2 Other Industrial Sources 

Further information gathered by Plymouth City Council and from the 

Environment Agency show that there are no industrial sources from the  
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previous round of updating and screening assessment that have substantially 

increased emissions.  No other known Part A or B processes are considered 

to emit significant levels of Benzene within the context of the LAQM process 

that contribute to Benzene concentrations in the AQMA. 

 

7.0 Monitoring Programme 
 
7.1 Monitoring Data 

Dedicated and targeted monitoring data has been undertaken in the city 

centre area, within the AQMA plus one roadside location just outside the 

AQMA to represent the roadside concentration of Benzene.  Due to financial 

restrictions, the monitoring programme initially commenced with the 

deployment of BTEX tubes, which were located at a number of sites around 

the school grounds.  

 
The technical guidance document LAQM.TG (03) suggested that accuracy for 

Benzene monitoring with BTEX tubes is +/-25%.  However, a sampling 

strategy was discussed with the Monitoring Helpdesk, including the co-

location of a tube with the Hydrocarbon Network Site at the Plymouth centre 

AURN.  

 

The monitoring location of the diffusion tubes at the school presented some 

difficulties due to the shape of the school building. The guidance at the time, 

LAQM.TG (03) suggested that to monitor for the 2010 annual mean objective, 

the objectives would apply at a building façade of a school or residential 

property.  Therefore the tubes were deployed at the main entrance to the 

school, located in the playground area, and on the wall of the school 

overlooking the playground.  These areas were chosen as the locations to 

represent the most relevant exposure.  This can be demonstrated in Figure 

6.4 above where the tube is located at the top of the wall above the car.  

 

After the AQMA was declared, a new block of student flats, St Theresa’s 

House, was constructed directly adjacent to the petrol station.  This 

accommodation is fully occupied during the academic year.  Consequently  
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monitoring commenced on the building façade of that building due to the 

additional numbers of exposed population to Benzene concentrations from the 

petrol station.  

 

A continuous pumped analyser was purchased from and supported by 

National Physics Laboratory (NPL). This was installed at the school, with the 

inlet tube located close to one of the current diffusion tube locations.  

 

Figures 7.1 and 7.2 below show the location of monitoring within the Exeter 

Street AQMA and at the roadside location outside the AQMA. 

 

 
Location Tube Grid Reference 
School Wall A SX4854NW     248495     54597 
School Door B SX4854NW     248499     54600 
St Theresa’s House C SX4854NW     248470     54595 
Exeter Street Flats D SX4854NW     248587     54526 
Pumped School E SX4854NW     248495     54602 
Figure 7.1 Map showing the location of the diffusion tube monitors and the 
pumped sampler at Holy Cross School. (Blue dot represents diffusion tubes, 
and red diamond is the pumped sampler) 
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 St Theresa’s House (Student Accommodation) 
 Holy Cross Roman Catholic Primary School 

 Esso Filling Station 
Figure 7.2 Aerial photograph to show the location of the diffusion tube 
monitors and the pumped sampler at Holy Cross School.  
 
7.2 Monitoring Results from the Plymouth Centre AUR N 
 
Monitoring has been carried out at the Plymouth AURN site using a pumped 

Benzene sampler as part of the Hydrocarbon Network since May 2002.  The 

tubes are exposed bi-weekly and are attached to a pump so the air flow 

through the tube can be measured.  

 

The annual levels of Benzene from the pumped Benzene sampler at the 

AURN site are available on www.airquality.co.uk and are shown in Figure 7.2 

below. 
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Figure 7.3 Mean annual Benzene levels at the Plymouth AURN site 
 
7.3 Monitoring Results from within the Benzene AQMA 
The annual mean (raw data) results for the entire monitoring period are shown 
in table 7.1 below. 
 

