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Executive summary 

The UK Hydrocarbons Network comprises automatic and non-automatic systems to 
measure benzene in compliance with the European Directive 2008/50/EC (AQD) (EC, 2008). 
The UK is required to meet the Directive annual mean limit value of 5 µg m-3 as well as 
achieving compliance with Objectives in the UK Air Quality Strategy (Defra, 2007). This 
report details the 2019 data and compares against the UK and EU limit values. 

The Directive sets data capture requirements of 90% for benzene. The mean data capture 

for benzene measured at the non-automatic hydrocarbon monitoring stations in operation 

from January to December 2019 was 95%. The annual mean concentration across all non-

automatic monitoring stations in the UK was 0.64 µg m-3. All 34 monitoring stations used for 

non-automatic benzene measurements are situated in urban locations. 

The Directive also requires the measurement of ozone precursor volatile organic compounds 

(VOCs). The UK Hydrocarbons Network measures 29 of the 31 listed substances (including 

1,3-butadiene) using automatic analysers. There are two urban stations, an urban traffic 

station on the Marylebone Road, London and a suburban station in Eltham, Greenwich. 

Rural automatic stations at Chilbolton Observatory, Hampshire and Auchencorth Moss, 

Midlothian are used to support The European Monitoring and Evaluation Programme 

(EMEP) to Level 2. EMEP is a scientifically based and policy driven programme under the 

Convention on Long-range Transboundary Air Pollution (CLRTAP) for international co-

operation to solve transboundary air pollution problems. 

The mean data capture for benzene measured by the automatic hydrocarbon network in 

2019 was 73%. The annual mean across all automatic monitoring stations in the UK was 0.5 

µg m-3. 

The results for both automatic and non-automatic monitoring confirm no exceedances of EU 

or UK limit values and objectives at any of the Rural, Urban Traffic, Centre and Background 

locations during 2019. 

This report also includes some more in-depth analysis of: 

ω Long terms trends in benzene concentrations; 

ω Ozone creation potential for different VOC species. 

Key findings for 2019: 

ω In 2019, none of the automatic or non-automatic monitoring stations in the UK 
exceeded the 5 µg m-3 annual mean Limit Value or the Upper Assessment Threshold of 
3.5 µg m-3 for benzene set out in the EC Air Quality Directive. 

ω The results confirm no exceedances of EU or UK limit values and objectives at any of 
the Urban, Traffic and Background monitoring stations during 2019. 

ω Measurements made at the Chilbolton observatory indicate that, of the 29 species 
measured, ethene, Meta + Para-Xylene, nbutane, propane and toluene are the largest 
contributors to regional O3 increment during daylight hours in summer. 
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1 Introduction 

This report provides a summary of the site management activities and data produced in 
2019 by the UK Hydrocarbon monitoring network. 

The network comprises automatic and non-automatic systems to measure benzene in 

compliance with the Air Quality Directive 2008/50/EC. The UKôs interpretation of the 

Directive is that benzene must be measured at a minimum of 34 urban traffic, urban 

background or urban industrial monitoring stations, and a suggested suite of ozone 

precursors should be measured at one or more suburban locations in the UK. Up to 29 

ozone precursor substances (including 1,3-butadiene) are measured using the automatic 

system at 4 sites, whereas a more cost effective non-automatic sampling system is used for 

more widespread benzene measurements. 

All hydrocarbon network instruments are co-located at AURN (Automatic Urban and Rural 

Network) monitoring stations. 

The number and location of sites in the network are based upon a preliminary assessment 

against the sampling requirements in Annex V of the Air Quality Directive, undertaken in 

2006 and 2011 (Defra, 2013). 

The information and data presented in this report are correct at the time of publication, 

however, it is possible that data may be rescaled or deleted from the data set if future audits 

and calibrations identify a need to correct the data. Latest data can always be accessed from 

UK-AIR. 

 

1.1 Sources of NMVOCs 

Figure 1 shows source data from the National Atmospheric Emissions Inventory (NAEI) for 
Non-Methane Volatile Organic Compounds (NMVOCs) from 1990 to 2018. VOC emissions 
from road vehicles and fuel use predominated emissions until around 2001. However, the 
predominant source today is solvent use (Figure 1). 

http://uk-air.defra.gov.uk/
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Figure 1: NAEI estimated NMVOCs emission from 1990. 

1.2 Regulatory background 
 

1.2.1 UK Air Quality Objectives  
 

The Air Quality Strategy for England, Scotland, Wales and Northern Ireland (July 2007) sets out the 

UK Air Quality Objectives for benzene and 1,3-butadiene (Table 1). 

