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Executive Summary 
 

 The primary objectives of this study were twofold, firstly, to determine the spatial distribution 

of air pollutants (particularly nitrogen dioxide, PM10, and ozone) around 7 schools in 

Gloucestershire, and secondly, to compare the relative levels of air pollution during half term 

and during term time. For each school, the pollutant data measured during the morning traffic 

peak at half term and term time were compared, in order to establish the impact of the school 

run on the local pollution levels. Google Maps plots were also produced from the data using 

the OpenAir plugin for the R statistics console, thus allowing visualisation of the spatial 

distribution of air pollution. This open source software developed by scientists at King’s 

College London provides numerous tools for the analysis and plotting of  imported air pollutant 

data, including the Google Maps plot function used extensively in the production of this report.  

  

 The concentrations of PM10 and O3 tended to vary more from day to day rather than place to 

place, mainly due to a particulate pollution episode on the 13 th and 14th of February, and 

variable weather conditions affecting the ozone levels. This particulate pollution episode 

involved air carrying elevated levels of PM10 being carried by the prevailing wind to affect 

large areas of the South West of England on 13/02 and 14/02, and this is reflected by data from 

stationary air quality monitoring stations.  In contrast, NO2 showed a large degree of spatial 

variability quite clearly associated with higher volumes of vehicle traffic . In general, the NO2 

levels directly outside the schools during term time were noticeably higher than during half 

term, with many of the schools showing a clear spike in NO2 concentration at child drop off 

times, but no obvious trend was seen for PM10 or O3, due to the particulate pollution episode 

and variable weather conditions. 
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Glossary of Terms 

 PM10 - An airbourne solid or semi-volatile particle with a mean aerodynamic diameter of less than 10 microns. 

 PM1 - An airbourne solid or semi-volatile particle with a mean aerodynamic diameter of less than 1 micron. 

 TSP - Total suspended particulates, the cumulative mass of all airbourne solid and semi-volatile particles in a given 

volume of air, regardless of size. 

 O3 - Ozone, a reactive and toxic gas consisting of three oxygen atoms. 

 NO2 - Nitrogen dioxide, a reactive and toxic gas consisting of one nitrogen atom and two oxygen atoms. 

 NOx - A blanket term that describes the sum of all oxides of nitrogen (typically nitrogen dioxide, NO2 + nitric oxide, NO) 

 CH4 - Methane, a stable, non-toxic greenhouse gas consisting of one carbon atom and four hydrogen atoms. 

 CO2 - Carbon dioxide, a stable, non-toxic greenhouse gas consisting of one carbon atom and two oxygen atoms. 

 H2O - Water, when referred to in this paper, H2O exclusively means water vapour, as the H2O measurement instrument 

used in this study measures gaseous samples, not liquid or solid water. 

 ppb - Parts per billion, 1 ppb of NO2 means one part of nitrogen dioxide in one billion parts air. 

 µg/m3 - Micrograms per cubic metre, 1 µg/m3 of NO2 means one microgram of nitrogen dioxide in one cubic metre of 

air. 

 OpenAir plugin - An air quality focussed add-on for the R statistics console, which provides numerous tools for analysing 

and graphing air quality data. 

 R statistics console - A freely available data analysis tool commonly used by scientists and statisticians. 

 Particulate pollution episode - A period in time wherein ambient concentrations of particulate pollution are elevated 

across a large area, often due to a specific event such as a volcanic eruption or Saharan dust storm, rather than locally 

produced air pollution. 

 Manifold - A pipe or chamber branching into several openings. 

 Analog output data - Data outputted by a machine in the form of an analog voltage. For instance, the NO2 analyser used 

in this study outputs 0-5 volts DC depending on the measured concentration, the data logger interprets 5V from the 

analyser as 500 ppb NO2, and 0V from the analyser as 0 ppb NO2. 

 Campbell CR6 data logger - a data logger produced by Campbell Scientific Ltd, which is capable of recording digital and 

analog data from multiple connected devices, and saving the data to a single file with a synchronised time stamp. 

 UK MCERTS - A British certification scheme awarded to air quality monitoring devices which meet certain criteria, this 

certification is often required before analysers will be considered for use in established air quality monitoring networks.  

 US-EPA - The United States Environmental Protection Agency. 

 Chemiluminescence - A method that measures the concentration of nitric oxide (NO) in a sample of air by reacting it with 

internally generated ozone (O3). This chemical reaction produces light in proportion to the concentration of NO, which is 

measured by a detector. NOx is measured by first passing the sample through a heated Molybdenum converter, which 

converts all of the NO2 present into NO for subsequent measurement. NO2 is measured indirectly by subtracting the NO 

measurement from the NOx measurement. This is the conventional method for measuring NO2. 

 Optical measurement technique - Any measurement technique which uses light to quantify the substance being measured. 

For instance, in optical absorption based techniques, the amount of light absorbed by the substance is used to calculate its 

concentration. 