 School 
Wall 

School 
Door 

Exeter 
Street 
Flats 

St 
Theresa's 

House 

AURN 
Roof 

School 
Pumped 
Sampler 

AURN 
Pumped 
Sampler 

2003 5.07 4.18   2.74  1.03 
 

2004 3.06 2.39 2.28 5.53 1.17  0.94 
 

2005 3.06 2 1.41 4.35 0.75 2.84 0.97 
 

2006 3.01 2.35 2.18 3.84 0.95 2.7 0.92 
 

2007 1.36 1.12 1.01 2.22 0.67 1.71 1.04 
 

2008** 1.47 1.15 1.28 2.09 0.57 1.21 0.58 
 

2009 
(Projected) 

1.42 1.11 1.24 2.03 0.55 1.17 0.56 

2010 
(Projected) 

1.39 1.09 1.21 1.98 0.54 1.14 0.53 

2015 
(Projected) 

1.35 1.05 1.17 1.92 0.52 1.10 0.70 

Table 7.1 Annual mean Benzene level results, (raw data).  These results are 
more clearly depicted in Figure 7.3b below. 
 



Plymouth City Council 
LAQM Detailed Assessment 
Report Ref: Plym/Benzene/DA/2009   

 
 
Environmental Protection and Monitoring Unit                                                                         April 2009 
 
 16 

 

Plymouth Benzene Monitoring Programme
(Raw Data)

0

1

2

3

4

5

6

20
03

*
20

04
20

05
20

06
20

07

20
08

**

20
09

 (P
ro

jec
ted

 **
*)

20
10

 (P
ro

jec
ted

 **
*)

20
15

 (P
ro

je
cte

d*
**)

µg
/m

3 School Wall

School Door

Exeter Street Flats

St Theresa's House

AURN Roof

School Pumped Sampler 

AURN Pumped Sampler

 
Figure 7.4 Annual mean (raw data) results for the entire monitoring period. 
 

7.4 Period Mean and Bias Adjustment of Results 
 
To take account of the bias in the diffusion tubes analysed by GRADKO 

International Limited, the bias adjustment factor (BAF) for the Benzene 

diffusion tubes is calculated.  The same approach as calculating a Nitrogen 

Dioxide bias correction factor (BAF) from Box 6.4 in LAQM.TG (03) is applied.  

 

To calculate the bias adjustment factor the annual mean for the pumped 

samplers and co-located tubes are obtained.  Co location studies were carried 

out with Benzene tubes located sited alongside the pumped sampler outlets at 

the Plymouth Centre AURN and the school.  The comparison between the 

AURN, the school pumped samplers and their co located tubes are shown in 

figures 7.5 and 7.6 below. 
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Figure 7.5 Mean results for the pumped Benzene sampler at the AURN site in 
Plymouth and the co-located diffusion tube for Benzene 2003 to 2008. 
 

Comparison Between School 
Pumped Sampler & School Door 

(co-located)

0

1

2

3

4

5

6

2005 2006 2007 2008*

µg
/m

3 SCHOOL DOOR

SCHOOL
PUMPED
SAMPLER

 

Figure 7.6 Mean results for the pumped Benzene sampler at the school and 
the co-located diffusion tube for Benzene 2005 to 2008. 
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To calculate the bias adjustment factors for 2008, the annual mean figures 

were needed.  An estimation of the annual mean was obtained using box A1.3 

of LAQM TG (03) and after advice from the Review and Assessment 

Helpdesk about how to use the lower data capture rates in 2007 and 2008, 

see Appendix 2, page.  This was due to the fact that pumped sampler 

monitoring ended at the school in August and the data capture rate for the 

AURN roof has been lower due to the theft of the tubes and the extremely 

poor condition of the roof structure, preventing safe officer access.  The 

calculations for the estimation of the annual mean from short term monitoring 

are shown in table 7.4a below. 

 

School Sampler 

Estimation of Annual Mean From Short Term Monitorin g 

AM = Annual mean from previous calendar month 

Pm = Period mean for period of interest 

Calculate the ratio (R) of annual mean to period mean (Am/Pm) 

Estimated annual mean = period mean x ratio 

Am = 1.71 

Pm = 1.21 

R =  1.71/1.21 = 1.41 

Estimated Annual Mean for School 

Door = 1.51 x 1.41 
2.13 

Estimated Annual Mean for School 

Sampler= 1.21 x 1.41 
1.71 

Table 7.2  Calculations for the Estimation of Annual Mean from Short Term 
Monitoring 
 
Further advice was obtained from the Review and Assessment Helpdesk 

regarding which data to use to obtain the BAF’s.  The Helpdesk advised that 

the BAF’s should be calculated from both the AURN and School Sampler and 

to use the highest BAF obtained.  If none of the BAF’s were higher than 1 

then the advice was to use the raw data without bias. 
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The calculation and results for the 2008 bias adjustment factor for both co 

location exercises are shown in Tables 7.3 and 7.4 below.  