Table 1: UK Air Quality Objectives 

Pollutant Applicable to 
Concentration 

(µg m-3) Measured As 
To be 

achieved by 

Benzene All authorities 16.25 Running annual 
mean 

31-Dec-03 

Benzene England and 
Wales Only 

5.00 Annual mean 31-Dec-10 

Benzene Scotland and 
N. Ireland 

3.25 Running annual 
mean 

31-Dec-10 

1,3-Butadiene All authorities 2.25 Running annual 
mean 

31-Dec-03 

1.2.2 European Directive Limit Values 

Hydrocarbons are also governed by Directive 2008/50/EC of the European Parliament and of 
the Council of 21 May 2008, on ambient air quality and cleaner air for Europe (the 
Directive). The Directive sets a limit value for annual mean benzene concentrations across 
Member States as well as lower and upper assessment thresholds (Table 2). 
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Table 2: European Benzene Limit Value and Assessment Thresholds. 

Threshold Concentration (µg m-3) Measured As 

Limit Value 5.0 Annual mean 

Upper assessment threshold 3.5 Annual mean 

Lower assessment threshold 2.0 Annual mean 

The limit value for the protection of human health for benzene is 5 µg m-3 as a calendar year 

mean, to be achieved by 1st January 2010. The upper and lower assessment thresholds, 3.5 

µg m-3 (70% of limit value) and 2 µg m-3 (40% of limit value), are used to determine how 

many fixed sampling points are required. The UK uses a combination of monitoring and 

modelling to assess air quality and for compliance reporting. Where levels are assessed to 

be below the lower assessment threshold then modelling, objective estimation and indicative 

measurements are suitable for assessment and fixed monitoring is not required. Therefore, 

monitoring in the UK is primarily at locations where levels of benzene are modelled or 

measured to be above the LAT such as for assessment of emissions from industrial sources 

or from road transport. 

The Data Quality Objective for benzene measurement uncertainty is ±25% with a minimum 

data capture of 90%. A further 5% of planned equipment maintenance and calibration time 

may be deducted from the data capture objective for automatic measurements during the 

ratification process. For the Hydrocarbon network, it is estimated that this is <2% based on a 

typical calibration regime. There is no planned downtime for the non-automatic 

measurements. The minimum time coverage is 35% (distributed over the year) for urban 

background and traffic sites and 90% for industrial sites. 

Annex X of the Directive (EC, 2008) lists 31 other Volatile Organic Compounds (VOCs) 

which are ozone precursors and which must be measured in at least one urban or suburban 

area to support the understanding of ozone formation. With the exception of formaldehyde 

and total non-methane hydrocarbons, these VOCs are all measured by the current automatic 

hydrocarbon network instruments and are listed in Table 3. Neither data quality objectives 

nor limit values are given for measurement of these species, however, Defra have specified 

that all other VOC compounds have a minimum data capture target of 50%. 

1.2.3 The European Monitoring and Evaluation Programme 

The European Monitoring and Evaluation Programme (EMEP) is a scientifically based and 
policy driven programme under the Convention on Long-range Transboundary Air Pollution 
(CLRTAP) for international co-operation to solve transboundary air pollution problems. 
Defra have supported the programme, providing two sites to Level 2 status, which includes 
the measurement of ozone precursor measurements. The same system used to support the 
AQD is used at two Rural locations; Chilbolton Observatory, Hampshire and Auchencorth 
Moss, Midlothian. In addition, data are also reported to and used by the Aerosol, Clouds and 
Trace Gases Research Infrastructure (ACTRIS) pan-European initiative to consolidate trace 
gas measurements. EMEP and ACTRIS data are both held within the EBAS database 
maintained by the Norwegian Institute for Air Research (NILU). 

1.3 Network background and methods 

The UK Hydrocarbon Network is one of several air quality monitoring networks operated by 
the Environment Agency on behalf of Defra to fulfil its statutory reporting requirements and 

http://www.actris.eu/Portals/46/Data%20and%20Services/Measurement%20guidelines/Near-surface%20trace%20gases/ACTRIS-1%20Deliverable_WP4_D4.9_M42_v2_Sep2014.pdf?ver=2017-03-20-135044-
http://ebas.nilu.no/
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policy needs. These include the Automatic Urban and Rural Network, which measures 
particulate matter, NO2, CO, SO2 and O3, Heavy Metals Network and Polycyclic Aromatic 
Hydrocarbon Network, which meet the requirements of the AQD and Fourth Daughter 
Directive (DD4). Other monitoring programmes including the Particles Concentrations and 
Numbers Network, Black Carbon Network and UK Eutrophying and Acidifying Pollutants 
Network exist to meet other requirements including those set out in the Air Quality 
Strategy. 