 Off-axis ICOS - Off-Axis Integrated-Cavity Absorption Spectroscopy, a patented optical measurement technique in 

which light produced by laser diodes is reflected many times in a highly reflective optical ‘cavity’ (a tube with mirrors at 

either end). Sample gas is constantly pumped through the cavity, and the concentration of the substance of interest is 

calculated based on the proportion of laser light absorbed whilst the laser beam is ‘bouncing’ back and forth between the 

mirrors. 

 Photochemical ozone generation - A chemical reaction which occurs naturally in the atmosphere, producing ozone. 

Precursor chemicals, such as VOCs, react with the oxygen in ambient air in the presence of ultraviolet light from the sun, 

which initiates the reaction. The amount of ozone present at ground level is dependent on the rate of photochemical ozone 

generation reactions, which in turn are dependent on the intensity of the ultraviolet light, and the amount of precursor 

chemicals present in the air. 
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1. Introduction 

The use of a mobile air quality monitoring laboratory, such 

as Enviro Technology Services’ Smogmobile, allows for the 

accurate measurement of a variety of air pollutants while on 

the move, thus allowing both the spatial and temporal 

distributions of pollution to be measured. This study 

primarily examined the concentrations of NO2, PM10, and 

O3, but concentration data for CH4, CO2, and H2O(vapour) 

were also collected and plotted onto satellite maps, to 

provide a better understanding of the conditions. 

 Air pollutants, particularly nitrogen dioxide, particulate 

matter (PM10), and ozone, represent a considerable long 

term threat to human health.  A recent joint publication by 

the Royal College of Physicians in conjunction with the 

Royal College of Paediatrics and Child Health estimated that 

40,000 premature deaths per year are linked to exposure to 

poor quality air in the UK.1 The resulting cost to the UK’s 

businesses, society, and health services, adds up to more 

than £20 billion per year. 

1.1. Nitrogen Dioxide (NO2) 

 A large proportion of these premature deaths can be 

attributed to nitrogen dioxide (NO2), which is produced 

primarily as a result of combustion processes, with vehicle 

exhaust emissions being the main source of NO2 in urban 

settings. The adverse effects of NO2 on human health, both 

short and long term, are well documented, and include 

irritation and damage to the lungs, especially in asthma 

sufferers, and an increased susceptibility to respiratory 

infections.2,3 In addition, epidemiological studies have found 

that children are particularly susceptible to harm from 

ambient NO2 pollution, and can experience respiratory 

symptoms at concentrations well below the 40 µg/m3 annual 

mean limit set by both the UK government and the World 

Health organisation.4,5 The mean concentration limit for 

NO2 as an hourly average is 200 µg/m3 (not be exceeded 

more than 18 times per year) as set by the UK government. 

 Exposure to elevated levels of NO2, such as those one might 

expect to find around a school during pick-up and drop-off 

times, has a cumulative long term effect on respiratory 

health.3 Parents and children who regularly travel through 

these pollution ‘hot spots’ during peak times are therefore at 

greater risk of developing or exacerbating respiratory 

symptoms, compared to those who travel off-peak or via 

alternative routes. This increased susceptibility to harm from 

NO2 exposure is compounded by the ability of vehicles to 

retain, and in some cases concentrate NO2 in the cab, an 

effect which was noted in previous studies using the 

Smogmobile, as well as by other researchers.6,7 

 

1.2. Particulate Matter (PM10) 

 PM10 is a term that describes any particle with a mean 

aerodynamic diameter of 10 microns or less. These particles 

are particularly harmful as their small size allows them to 

penetrate deep into the lungs, and in some cases even diffuse 

into the bloodstream.8 Particulate matter can consist of a 

wide variety of components, including acids, organics, 

metals, and common soil and dust particles, and as such it 

can produce a multitude of harmful effects on the body 

when inhaled. The UK government limits for PM10 pollution 

are 50 µg/m3 as a 24-hour mean (not to be exceeded more 

than 35 times per year), and 40 µg/m3 as an annual average.4 

 Due to the ability of particulate matter to diffuse into the 

bloodstream, exposure to high concentrations is known to 

cause harm to the circulatory systems of exposed 

individuals, as well as the lungs and airways.9 Particulate 

matter causes damage to the airways through inflammation 

and oxidation, and long term exposure can result in 

decreased lung function, increased susceptibility to disease, 

and exacerbation of pre-existing conditions such as asthma.9 

1.3. Ozone (O3) 

 Ozone (O3) is an unstable and reactive gas, which occurs 

naturally in the stratosphere at relatively low concentrations, 

where it absorbs harmful ultraviolet radiation. By 

comparison, tropospheric or ground level ozone is a harmful 

air pollutant, formed by photochemical reactions in the 

presence of precursor pollutants such as oxides of nitrogen 

and volatile organic compounds.10 High levels of 

tropospheric ozone are therefore generally found on clear, 

still days, especially where there are high levels of precursor 

pollutants present. 