 

School Bias Adjustment Factor 2008 
A bias adjustment factor is calculated as follows: 

  
A =  CM/DM 

CM =  Annual mean sampler concentration. 
Dm = Annual mean diffusion tube concentration 

  
Benzene Tube Bias Adjustment 

Cm = 1.71 
Dm = 2.13 
A = 1.71/2.13 
A = 0.80 

  
Tubes therefore under read by  20 % 

Table 7.3 Calculation for the School Bias Correction Factor for Benzene 
Diffusion Tube Data in 2008. 
 

AURN Bias Adjustment Factor 2008 
A bias adjustment factor is calculated as follows: 

  
A =  CM/DM 

CM =  Annual mean sampler concentration AURN 
Dm = Annual mean diffusion tube concentration 

  
Benzene Tube Bias Adjustment 

Cm = 0.58 
Dm = 0.57 
A = 0.58/0.57 
A = 1.02 

  
Tubes therefore over read by 2 % 

Table 7.4. Calculation for the AURN Bias Correction Factor for Benzene 
Diffusion Tube data in 2008. 
 

It can be seen that the school BAF is less than 1 and the BAF calculated from 

the AURN data is slightly over at 1.02.  Therefore the AURN BAF was applied 

to the raw data to present the worse case scenario.   
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The difference in the school and AURN tubes can be explained by the fact 

that due to staffing shortages and financial restrictions, the passive sampling 

exposure periods at the school was increased from two to four weeks to fit in 

with the NO2 tube monitoring programme. Advice was obtained from Gradko 

who advised that the four week period was at the upper exposure time limit for 

BTEX tubes using Chromosorb 106 sorbent, but the results would still be 

relevant and credible. 

 

The following table and graph shows the 2008 bias adjusted data that has 

been forward forecast to the years 2009, 2010 and 2015 using the Air 

Pollution - Year Adjustment Calculator (v1.1a).  

 

Bias 
Adjustment 
Factor 1.02  

School 
Wall 

School 
Door 

Exeter 
Street 
Flats 

St 
Theresa's 

House 

AURN 
Roof 

School 
Pumped 
Sampler 
(6mths) 

AURN 
Pumped 
Sampler 

2008 1.98 
 

1.54 1.71 2.8 0.77 1.21 0.58 

2009* 
(Projected)  

1.92 1.49 1.66 2.71 0.75 1.17 0.56 

2010* 
(Projected)  

1.87 1.46 1.62 2.65 0.73 1.14 0.55 

2015* 
(Projected)  

1.80 1.40 1.56 2.55 0.70 1.10 0.53 

Table 7.5  2008 bias adjusted data that has been forward forecast to the 
years 2009, 2010 and 2010 
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Figure 7.7 2008 bias adjusted data that has been forward forecast to the 
years 2009, 2010 and 2010 
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7.5 QA/QC and Data Ratification  

The AURN and Holy Cross pumped samplers are audited on a 6 monthly 

basis.  This data is then used to scale and ratify the provisional data.  Details 

of the QA/QC procedures for diffusion tubes and the pumped samplers along 

with audit reports for the Holy Cross pumped sampler can be found in 

Appendix 2, page 26. 

 

8.0 Discussion of Results 

This second detailed assessment has been carried out for the AQMA, 

declared for Benzene concentrations having the potential risk of exceeding 

the 2010 annual mean objective.  Annual mean Benzene concentrations have 

been predicted at relevant receptors within the area using pumped sampler 

and diffusion tube monitoring, for future years. 

 

Analysis of the data obtained from the monitoring programme suggest that 

despite the increase in petrol throughput from 3 to 5.5 million litres per annum, 

the concentrations of Benzene at each location, have in general dropped over 

the last three years and all are comfortably below the 2010 objective of 5 

mg/m3. 