1.3.1 Non-Automatic Benzene Monitoring 

The Non-Automatic Hydrocarbon network started operation in 2001, measuring benzene 
and 1,3-butadiene. Benzene measurements are made using a dual sample tube controlled 
flow pump unit described in EN 14662-мΥнллрΣ Ψ!ƳōƛŜƴǘ ŀƛǊ ǉǳŀƭƛǘȅ ς Standard method for 
ƳŜŀǎǳǊŜƳŜƴǘ ƻŦ ōŜƴȊŜƴŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎΩ ōȅ aŀǊǘƛƴ Ŝǘ ŀƭΣ ŀƴŘ ǾŀƭƛŘŀǘŜŘ ōȅ vǳƛƴŎŜȅ Ŝǘ 
al. This methodology currently produces measurements as nominal fortnightly averages at 
34 stations. 

The benzene monitoring method involves drawing ambient air at a controlled rate (nominally 

10 ml/min) alternately through two tubes (A and B) containing a carbon-based sorbent 

(Carbopack X). Each tube samples at 10 ml/min for 8 minutes for a nominal two-week 

period. A designated local site operator manually changes the tubes and returns these to 

Ricardo Energy & Environment (Ricardo), on completion of the sampling period. The tubes 

are then sent to the laboratory for subsequent analysis of benzene by gas chromatography-

mass spectrometry. The sampling period and sample flow rate are important such that 

enough benzene is captured onto the sorbent to enable fully quantifiable analysis, but not 

too much that the analyte is able to travel through the sorbent and be lost causing ósample 

breakthroughô. 

Until 2007, passive diffusion tubes were also used to measure 1,3-butadiene in order to 

assess compliance with the UK Air Quality Strategy Objective (2.25 µgm-3 expressed as a 

running annual mean). However, the network was reviewed in 2007, and in view of the fact 

that: 

ω 1,3-butadiene levels at all the sites were well below the objective. 

ω Levels at half of the sites were at or below the detection limit for the method used. 

Defra took the decision to discontinue monitoring 1,3-butadiene with passive diffusion 
tubes. Currently, 1,3 butadiene is only measured using the automatic method. 

1.3.2 Automatic Hydrocarbon Monitoring 

Automatic hourly measurements of speciated hydrocarbons, made using advanced 
automatic gas chromatography, started in the UK in 1991. By 1995, monitoring had 
expanded considerably with the formation of a 13-site dedicated network measuring 26 
species continuously at urban, industrial and rural locations. Over the following years, the 
number of sites was reduced and from 2015 there were only four UK sites in operation to 
satisfy network requirements. The London Eltham site fulfils requirements of AQD to 
monitor ozone precursors at an urban background location, Marylebone Road 
measurements are made to inform research undertaken at the site with regard to roadside 
emissions and the two rural background sites support the EMEP and ACTRIS programmes 
and provide information regarding concentrations at rural locations in the UK. The following 

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32004L0107&from=EN
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29 species are currently measured by the automatic gas chromatographs (Table 3). Table 3 
also lists the photochemical ozone creation potential (POCP) for individual VOCs. These 
values are used to study the contribution of each VOC to the regional ozone formation in 
section 4.3. 

Table 3: Species measured by the automatic chromatographs. Note that m-xylene and p-
xylene are reported as a single measurement. The main sources for each VOC are taken from 
aŀƭƭŜȅ ŜǘΦŀƭ όнлмрύΦ ¢ƘŜ άƳŀƛƴ ǎƻǳǊŎŜέ ŎƻƭǳƳƴ ƎƛǾŜǎ ǘƘŜ {ŜƭŜŎǘŜŘ bƻƳŜƴŎƭŀǘǳǊŜ ŦƻǊ !ƛǊ 
Pollution (SNAP) sector with the largest contribution of that VOC to UK annual 
anthropogenic emissions in 2011, with the exception of isoprene which is mainly of biogenic 
origin. The POCP values are taken from Derwent et al. (2007). The listed SNAP sectors are 
SNAP 2, non-industrial combustion plants; SNAP 4, production processes; SNAP 5, extraction 
and distribution of fossil fuels; SNAP 6, solvent use; SNAP 7, road transport; and SNAP 8, 
non-road transport. 