 The health effects resulting from ozone exposure can 

include irritation and inflammation of the airways, 

aggravation of conditions such as asthma, shortness of 

breath, and an increased susceptibility to respiratory 

infections.11 These effects arise as a result of ozone’s 

oxidative and corrosive properties, and children are 

particularly at risk, as their lungs are still developing. The 

UK limit for ground level ozone is 100 µg/m3 as an 8-hour 

average, not to be exceeded more than 10 times per year.4 

1.4. Greenhouse Gases – Methane (CH4), Carbon 

Dioxide (CO2), Water Vapour (H2O) 

 The greenhouse gases methane, carbon dioxide, and water 

vapour do not present a direct threat to human health, and 

are instead a concern due to their global warming potential 

(GWP). Of these three, methane is by far the most potent 

greenhouse gas, with a GWP 28-36 times that of CO2, 

however the atmospheric background concentration of 

methane is much lower, at approximately 2 parts-per-
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million, compared to 400 ppm for CO2.12 Water vapour’s 

influence on global warming is also not to be overlooked, 

but because the concentration of water vapour in the 

atmosphere is so variable, point-by-point measurements at 

ground level do not offer any meaningful insight into 

climate forcing processes. 

2. Instruments 

2.1. Experimental Setup 

 This study was conducted using Enviro Technology 

Services’ own bespoke air quality monitoring vehicle 

(AQMV), known colloquially as the ‘Smogmobile’. AQMV 

is based on a Nissan e-NV-200 electric van, and therefore 

produces no emissions of its own which could influence 

measurements. AQMV is equipped with a variety of 

instrumentation to measure gas and particulate air pollution, 

all of which is powered by two lithium-ion uninterruptible 

power supplies (UPSs), separate from the vehicle’s 

propulsion batteries. These UPSs provide a maximum 

runtime of 6-7 hours with all of the instrumentation running. 

Fig.1. Enviro Technology Services’ AQMV 

 

 Sample air is fed into the gas analysers via a manifold, 

which is connected to three separate air inlets, one inside the 

vehicle, to the rear of the bulkhead, one outside on the roof, 

and one outside on the right-hand side of the vehicle at kerb 

height. Analog output data from the instruments are collated 

and saved as one-minute averages on a Campbell CR6 data 

logger, which is controlled by a dedicated laptop computer 

mounted in the instrument rack in the rear of the vehicle. 

Custom software developed by Enviro Technology in 

conjunction with Campbell Scientific displays data from all 

of the instruments in real time, and also allows the user to 

switch between the internal and external inlets, either 

manually or at pre-programmed intervals. The inlet was set 

to sample outside air from the inlet on the roof for the 

duration of this study. 

2.2. Nitrogen Dioxide (NO2) 

 A Teledyne-API model T500U is used for measuring 

nitrogen dioxide. Unlike conventional chemiluminescence 

based NOx instruments, the T500U measures NO2 directly 

using an optical technique known as cavity-attenuated 

phase-shift spectroscopy (CAPS). This technique has several 

advantages over chemiluminescence based instruments 

using heated molybdenum converters, such as reduced 

power consumption, faster response, and greatly reduced 

susceptibility to false NO2 measurements caused by other 

nitrogen compounds such as nitrous acid. The T500U is a 

US-EPA certified equivalent method, and has recently been 

granted UK MCERTS certification. The T500U features a 

lower detectable limit of <40 ppt, with a precision of ±0.5% 

(above 5 ppb). 

2.3. Particulate Matter (PM10) 

 A Met-One Instruments ES-642 is used for measurements 

of particulate mass concentrations. This forward laser-scatter 

based instrument can be configured to measure either PM10, 

PM2.5, PM1, or TSP using interchangeable inlet heads, as 

such it is not plumbed into the manifold with the gas 

analysers, and instead has a dedicated, fixed inlet passing 

through the roof of the vehicle. The ES-642 possesses a 

sensitivity of 1 µg/m3, and a stated accuracy of ±5%. For the 

duration of this study, a PM10 sharp-cut cyclone inlet head 

was used. 

 AQMV is also equipped with a battery powered handheld 

particulate monitor, a Met-One Instruments Aerocet 531S, to 

facilitate in-cab measurements of particulates. This laser 

scatter based instrument is capable of measuring both 

particle mass concentrations and particle counts, and records 

data as one-minute averages on its own internal memory. In 

mass mode, the Aerocet 531S is capable of a size sensitivity 

of 0.3 µm, but as this is a small, handheld instrument and 

not a full size analyser, its measurements should be 

considered indicative only. 

2.4. Ozone (O3) 

A Teledyne-API model T400 is used for measuring ozone. 

This UV-absorption based instrument is fully certified with 

UK MCERTS and US-EPA equivalency, and features a 

lower detectable limit of <0.4 ppb, with a precision of 

±0.5% (above 100 ppb). 
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2.5. Greenhouse Gases – Methane (CH4), Carbon 

Dioxide (CO2), Water Vapour (H2O) 

Measurements of methane, carbon dioxide, and water 

vapour are performed using a Los Gatos Research 

ultraportable greenhouse gas analyser (or LGR UGGA). 