 

When these results are forecast to 2010, and further forward to 2015 as 

shown in table 7.5 above it indicates that the concentrations are predicted to 

fall well within the 2010 objective.  It is also likely that the Benzene 

concentrations will continue to fall even during a ‘poor’ pollution year, with a 

likely further reduction in the annual average Benzene concentrations by 

2010. 

 

Figure 7.7 above demonstrates that the highest concentrations of Benzene 

are at St Theresa’s House.  This building is used as student accommodation 

block.  
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Although the levels have dropped significantly since stage 2 vapour recovery 

was installed, it was decided that monitoring should continue due to the 

sensitivity of the population.  This ensured that enough monitoring data was 

obtained to correctly assess any expected improvements.  Also DEFRA 

advised that it is important that Authorities avoid cycling between declaring, 

revoking and declaring again, due to variations in pollutant concentrations 

leading to future exceedences that might occur in more adverse 

meteorological conditions. 

 

The results from the whole monitoring exercise show a steady reduction of 

Benzene concentrations from 2003 to 2008.  This has resulted from the 

natural drop in background concentrations and through increased car fleets 

with catalytic converters. 

 

The sharp drop in concentrations in 2007 can be directly attributed to the 

retrofitting of abatement technology (stage 2 vapour recovery) at the petrol 

station in January 2007. 

 

Benzene concentrations may vary significantly from one year to the next, due 

to the influence of meteorological conditions; however, the concentrations are 

predicted to continue to fall nationally and within the AQMA due to the 

continued reductions in background concentrations and improvements in 

vehicle emissions through implementation of national policies. 

 

9.0 Recommendations 

Based on this detailed assessment and review of the monitoring data the 

following recommendations are made. 

 

•  To revoke the Air Quality Management Area for Benzene, on the basis 

that no exceedances of the 2010 objective are predicted at relevant 

receptor locations.  
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•  Following revocation, to continue monitoring Benzene at reduced 

current diffusion tube locations in order to ensure that any future 

changes in Benzene concentrations are detected, notably locations 

representative of the relevant exposure, i.e., at the façade of St 

Theresa’s House and Holy Cross School (Tube id’s B & C, figure 7.1a). 

 

• That the correct procedures are followed, using section 83 (2) of the 

Environment Act 1995 with relevant consultation with stakeholders 

within 4 months of DEFRA’s comments. 
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10.1        Appendix 1 

 
 
 
 
 

Environment Act 1995 Part IV Section 83(1) 
 

Plymouth City Council 
Air Quality Management Area Order 

 
Plymouth City Council, in exercise of the powers conferred upon it by Section 83(1) 
of the Environment Act 1995, hereby makes the following Order. 
 
This Order may be cited/referred to as the Plymouth City Council Air Quality 
Management Area Number 3, Exeter Street (Benzene) and shall come into effect on 
25th May 2005. 
 
The area shown on the attached map in red is to be designated as an air quality 
management area (the designated area).  The designated area incorporates the 
premises known as Exeter Street Petrol Station, Exeter Street, St Thomas House, 77-
79 Exeter Street and Holy Cross Roman Catholic Primary School, Beaumont Road.  
The map may also be viewed at the Council Offices, Civic Centre, Armada Way, 
Plymouth, PL1 2EW. 
 
This area is designated in relation to a likely breach of the benzene (annual mean) 
objective as specified in the Air Quality (England) Regulations  2000. 
 
This Order shall remain in force until it is varied or revoked by a subsequent order. 
 
The Common Seal of Plymouth City Council. 
Was hereto affixed on 24th May 2005 and signed on behalf of said Council. 
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Appendix 2 
 
Period adjustment and Bias Adjustment Advice, Revie w & Assessment 
Helpdesk 
 
Graham, 
Yes, Specifically to your 2 questions: 
 
1) Calculate and show BAFs for both your pumped sampler and the AURN and if one or 
either of these is >1 then use the highest.  If neither are then use the raw tube measurements 
without bias.  It may also be worth showing the monthly bias factors.  The reason for all this is 
that there is much less evidence to suggest that benzene tubes have the same predictable 
bias issues that NO2 tubes do. 
 