VOC Class Chemical formula Main source POCP 

ethane alkane C2H6 SNAP5 (65%) 8 

propane alkane C3H8 SNAP5 (36%) 14 

n-butane alkane C4H10 SNAP6 (44%) 31 

isobutane alkane C4H10 SNAP5 (61%) 28 

n-pentane alkane C5H12 SNAP5 (42%) 40 

isopentane alkane C5H12 SNAP5 (41%) 34 

n-hexane alkane C6H14 SNAP6 (42%) 40 

2-methylpentane alkane C6H14 SNAP6 (43%) 41 

n-heptane alkane C7H16 SNAP5 (43%) 35 

n-octane alkane C8H18 SNAP5 (64%) 34 

isooctane alkane C8H18 SNAP4 (100%) 25 

ethene alkene C2H4 SNAP8 (27%) 100 

propene alkene C3H6 SNAP4 (36%) 117 

1-butene alkene C4H8 SNAP7 (26%) 104 

cis-2-butene alkene C4H8 SNAP5 (87%) 113 

trans-2-butene alkene C4H8 SNAP5 (90%) 116 

1,3-butadiene alkene C4H6 SNAP8 (57%) 89 

isoprene alkene C5H8 biogenic 114 

ethyne alkyne C2H2 SNAP7 (46%) 7 

1-Pentene alkyne C5H10  95 

trans-2-pentene alkyne C5H10  111 

benzene aromatic C6H6 SNAP2 (35%) 10 

toluene aromatic C7H8 SNAP6 (63%) 44 

ethylbenzene aromatic C8H10 SNAP6 (54%) 46 

o-xylene aromatic C8H10 SNAP6 (50%) 78 

m-xylene aromatic C8H10 SNAP6 (71%) 86 

p-xylene aromatic C8H10 SNAP6 (50%) 72 

1,2,3-trimethylbenzene aromatic C9H12 SNAP6 (79%) 105 

1,2,4-trimethylbenzene aromatic C9H13 SNAP6 (74%) 110 

1,3,5-trimethylbenzene aromatic C9H14 SNAP6 (71%) 107 
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There is no standard reference method for measuring ozone precursor substances in 

ambient air. Initial development of such a standard is currently being discussed under CEN 

Working Group 12. 

Automated thermal desorption with in situ gas chromatography and flame ionisation 

detection (FID) is used to measure hourly hydrocarbon concentrations. During 2019, 

hydrocarbons at all sites were measured using automatic Perkin Elmer Ozone Precursor 

Analysers. A known volume of air (600 ml) is dried and drawn through a cold trap, which 

contains adsorbent material. The cold trap is held at -30ᶼC to ensure that all the ozone 

precursor target analytes are retained. Following a 40-minute period of sampling, 

components are desorbed from the cold trap and are transferred to the capillary column 

where they are separated using gas-chromatography and subsequently detected by a flame 

ionising detector. The analyser is calibrated using an on-site 30 component gas mixture. 
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2 Site Management 

2.1 Monitoring stations during 2019 

The monitoring stations operating in the UK Hydrocarbon Network during 2019 are shown 
in Figure 2. Full names of the monitoring stations and their coordinates can be found in 
Appendix I. Further details on the sites can be found on the UK Automatic Urban and Rural 
Network Site Information Archive. 

 

Figure 2: Map of UK Hydrocarbon Monitoring stations in 2019 

2.2 Monitoring Regime Assessment 

The size and shape of the national monitoring networks is determined principally by the 
need to make measurements for compliance assessments under the Air Quality Directive. 
The Directive provides criteria to determine monitoring requirements according to 
concentrations relative to a Lower Assessment Threshold (LAT) and an Upper Assessment 
Threshold (UAT) and population by zone. These data inform the number of monitoring 
stations required by zone. This number is then adjusted according to the Directive due to 
the application of Supplementary Assessment (modelling) which allows for a reduction in 
stations by up to 50%. The assessment is based on five years of monitoring and modelling 
data and must be repeated at least every five years to ensure that the pollution climate of a 
Member State is being adequately represented by its compliance reporting (Defra, 2013). 

http://uk-air.defra.gov.uk/networks/search-site-info
http://uk-air.defra.gov.uk/networks/search-site-info
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The last formal assessment of the national monitoring networks was made using 2006-2010 
monitoring data. 

2.3 Equipment Maintenance and Audits 

All non-automatic monitoring stations were visited by Ricardo field engineers every 6 
months during 2019 in order to carry out site audits and to undertake routine maintenance 
of the equipment. The main functions of these visits are to: 

ω Carry out certified flow measurements and calibration using a low flow BIOS 
instrument (UKAS accredited) 

ω Ensure no blockages or leaks in the system 

ω Clean or replace dirty filters and inspect/replace the sample inlet 

ω Replace O-rings and leak test all connections 

ω Carry out electrical Portable Appliance Testing (annually) 

ω Review the site infrastructure and surroundings 

ω Review health and safety risks at the site 

ω Replace or refurbish non-automatic sampler pumps 

Non-Automatic benzene samplers were audited in April and October 2019. Routine flow 
measurements have been used to calculate sample volumes for the 2019 data set by means 
of interpolation. The calibration data from these audits have been used to rescale the 
benzene concentrations during the ratification process. 