Like most LGR instruments, the UGGA utilises the patented 

optical detection technique of off-axis ICOS (integrated 

cavity output spectroscopy). This cavity enhanced technique 

uses high finesse mirrors to create an absorption path length 

of several kilometres, and due to the off-axis configuration, 

it is much less sensitive to shock, vibration, and optical 

contamination than other cavity-based techniques. The LGR 

UGGA features lower detectable limits of 0.1 ppm, 200 

ppm, and 7000 ppm for CH4, CO2, and H2O, respectively, 

with stated precision values of ±2 ppb, ±300 ppb, and ± 200 

ppm at a measurement rate of 1 Hz. The instrument’s 

software uses the measured concentration of H2O to 

calculate concentrations on both a dry and wet mole fraction 

basis. For the purposes of this study, the dry mole fraction 

was used. 

2.6. Meteorological Measurements 

AQMV is also equipped with a meteorological sensor, a 

Climatronics AIO2. When mounted on the roof of the 

vehicle, this ultrasound-based sensor provides data for wind 

speed, wind direction, temperature, relative humidity, and 

barometric pressure. The AIO2 can also be raised on a 6 

metre telescopic mast, thereby clearing most ground-level 

obstructions and providing a more accurate measurement of 

the wind.  

2.7. GPS 

 GPS data are gathered using a Garmin GPS 16x mounted 

on the roof of the vehicle. With the use of the open source 

software package OpenAir (running on the R statistical 

console), concentration data from all of AQMV’s 

instruments is collated, subjected to statistical analyses, and 

plotted as colour-coded dots overlaid onto satellite maps. 

This Google Maps plot function within OpenAir allows the 

spatial distribution of air pollution to be presented in an 

informative manner that is easy to interpret, for both 

scientists and the layperson. 

3. Methodology 

 For each of the schools in this study (with the exception of 

Leckhampton Primary School and St. John’s C of E Primary 

School) air pollutant concentration measurements were 

taken on two days, one during half term, and one during 

term time. 

It should be noted that the DEFRA guidelines on the 

monitoring of NO2, PM10, and O3 are only applicable to 

fixed, roadside monitoring stations. As far as we are aware, 

there are no established guidelines on how air quality 

monitoring should be conducted from a moving vehicle. As 

such, these data should be considered ‘indicative’ only, 

however they are sufficiently accurate and reliable to allow 

trends to be identified. 

3.1. Half-Term Measurements 

 During half term, AQMV arrived at each school at 

approximately 08:30 and collected data for 30 minutes in 

order to establish a baseline, before setting off to drive a 

predetermined route, planned by Gloucestershire County 

Council to encompass busy roads and junctions, as well as 

the main routes by which the children travel to school. These 

routes can be found in the files accompanying this report. 

 Due to time constraints, the half term routes for Lakeside 

Primary School and Dunalley Primary School in 

Cheltenham were combined into one day, with the van 

monitoring first at Lakeside Primary. Data capture outside 

Lakeside Primary commenced at 08:31, and the vehicle 

remained parked there until 09:16. AQMV then arrived at 

Dunalley Primary at 09:49 and stayed there collecting data 

until 10:19, at which point it set off to continue on the route 

as planned. 

3.2. Term-Time Measurements 

 For the term time measurements, different times were 

chosen for monitoring outside each school, in accordance 

with the known peak school traffic times. On each day of 

monitoring, AQMV drove the same predetermined routes 

used during the half term measurements, after monitoring 

outside each school during the allotted time slot. The 

meteorological mast was deployed while parked outside the 

schools during term time in order to gather wind data, such 

that assumptions could be made on the directionality of 

pollution sources (with the exception of Dunalley Primary, 

where the mast could not be deployed due to overhead 

foliage). Data collection at Dunalley Primary on 20/02/17 

began at 08:01, and the vehicle set off to drive the planned 

route at 09:00. Data collection at Grange Primary on 

24/02/17 began at 07:39, and AQMV departed at 09:08. 

Monitoring at Tewkesbury School commenced at 07:28 on 

02/03/17, and the vehicle departed at 09:02. AQMV began 

collecting data outside Lakeside Primary School on 

07/03/17 at 08:01, and left at 09:13. While driving the 

predetermined route for Lakeside Primary on 07/03/17, the 

vehicle was briefly parked outside St. John’s C of E Primary 

School, first for 20 minutes in the St. James Street car park 

on the West side of the school (09:34-09:54), and then for an 

additional 15 minutes on Witcombe Place, on the East side 

of the School (09:57-10:12). Finally, AQMV began 

monitoring outside Gloucester High School for Girls at 
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07:26 on 09/03/17, and departed at 09:01, marking the end 

of this 10-day monitoring campaign.  

 There was no predetermined route for Leckhampton 

Primary School, so instead the vehicle gathered data for a 

full three hours while parked outside the school between 

07:03 and 10:08. After leaving the school, AQMV was 

driven around a few of the nearby minor roads before 

heading back to Enviro Technology’s headquarters in 

Stroud. An extended monitoring route for Leckhampton 

Primary was not required, as Cheltenham’s roads had 

already been studied extensively on the Dunalley and 

Lakeside routes. 