2) In estimating an annual mean, just use the local site should be OK.  But also make sure 
you compare with what the diffusion tubes show and what the 6 month average is and 
determine what the worst-case figure is. 
 
Let me know if you have any questions about this. 
Cheers, 
Tim. 

 
From:  Hooper, Graham (DEVELOPMENT) [mailto:Graham.Hooper@plymouth.gov.uk]  
Sent:  02 April 2009 17:10 
To:  Aqm Review 
Subject:  Adjusting short term monitoring data for Benzene 

 Hi Help desk  

I work for Plymouth City Council and I am compiling the detailed assessment for benzene in 
order to present the required data to revoke the AQMA. 

We carried out monitoring with BTEX tubes from late 2003 to present day and form February 
2005 to August 2008 with a pumped sampler. 

A tube was co located by our sampler outlet.  
A tube was co located with the AURN sampler  

My questions are should I work the bias adjustment factor out with the AURN data and co 
located tube or with our pumped sampler and the co located tube or should I use worse case 
scenario or present both.  

I also need to adjust the annual mean for 2008 with 6 months of sampler data. I believe I work 
this out the same as for NO2 as described in Box A1.3 in LAQM TG03, However, it states that 
I need to identify 2 to 4 nearby long term monitoring sites up to 50 miles away. Exeter is the 
nearest site at 50 miles away but doesn't carry out pumped benzene sampling. Is it 
acceptable to use only Plymouth data to work out the ratio.  

I am on leave until the 13th of Aril but will be working on the report and will be picking up 
emails. Is it possible to email me the response? 

Many Thanks  

Regards   

Graham Hooper   
Senior Environmental Protection Officer   
Environmental Protection and Monitoring Unit   
Public Protection Service   

 

http://aqmrclatestnews.blogspot.com/feeds/posts/default
mailto:Graham.Hooper@plymouth.gov.uk
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10.3        Appendix 3 
 
Quality Assurance and Control Measures 

Benzene Diffusion Tubes 

Benzene diffusion tubes (BTEX) are supplied by GRADKO.  Analysis is 
carried out using Gas Chromatography/ Thermal Disorption techniques.  
Standard solutions are prepared covering the concentration range 10-2000ng 
and there is an uptake rate of 1.28ng per ppm per minute. 

The exposed tubes are thermally disorped and the vapour phase transferred 
to a gas chromatography system.  Calibration determinations are made for 
every batch of tubes analysed. 

Results are issued in parts per billion and are then converted to µg/m3.  The 
interval between preparation and deployment is kept to a minimum and after 
tubes are dispatched they are stored within the refrigerator until deployment to 
site.  A blank tube has now commenced with a tube being left within the 
refrigerator for the exposure period and returned with the tubes after 
exposure. 

Monitoring locations have been chosen to represent relevant exposure 
locations to represent the annual mean concentration, although the accuracy 
of the tubes may be +/-25%.  When the tubes are placed out at the monitoring 
locations, the red cap is removed and a filter is placed on the end of the tube.  
The tubes are left for 4 weeks and when collected, the filter is removed and 
the cap is placed on the tube.  The tubes are then sent away to the laboratory 
for analysis. 

Quality assurance is given by the participation in the WASP scheme.  The 
analytical laboratory takes part in the Workplace Analysis Scheme for 
Proficiency (WASP) run by the UK Health and Safety Laboratories.  Samples 
of BTEX loaded tubes are sent to each laboratory three times per year for 
analysis. 

The laboratory methods and procedures used for this analysis form part of the 
Quality Management Systems which has been written to comply with the 
requirement of UKAS. 

AURN Pumped Sampler 

The National Physics Laboratory co-ordinate a national survey, that Plymouth 
participates in. The pumped sampler is located at the AUN site, in Armada 
Way, and is considered an urban background site.  Benzene tubes are 
provided fortnightly and the local site operator changes the tubes, checks and 
adjusts the flow rate accordingly.  All procedures in the manual provided by 
NPL are followed. 
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NPL audit the sampler every six months to check that the box is not leaking, 
measure the flow through the two tubes and correct it if it is more than 10% 
out.  If the flow is greater than 10% out then the data is scaled accordingly.  
The absorbent is Carbopack X.  The uptake rate does not apply due to it 
being a pumped sampler. 