The automatic monitoring stations are serviced annually by the Equipment Support Unit 

(Perkin Elmer) where the following routine tasks are undertaken. 

Annual preventative maintenance visits: 

ω Leak check all pneumatic systems 

ω Replace all consumables such as filters, gaskets 

ω Replace the cold trap 

ω Check and condition columns, trimming or replacing as necessary 

ω Checking and replacing transfer line if necessary 

ω Checking and replacing fused silica lines if necessary 

ω Replacing the nafion dryer if necessary 

The Central Management and Co-ordination Unit (Ricardo Energy & Environment) provides 
an annual reference gas audit in addition to the automatic on site calibrations. These audits 
use the instrument sample port as opposed to the analyser calibration port. The sample line 
is inspected and cleaned/replaced annually. 

The operational performance and stability of these types of automated chromatography 

systems can be affected for a period of time following ad-hoc repairs or power cuts. This 

means that an analyser that was only off for an hour might produce poor chromatography for 

a few days subsequent to that issue. Data obtained when the instrument is stabilising 

following repair will not be representative of ambient concentrations at the monitoring 

location. The ratification team will remove any such erroneous data up until the period when 

the data demonstrates that the instrument has stabilised and is producing meaningful data. 
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Ancillary equipment failure is the cause of most prolonged downtime. A spare hydrogen 

generator, TOC zero air generator and air compressor is kept by the ESU such that 

equipment can be swapped quickly if necessary. 
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3 Data Quality 

3.1 Estimation of Uncertainty 

Calculated uncertainty for the Non-Automatic Hydrocarbon sites in 2019 for benzene is 15%, 
ŜȄǇǊŜǎǎŜŘ ŀǘ ŀ фр҈ ƭŜǾŜƭ ƻŦ ŎƻƴŦƛŘŜƴŎŜΦ ¢Ƙƛǎ ƛƴŎƭǳŘŜǎ ŎƻƴǘǊƛōǳǘƛƻƴǎ ŦǊƻƳ wƛŎŀǊŘƻΩǎ Ŧƭƻǿ 
measurements, desorption efficiency and analysis uncertainty. The measurement 
uncertainty calculations for the individual hourly measurements are as defined in the 
standard operating procedures adopted under the ACTRIS project. 

The requirement for benzene measurement uncertainty from an automatic hydrocarbon 

analyser is 25%, expressed at 95% confidence limit. The Perkin-Elmer analyser used in the 

UK network has not been type tested, as there is no reference method comparator so an 

estimate of the various contributions has been made to assess compliance with the DQO 

requirement. The main contributions are: 

ω Repeatability and lack of fit ς derived if possible from the manufacturers specifications 

ω Variation in sample gas pressures, surrounding temperature and electrical voltage ς 
derived if possible from the manufacturers specifications 

ω Interference from ozone ς derived if possible from the manufacturers specifications 

ω Memory effects ς derived if possible from the manufacturers specifications 

ω Differences between the sample and calibration port ς these differences are negligible; 
the sample and calibration port are in contact with 90% of the same valve. Removing 
the calibration cylinder to evaluate this will disturb the system and affect sample 
measurements for some considerable time afterwards. 

ω Uncertainty in calibration gas ς from NPL cylinder certificate 

ω Reproducibility under field conditions ς this could be estimated from the 
manufacturers specifications 

ω Long term drift ς corrections are made such that this is not applicable to the expanded 
uncertainty. 

The largest components in the uncertainty budget are lack of fit and calibration gas 
uncertainty, although the calibration gas used is of the highest available quality. In the 
absence of data from type testing, the maximum permissible values stated in the EN 
Standard have been used as a worst case scenario. Using these values and the known values 
from the calibration cylinder the uncertainty budget has been calculated. The uncertainty of 
benzene measurements using a Perkin-Elmer analyser is estimated to be < 24%. 
Measurements reported to EMEP and ACTRIS are required to be reported with hourly 
uncertainty figures for each hour. The calculation used is provided in ACTRIS standard 
operating procedures: 

… ȟ ὃ ȟ ὃ ȟȾὠ Ὢz ȟ 

Equation 1: Calculation of mole fractions. 

Ὢ ȟ ὠ ȟ …z ȟȾὃ ȟ ὃ ȟ ρȾὅ ὅz ȟ  

Equation 2: Calculation of calibration factor. 