3.3. Data Acquisition and Analysis 

 At the end of each day of monitoring (half term and term 

time), the vehicle was parked inside Enviro Technology’s 

unit at Kingfisher Business Park, Stroud, and both the UPS 

power packs and the propulsion batteries were put on 

charge. Data from the CR6 data logger were then 

downloaded onto a USB stick, and transferred onto a 

Windows PC for processing and subsequent analysis. 

 The raw .DAT data files were imported into Microsoft 

Excel, and saved as .CSV comma delimited spreadsheets 

(one for each day of monitoring). The first step in data 

processing was verification of the GPS coordinates. Any 

erroneous coordinates (for instance, when the satellite signal 

was poor) were manually corrected to match up with the 

route driven. After the GPS data had been verified, any 

erroneous concentration measurements where the analysers 

were warming up, or had not yet achieved stability, were 

deleted. 

 A copy of each day’s data spreadsheet was then made, on 

these ‘simple’ spreadsheets, any unnecessary data columns 

(speed, altitude, battery voltage etc.) were removed, and the 

column headers were changed to a simpler, all lower case 

format, so as to be compatible with OpenAir. Three columns 

were added to each ‘simple’ spreadsheet, as the raw 

measurements for NO2 and O3 were in units of ppb, and the 

raw measurements for PM10 in mg/m3, therefore conversion 

to units of µg/m3 was required before subsequent analysis. A 

copy of each ‘simple’ spreadsheet was then made, in which 

all of the measurements outside of the area of interest (the 

routes to the location and back) were removed. A third 

spreadsheet was also created for each day of monitoring, 

containing only the data gathered while the vehicle was 

stationary outside the school during the morning traffic 

peak. These ‘central’ and ‘school’ data sets were used to 

compare the pollutant levels for each day of monitoring, as 

the additional data points in the ‘simple’ spreadsheets were 

not of interest for the purposes of this study, and would 

skew the statistical calculations. 

 With the data processing completed, each ‘simple’, 

‘central’, and ‘school’ .CSV file was imported in turn into 

the R statistics console. R was used to produce data 

summaries for each file, and the OpenAir plugin for R was 

used to produce the Google Maps plots. Eight Google Maps 

plots were produced for each ‘simple’ and ‘central’ data file, 

2 for NO2 (in units of ppb and µg/m3), 1 for PM10 (in units 

of µg/m3), 2 for O3 (in units of ppb µg/m3), and 1 each for 

CH4, CO2, and H2O(vapour) (all in units of ppm). In each 

Google Maps plot, the colour key on the right hand side of 

the plot is scaled to the concentration range of the 

measurements, thus making the colour difference between 

similar measurements easier to distinguish. These 

spreadsheets, data summaries, and Google Maps plots form 

the basis of this report. Only the ‘central’ Google Maps plots 

for NO2, PM10, and O3 are presented and discussed in the 

body of this report, but all of the additional plots, data 

summaries, and raw data can be found in the accompanying 

files. 

3.4. Particulate Pollution Episode 

 While conducting the practical component of the study, it 

was noted that the observed PM10 concentrations were 

consistently elevated throughout Monday 13/02 and 

Tuesday 14/02. Similarly high levels were observed at 

stationary monitoring stations across the South West and as 

far away as London on these days, due to a ‘particulate 

pollution episode’, in which pollution from elsewhere (not 

from local sources such as vehicle exhausts) was transported 

and deposited across the large areas of the South of England 

by the prevailing wind. Data from the three nearest 

stationary monitoring stations on the DEFRA AURN 

network (Bristol St Paul’s, Chepstow A48, Oxford St Ebbes) 

shows concentrations similar to those measured by the 

Smogmobile. Therefore, local sources were not the 

determining factor with regards to the measured PM10 levels 

on 13/02 and 14/02, and no meaningful trends or 

conclusions can be drawn from the PM10 data collected on 

these days. 
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4. Results 

4.1. Dunalley Primary School – Cheltenham 

4.1.1. Half Term Data (combined with Lakeside route) 

Fig.2. Satellite map showing parking location outside 

Dunalley Primary School (West Drive, on roadside). 

Fig.3. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.1.1. Nitrogen Dioxide (NO2) 

Fig.4. Google Maps plot of NO2 levels 

 As can be seen from Fig.4, higher concentrations of NO2 

showed a strong positive correlation with busier roads, with 

the A40, A46, A4019, and A4015 all having markedly 

higher levels of NO2 than quieter roads, such as Hatherley 

Road and Prestbury Road. There was little wind on the 13th 

of February, which explains the observed tendency of the 

NO2 to linger near the major roads, rather than disperse. The 

highest NO2 measurement of the day was recorded on the 

A46 near the University of Gloucestershire, The Park, with a 

1-minute average of 105.41 µg/m3. 