Holy Cross Pumped Sampler 

The Holy Cross sampler is operated using the same procedure as the AURN 
pumped sampler.  Below are the audit reports for the Holy Cross sampler. 

Kevin Whiteside 
National Physical Laboratory 
Hampton Road 
Teddington  
Middlesex 
TW11 8BR     
Tel : 02089436380 
 
 Controlled Air Sampler   No 51                        10/07/07 
 
Fault report: 
  Customer reported no health light. 
 
Test: 
  At the start of testing the sampler was performing correctly but 
the Mass Flow Controller was working at its higher limit. After twelve hours of 
continual running the MFC failed and the sampling box stopped working i.e. 
no health light. 
 
Repairs: 

  Replaced MFC.  
 
Service: 
 Replaced components past their recommended working life  
 Replaced parts have a guarantee of one year.(the pump still requires a 
six monthly service) 

1) Vacuum pump.   
2) Digital counter.   

        
Items Returned: 
       Pump Box No 51 
       Pump No 202549741 
       Elbows   x 5 
       Box containing new tubes 
 
       Instrument repaired and calibrated to sample at 10.00 sccm on side A 
and B.     
MFC: Test = -7.22v, Flow = 2.54v, Set point = 2.54v. 



Plymouth City Council 
LAQM Detailed Assessment 
Report Ref: Plym/Benzene/DA/2009   

 
 
Environmental Protection and Monitoring Unit                                                                         April 2009 
 
 29 

 

Leak test = OK 
 
 Testing was completed and the instrument was in full working order prior to 
dispatching. 
 
To prolong the life of the MFC and to keep the sampler working at maximum 
efficiency it is recommended that the two inlet filters were replaced and the 
pump serviced every six months. And the inline filter is replaced yearly.  
 
Signature:         K J Whiteside                       

 

The Benzene pump box at Holy Cross School was audited on 06/06/07 
 
Serial Number:  NPL#51 
As found leak test:  Passed 
As found sample flow: 10.0 cc/min 
As found manifold flow 1.4 l/min 
 
Sides A and B sampling equal times 
 
All flows are within specification and were not adjusted. 
 
The pump diaphragm, bypass and inline filters and sample inlet tubing were 
replaced. 
 
 
The audit data from this and the previous audit on 07/11/06 were used to 
scale the measured concentrations to provide the ratified data set. 
 
 
 

The Benzene pump box at Holy Cross School was audited on 13/11/07 
 
Serial Number:  NPL#51 
As found leak test:  Passed 
As found sample flow: 10.0 cc/min 
As found manifold flow 2.0 l/min 
 
The sampler was PAT tested successfully 
 
Sides A and B sampling times equal 
 
All flows are within specification and were not adjusted. 
 
The pump diaphragm and bypass filter were replaced. The sample and inline 
filter were found to be clean and not in need of replacement. 
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Graham / Nicola 
  
audit report for visit on 11/03/08: 
  
On arrival the sampler was found to be leak tight and the flow from the inlet 
was 1.5 litres per minutes. The flow was within specification and was adjusted 
back to the set point of 2.0 litres per minute. 
  
The sample flow through both tubes was measured and found to be 10.00 cc 
per minute for both tubes, which is within specification. Side A and B sampling 
times were found to be equal. 
  
The pump diaphragm and all internal filters were replaced. 
  
The sampler was flow and leak checked at the end of the audit and all 
parameters were within specification. 

 

Audit Report For Plymouth Holy Cross School – 01/07 /08 
 
On arrival the sampler was found to be leak tight and the flow from the inlet 
was 2.0 litres per minutes. The flow was within specification. 
 
The sample flow through both tubes was measured and found to be 10.00 cc 
per minute for both tubes, which is within specification. 
 
The pump diaphragm was replaced and all internal filters checked and found 
to be ok. 
 
The sampler was flow and leak checked at the end of the audit and all 
parameters were within specification. 
 
The sampler was turned off and all inputs capped as it was the end of the 
monitoring period. 

 