Where 
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ω ὃ ȟ  peak area of sample measurement of compound Ὥ 

ω ὃ ȟ  peak area of calibration gas measurement of compound Ὥ 

ω ὃ ȟ  possible blank value of compound Ὥ determined in zero gas measurements 

ω … ȟ  certified mole fraction of calibration gas standard 

ω ὠ  sample volume of calibration gas 

ω ὠ  sample volume of sample 

ω ὅ  Number of C atoms in the molecule Ὥ (e.g. for Ὥ = n-Pentane, ὅ  = 5) 

ω ὅ ȟ  mean C-response factor of compound Ὥ 

3.2 Determination of precision 

Precision covers random errors of peak integration, volume determination and blank 
variation. 

Precision (‏ ) is determined as the standard deviation of a series of sample 

measurements („ ) 

ῳ „…  

Equation 3: Definition of instrument precision. 

This represents the instrument precision at the concentration level and complexity of the 

sample gas. Because the instrument is subjected to variable peak areas in ambient air, a 

more general description is applied: 

ῳ ρȾσὈὒ …z „ …  

Equation 4: Formula for calculating instrument precision. 

Where 

ω Ὀὒ  detection limit (described below) 

ω …  mole fraction of the ambient peak 

ω „ …  relative standard deviation of the sample (from the reference standard) 

The detection limit is the dominant factor for small peaks, while reproducibility becomes 
more important for larger peaks. 

3.3 Uncertainty calculations 

The total uncertainty ῳ  of a single measurement does not only include the random 

errors described by the precision but also systematic errors ῳ  of the measurement. 

ῳ ῳ ῳ  

Equation 5: Calculation of total measurement uncertainty. 

Errors included in the UK network calculations include: 

ω Uncertainty in the standard gas mole fraction ‏  

ω Systematic errors (for example peak overlay/poor separation) ‏  

ω Sample volume error ‏’ 

ω Other (system artefacts) ‏  

The overall systematic error is described as: 
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ῳ ȿῳ ῳ ῳ ῳ ȿ 

Equation 6: Calculation of overall systematic error. 

Referring to Equation 1 and Equation 2, the single error contribution is determined for each 

measurement: 

ῳ ὃ ’z Ⱦ’ ὃz z‏  

Equation 7: Calculation of calibration error? 

Where ‏  includes the certified relative uncertainty of the standard gas and possible drift. 

ῳ Ὢ Ⱦ’ z‏
Ȣ

ὃ ’z …z Ⱦ’ ὃz z‏
Ȣ

 

Equation 8: Calculation of relative uncertainty. 

Where ‏
Ȣ

 represents the reference gas standard deviation and the ‏
Ȣ

 represents 

the sample gas standard deviation respectively. 

Sample volume error cancels from Equation 1 as sample and calibration volume are 

identical. 

3.4 Standard Methods 

The AQD states that automatic measurements of benzene should be compliant with 
European Standard EN14662-3:2005 ς Part 3: Automated pumped sampling with in-situ gas 
chromatography which is determined as the Ambient Air Quality Standard method for the 
measurements of benzene concentrations. This Standard is for the determination of 
benzene in ambient air for the purpose of comparing measurement results with annual 
mean limit values. It describes guidelines for measurements with automated gas 
chromatographs, between 0 and 50 µg m-3. Measurements undertaken by the Automatic 
Hydrocarbon Network are carried out in accordance with this Standard. 

The Standard Method for measurement of benzene using an automatic analyser is in the 

process of review by CEN Working Group 12. Ricardo has a presence at CEN meetings, 

comments of which are summarised and sent to Defra following each meeting. At the time of 

publication of this report, the proposed revisions include a requirement for more rigorous 

linearity tests. The proposal states the linearity tests will be performed using at minimum the 

following concentrations: 0 %, 10 %, 50 % and 90 % of the maximum of the certification 

range of benzene or the user-defined range. At each concentration (including zero) at least 3 

measurements shall be performed, the result of the first shall be discarded. The test shall be 

repeated at the following intervals: 

ω Within 1 year of the test at initial installation; subsequently: 

ω Within 1 year after test if the lack-of-fit is within 2.0 % to 5.0 %; 

ω ²ƛǘƘƛƴ о ȅŜŀǊǎ ƛŦ ǘƘŜ ƭŀŎƪ ƻŦ Ŧƛǘ ƛǎ Җ нΦл ҈Τ 

ω After repair 

Currently the first three of these have already been implemented on the UK network. 