4.1.1.2. Particulate Matter (PM10) 

Fig.5. Google Maps plot of PM10 levels 
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 Fig.5 shows elevated levels of PM10 throughout the entire 

Cheltenham area on 13/02/17, in comparison to 

measurements made on other days during this study. These 

comparatively high measurements were due to a particulate 

pollution episode, in which PM from Europe was carried by 

the prevailing wind to blanket much of the South West. This 

is evidenced by data from the nearest 3 DEFRA PM10 

monitoring stations (Bristol St Paul’s, Chepstow A48, 

Oxford St Ebbes), all of which showed PM10 levels between 

26.1 µg/m3 and 67.8 µg/m3 for the day, with most of the 1-

hour averages being above 50 µg/m3. 

 Because of this PM10 pollution episode, it was not possible 

to glean any meaningful spatial distribution trends from the 

PM10 data, as any pollution produced locally would be 

masked. The highest PM10 measurement on the route, at 

93.03 µg/m3, was recorded in the very centre of Cheltenham 

on North Street. 

4.1.1.3. Ozone (O3) 

Fig.6. Google Maps plot of O3 levels 

  As can be seen from the above Google Maps plot, ozone 

levels were relatively high throughout the route in 

comparison to the ozone levels seen on other days during 

this study, due to the still and clear weather conditions being 

favourable for photochemical reactions. Ozone levels in the 

most built-up areas were slightly lower in comparison, 

whereas more rural areas such as Southam Lane showed 

higher levels of ozone. The highest measurement on the 

route was 33.76 µg/m3, recorded at the East end of Southam 

Lane. 
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4.1.2. Term Time Data 

Fig.7. Satellite map showing parking location outside 

Dunalley Primary School (West Drive, on roadside). 

Fig.8. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school. 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.2.1. Nitrogen Dioxide (NO2) 

Fig.9. Google Maps plot of NO2 levels 

 Fig.9 shows that the spatial distribution of NO2 in 

Cheltenham during term time was largely similar to what 

was observed during half term. Interestingly, the A40, 

A4019, and North Street actually displayed lower levels of 

NO2 during term time. On the contrary, the outlying areas of 

Prestbury and Southam displayed higher levels of NO2 than 

during term time. The highest NO2 measurement on the 

route, 72.16 µg/m3, was recorded on the A40 directly 

outside Dean Close Preparatory School. 

4.1.2.2. Particulate Matter (PM10) 

Fig.10. Google Maps plot of PM10 levels 
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 Fig.10 shows that the PM10 levels throughout the route were 

considerably lower than those seen during half term, as the 

air pollution episode had passed. Spatial distribution trends 

are visible in Fig.10, and it is clear that the busier roads such 

as the A4019, A40, and A435 had elevated levels of PM10, 

as well as elevated levels of NO2. The highest 1-minute 

average of PM10 was 50.22 µg/m3, recorded at the garden 

centre on Evesham Road. Workers were repainting the lines 

in the garden centre car park at the time, which explains this 

unexpected peak. 

4.1.2.3. Ozone (O3) 

Fig.11. Google Maps plot of O3 levels 

 Weather conditions on Monday 20/02 were overcast, with 

far less direct sunlight than on Monday 13/02/17. The levels 

of Ozone recorded on 20/02/17 were generally lower than 

those seen during half term. 54.54 µg/m3 was the highest 1-

minute average recorded on the route, this was measured at 

14:04 when the vehicle was parked within the grounds of 

Dunalley Primary for an educational talk. 
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4.2. Lakeside Primary School – Cheltenham 

4.2.1. Half Term Data 

Fig.12. Satellite map showing parking location outside 

Lakeside Primary School (in school car park).  

Fig.13. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school. 

Google Maps plots combined with Dunalley half term 

route - Please see pages 7-8. 
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4.2.2. Term Time Data 

Fig.14. Satellite map showing parking location outside 

Lakeside Primary School (in school car park).   

Fig.15. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school. 

4.2.2.1. Nitrogen Dioxide (NO2) 

Fig.16. Google Maps plot of NO2 levels 

 Fig.16 shows that the spatial distribution of NO2 on this 

route was similar to that seen on the Dunalley route, with the 

A40 and Royal Well Road/North Street displaying elevated 

levels of NO2 in comparison to other areas studied. Again 

the minor roads more distant from the city centre showed 

lower levels of NO2, evidencing a strong correlation 

between vehicle traffic and NO2 pollution. The 

concentrations around the Hatherley area were particularly 

low, as were the roads East of the city centre. The highest 1-

minute average recorded on 07/03/17 in the Cheltenham 

area was measured at the A40/Princess Elizabeth Way 

roundabout, with a value of 163.94 µg/m3, much higher than 

any of the measurements in Cheltenham on 13/02/17 or 

20/02/17. 

4.2.2.2. Particulate Matter (PM10) 

Fig.17. Google Maps plot of PM10 levels 

 The PM10 levels observed in Cheltenham on 07/03/17 were 

comparable to those seen on 20/02/17, both in terms of 

magnitude and spatial distribution. The correlation between 

PM10 and NO2 however was not as clear as on 20/02/17. On 

both days, the Montpellier area showed elevated levels of 

PM10, compared to the comparatively unpolluted city centre. 