The AQD states that non-automatic measurements of benzene should be compliant with 

European Standard EN14662-1:2005 the Ambient Air Quality Standard method for 

measurement of benzene concentrations ï Part 1: Pumped sampling followed by thermal 

desorption and gas chromatography. This Standard gives general guidance for the sampling 

and analysis of benzene in air by pumped sampling, thermal desorption and capillary gas 

chromatography. The pumped sampler was developed by the National Physical Laboratory 
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in compliance with this standard. Ricardo contract SOCOTEC to analyse the samples in 

accordance with this standard. The non-automatic samplers were built specifically to meet 

the standard. 

The AQD does not specify a standard method for the measurement of ozone pre-cursors 

(including formaldehyde), with the exception of benzene, as described above. 

3.5 Limit of Detection 

The Limit of Detection for the mass of benzene on a desorption tube from the Non-
Automatic Hydrocarbon Network is approximately 5 ng. This is equivalent to about 0.05 µg 
m-3 from a 14-day sample period. 

The Limit of Detection for each of the 29 species measured by the Perkin Elmer Ozone 

Precursor Analysers is 10 ppt. These are converted to µg m-3 and shown in Table 4. 

Table 4: Automatic analyser limit of detection 

VOC Limit of detection (µg m-3) 

Ethane 0.10 

Ethene 0.01 

Propane 0.02 

Propene 0.02 

Ethyne 0.01 

i-Butane 0.02 

n-Butane 0.02 

trans-2-Butene 0.02 

1-Butene 0.02 

cis-2-Butene 0.02 

i-Pentane 0.03 

n-Pentane 0.03 

1,3-Butadiene 0.02 

trans-2-Pentene 0.03 

1-Pentene 0.03 

2-Methylpentane 0.04 

Isoprene 0.03 

n-Hexane 0.04 

Benzene 0.03 

i-Octane 0.05 

n-Heptane 0.04 

n-Octane 0.05 

Toluene 0.04 

Ethylbenzene 0.04 

(m+p)-Xylene 0.04 

o-Xylene 0.04 

1,3,5-Trimethylbenzene 0.05 

1,2,4-Trimethylbenzene 0.05 

1,2,3-Trimethylbenzene 0.05 
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4 Data Analysis 

4.1 Comparison with Limit Values and Objectives 

The annual mean concentrations of benzene measured using non-automatic samplers over 
the calendar year 2019 are summarised in Figure 3, alongside the associated data capture 
rate. Figure 4 provides similar statistics for the automatic monitoring of benzene and 1,3-
butadiene. Figure 5 shows the data capture rate for other automatically measured VOC 
species. Summary statistics for other measured pollutants can be seen in Appendix II. Some 
valid high measurements from industrial and local sources can be seen at Scunthorpe Town 
and Stockton-on-Tees Eaglescliffe respectively. These have not persisted, nor do these have 
a significant impact on the annual mean causing an exceedance. 

Bath Roadside was removed on 10th June 2019. This sampler was installed at the new Bath 

A4 Roadside station on 30th October 2019 therefore neither station represents a full year for 

2019. 

 

Figure 3: Non-Automatic Benzene annual statistics for 2019. Range shows the annual 
minimum and maximum. 
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Figure 4: Benzene and 1,3-butadiene annual statistics for 2019. Range shows the annual 
minimum and maximum. 

 

Figure 5: VOCs annual statistics for 2019. Dashed line shows the objective data capture rate. 
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Annual time weighted mean concentrations at all monitoring stations were below the Limit 

Value of 5 µg m-3 for benzene set by the European Ambient Air Quality Directive as well as 

the UK Air Quality Objectives as defined in the Air Quality Strategy 2007. 

The 2011 Implementing Provisions Regulations (EC, 2011) has changed how the UK reports 

statutory air quality data to Europe. For VOCs, IPR requires measurements below the 

instruments limit of detection to be reported as half the limit of detection with a specific data 

flag. Data capture from 2013 onwards is calculated based on the number of valid data points 

in the year, including data below the limit of detection, recorded as half that of the limit. In 

previous years, flags recorded less than LoD were reported as ónot measuredô. 

These changes have increased data capture but introduced a small step change in long term 

trends that is not representative of atmospheric conditions in the UK. The change from 2012 

to 2013 is negligible in terms of absolute concentrations but significant in 2012/2013 ratio for 

components that were previously not measured as a result of measurements being below 

the detection limit. For example, using the new IPR flags, Trimethylbenzene measurements 

at Auchencorth Moss change from no data capture to 90.24% data capture and a 

concentration of 0.12 µg m-3. These measurements will be reported with a ó<ô symbol to 

clarify this for data users. The revised data capture calculation also includes an allowance of 

5% for planned maintenance and calibration. This decreases the data capture target for 

benzene from 90% to 85%. 

The data flags used in the Implementing Provisions Regulations (IPR) are applied using a 

program, written by Ricardo. 

4.2 Instrumental Impacts on Data Capture 

The automatic system comprises several components listed below: 

ω Turbomatrix Thermal Desorber (TD) 

ω Sample vacuum pump 

ω Clarus 500 Gas Chromatograph (GC) 

ω Zero Air generator 

ω Air Compressor 

ω Hydrogen Generator 

ω High Volume Flow Inlet (including a fan) 

ω Site PC including Totalchrom software 

These components are checked by local site operators on a fortnightly basis. The system 
manufacturer (Perkin Elmer) carries out annual preventative maintenance. The data from 
ǘƘŜ ǎȅǎǘŜƳ ƛǎ ŎƘŜŎƪŜŘ aƻƴŘŀȅ ǘƻ CǊƛŘŀȅ ōȅ wƛŎŀǊŘƻΩǎ Řŀƛƭȅ Řŀǘŀ ŎƘŜŎƪƛƴƎ ǘŜŀƳΦ LŦ ǘƘŜǊŜ ƛǎ ŀƴ 
instrument failure Perkin Elmer engineers are called out to the site to repair the problem. 
There are no hot spare Thermal Desorbers or Gas Chromatographs, so some considerable 
downtime is possible if the instrument fault cannot be diagnosed and/or repaired quickly. 

Further data loss is likely due to instrument detector stability following power cuts, 

preventative maintenance visits and instrument faults. It can take several days for the 

instrument to stabilise. This problem is unavoidable with chromatography, we ensure all 

faults are diagnosed within 48 hours (excluding weekends and public holidays), and all faults 

are repaired following diagnosis unless this is not possible, for example where a component 

has failed that needs to be ordered. In addition, specific peaks can be affected by co-elution 
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with a system artefact or other unknown hydrocarbons resulting in reduced data capture for 

individual species. 

4.3 Long term trend of benzene concentration 

Figure 6 shows the trends in benzene concentration averaged across four main site types 
with a smooth trend line fitted. The plot reveals that the highest concentrations were 
generally observed at roadside sites until 2008. Note that there are only two industrial sites, 
these trends are noisier than for other site types. What is clear from the trend analysis is 
that concentrations of benzene decreased sharply from 2002 to 2008, which reflects better 
emissions control on vehicles (exhaust and evaporative emissions). For 2019, roadside 
concentrations are on average much closer to background concentrations than they were in 
the early 2000s. 

 

Figure 6: Average Non-Automatic network benzene means by site type from 2002 to 2019. 

Trend estimates using robust statistical techniques in openair  provide a way of quantifying 

the trends over time as a percentage change in benzene concentration per year. The trends 

have generally shown two characteristics: a decrease from 2002 to 2008 and then a period 

of stabilisation from 2008 to 2019. Figure 7 separately considers the trends for these two 

periods. None of the site types have shown a statistically significant change in benzene 

concentration since 2008, suggesting there is strong evidence that benzene concentrations 

have now stabilised. 



UK Hydrocarbons Network   |  18

 

  
Ricardo Confidential Ref: Ricardo/ED11732/Issue Number 1 

Ricardo Energy & Environment 

 

Figure 7: Non-automatic benzene rate of change for 2002-2007 and 2008-2019. 

To compare trend in benzene concentrations across all measurement sites, Figure 8 shows 

the trend in annual average benzene concentrations at non-automatic monitoring sites from 

2002 to 2019. To help with interpretation the trends are ordered and a dashed line is shown 

for zero change. 

The plot below shows that almost all sites showed a decrease in benzene concentration over 

the period 2002 to 2019. The magnitude of the decrease is larger between 2002 and 2007 

compared to more recent years. Note that the error bars relate to the 95% confidence 

intervals, which reveals that the trends at some sites are relatively uncertain. 
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CƛƎǳǊŜ уΥ .ŜƴȊŜƴŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǘǊŜƴŘ ό˃Ǝ Ƴ-3 / yr) at non-automatic sites from 2002 to 
2019. 

Data obtained from the National Atmospheric Emissions Inventory (NAEI) can be used to 

see if there is a long-term relationship between emissions and measurements (Figure 9). 

Normalisation involved dividing the annual means by the mean value for the whole time 

series. The NAEI urban benzene emissions data agrees with the monitoring data, where a 

sharp decline can be seen from 1995 up to the year 2000 where petrol benzene additives 

were replaced by toluene for the purposes of maintaining the required octane value, the 

emissions data is steadily decreasing since 2000, but the monitoring data has stabilised, 

possibly due to additional urban sources of benzene, such as use of wood burning 

appliances for domestic and commercial space and water heating. NAEI benzene data for 

2019 is not yet available. 
