The highest 1-minute average recorded on the route was 

measured near the Post Office on the A46/Bath Road, with a 

value of 46.30 µg/m3. 
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4.2.2.3. Ozone (O3) 

Fig.18. Google Maps plot of O3 levels 

 07/03/17 was a particularly clear, sunny day, with relatively 

low wind speeds averaging 9 km/h. The observed ozone 

levels were consistently higher than those seen in 

Cheltenham on 13/02/17 or 20/02/17. The exceptions to this 

trend were the data points recorded on the initial drive to 

Lakeside Primary via the A46 and Up Hatherley Way, as the 

sun did not break through the cloud until approximately 

09:00. This can be seen very clearly in the data, as the 

measured O3 concentration at 08:45 was 23.02 µg/m3, and at 

09:12 the measured concentration had increased to 50.30 

µg/m3, despite the fact that the vehicle had not moved. The 

highest 1-minute average for O3 recorded on 07/03/17 in the 

Cheltenham area was 68.70 µg/m3, measured at the corner 

of Greatfield Lane and Long Mynd Avenue. 
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4.3. St. John’s Primary School – Cheltenham 

4.3.1. Term Time Data 

Fig.19. Satellite map showing parking locations outside St. 

John’s Primary School (St. James Street car park and 

Witcombe Place).   

Fig.20. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school. 

Google Maps plots combined with Lakeside term time 

route - Please see pages 12-13. 
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4.4. Leckhampton Primary School – Cheltenham 

4.4.1. Term Time Data 

Fig.21. Satellite map showing parking location outside 

Leckhampton Primary School (Hall Road, on roadside).   

Fig.22. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school. 

4.4.1.1. Nitrogen Dioxide (NO2) 

Fig.23. Google Maps plot of NO2 levels 

 The plot of NO2 concentration data shown in Fig.23 

demonstrates relatively high levels of NO2 on Leckhampton 

Hill and Church Road in comparison to measurements made 

on other days during this study, with the nearby side streets 

exhibiting much lower concentrations. Both of these roads 

are notoriously busy, especially in the mornings, so these 

results support the anecdotal suggestions of high pollution 

levels alluded to by some of the locals. The fact that the NO2 

mean values recorded between 07:03-08:00 and 08:01-09:00 

outside Leckhampton School were higher than the NO2 

mean values recorded outside all 6 other schools studied 

further supports the suggestion by some of the locals that the 

NO2 levels here are relatively high for a small road in 

suburban Gloucestershire. 

 The highest 1-minute average measured within 

Leckhampton on 06/03/17 was recorded at 07:46 while 

AQMV was parked outside the school on Hall Road, with a 

value of 154.88 µg/m3. This time coincides with the highest 

volume of traffic, much of which was due to parents 

dropping their children off. The value of 154.88 µg/m3 is 

particularly noteworthy, as it was higher than any of the 1-

minute averages in central Cheltenham on 13/02/17 or 

20/02/17, and was very nearly as high as the peak on 

07/03/17, making it one of the highest NO2 measurements of 

this entire study. It should be noted, however, that the hourly 

limit value of 200 µg/m3 was not exceeded. 

4.4.1.2. Particulate Matter (PM10) 

Fig.24. Google Maps plot of PM10 levels 

 

 Fig.24 shows that the PM10 levels in Leckhampton on 

06/03/17 were consistently low throughout the area, in 

comparison to measurements made on other days during this 

study. Somewhat surprisingly, the levels of PM10 on the 

busy Church Road were the lowest measured in 

Leckhampton. The highest 1-minute average was recorded 

at 08:55 while AQMV was parked on Hall Road, with a 

value of 22.62 µg/m3. 
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4.4.1.3. Ozone (O3) 

Fig.25. Google Maps plot of O3 levels 

 It can be clearly seen from Fig.25 that the sunny, still 

weather conditions on 06/03/17 were conducive to the 

photochemical generation of ozone, as the levels were 

consistently high, in comparison to measurements made on 

other days during this study. The exception to this is the 

initial drive along Church Road, as the sun was still low and 

partially masked by cloud at this time. The highest recorded 

1-minute average for ozone was 59.46 µg/m3, recorded at 

the North end of Hall Road after the vehicle had departed 

from the school, at 10:09. 
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4.5. Grange Primary School – Gloucester 

4.5.1. Half Term Data 

Fig.26. Satellite map showing parking location outside 

Grange Primary School (Holmleigh Road, on roadside). 

Fig.27. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school.  

4.5.1.1. Nitrogen Dioxide (NO2) 

Fig.28. Google Maps plot of NO2 levels 

 Fig.28 shows the spatial distribution of NO2 around central 

Gloucester on 14/02/17. There is an obvious correlation 

between traffic density and the level of NO2 pollution, with 

the major routes into the city, such as London Road, the 

A430, and Bristol road displaying higher readings than Cole 

Avenue, Eastern Avenue, and all of the smaller roads within 

the city centre. Of the areas studied, Metz Way and London 

Road showed the highest levels of NO2, with the 240.74 

µg/m3 peak on London Road being the highest 1-minute 

average recorded during this entire 10-day measurement 

campaign. 

4.5.1.2. Particulate Matter (PM10) 

Fig.29. Google Maps plot of PM10 levels 

 It is obvious from Fig.29 that the particulate pollution 

episode noted on the previous day was still in effect. Data 

from the nearest three PM10 monitoring stations on the 

DEFRA network confirms this. As a result, the PM10 levels 

measured by AQMV were consistently high throughout the 

entire area, in comparison to measurements made on other 

days during this study, making it difficult to draw any 

meaningful conclusions on the spatial distribution of PM10. 

Still, the particulate concentrations in the less congested 

areas of Tuffley and Hempsted were lower than those seen 

in busier areas such as Barnwood and Eastern Avenue. The 

highest 1-minute average was recorded on Eastern Avenue, 

near Gloucester Crematorium, with a value of 81.61 µg/m3. 
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4.5.1.3. Ozone (O3) 

Fig.30. Google Maps plot of O3 levels 

 The weather conditions on 14/02/17 were overcast, with 

mostly unbroken cloud cover throughout the day. The effect 

of this reduction in direct sunlight on the photochemical 

generation of ozone can be seen distinctly in Fig.30. The 

levels of ozone in the area were consistently low throughout 

the day, in comparison to measurements made on other days 

during this study, with only a few brief spikes during breaks 

in the cloud cover. The largest of these spikes was observed 

on Finlay Road at 09:07, with a value of 23.34 µg/m3. 
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4.5.2. Term Time Data 

Fig.31. Satellite map showing parking location outside 

Grange Primary School (Holmleigh Road, on roadside).   

Fig.32. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school. 

4.5.2.1. Nitrogen Dioxide (NO2) 

Fig.33. Google Maps plot of NO2 levels 

 

 Fig.33 shows the spatial distribution of NO2 around 

Gloucester on 24/02/17. These results are markedly different 

to those seen during term time, with the A430, Bristol Road, 

London Road, and Metz Way showing lower readings than 

on 14/02/17. However, Barton Street showed higher 

concentrations of NO2 during term time than half term, as 

was the major junction between the A38 and Cole Avenue. 

The highest 1-minute average recorded in Gloucester on 

24/02/17 was 143.30 µg/m3, recorded at the Cole Avenue 

junction as the vehicle was leaving Gloucester at 13:19. 

4.5.2.2. Particulate Matter (PM10) 

Fig.34. Google Maps plot of PM10 levels 

 Fig.34 shows the spatial distribution of PM10 around 

Gloucester on 24/02/17. Although it cannot be clearly seen 

due to multiple data points being placed on top of one 

another, the highest 1-minute average recorded on 24/02/17 

had a value of 78.52 µg/m3. This brief spike was recorded at 

11:06 while the vehicle was stationary within the grounds of 

Grange Primary School for an educational visit. The spike 

quickly dissipated, with the recorded concentration dropping 

to 45.85 µg/m3 at 11:07, and 16.67 µg/m3 at 11:08. There 

was a steady 9 km/h Westerly wind blowing on 24/02/17. 

Other than this brief spike, the PM10 levels throughout 

Gloucester on 24/02/17 were generally low, in comparison 

to measurements made on other days during this study. 
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4.5.2.3. Ozone (O3) 

Fig.35. Google Maps plot of O3 levels 

 The ozone levels measured on 24/02/17 were consistently 

high throughout the Gloucester area, in comparison to 

measurements made on other days during this study. Fig.35 

demonstrates the repeatability of these high ozone levels, 

which can be attributed to the lack of cloud cover and wind. 

The 1-minute average of 88.06 µg/m3, recorded at 11:33 

whilst AQMV was parked within the school grounds was 

the highest ozone measurement observed during this entire 

10-day study, although none of the values were above the 

UK limit 8-hour value of 100 µg/m3. Ozone was a 

particularly prevalent pollutant on this day, with the 

monitoring station at Bristol St. Paul’s also showing 

abnormally high levels of ozone. 
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4.6. High School for Girls – Gloucester 

4.6.1. Half Term Data 

Fig.36. Satellite map showing parking location outside 

Gloucester High School for Girls (Seabroke Road, on 

roadside).   

Fig.37. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school. 

4.6.1.1. Nitrogen Dioxide (NO2) 

Fig.38. Google Maps plot of NO2 levels 

 Fig.38 shows the spatial distribution of NO2 around 

Gloucester on 16/02/17. These results are similar to the data 

gathered in Gloucester on 24/02/17, with Barton Street and 

the GL1 area showing high concentrations relative to other 

areas studied, and Hempsted and other areas further from the 

city centre showing lower concentrations. The levels of NO2 

measured at the busy A38/Cole Avenue junction were much 

lower than on 14/02/17 or 24/02/17, yet the volume of 

traffic was similar. Corinium Avenue and the A417, which 

were not studied on the Grange Primary route, showed very 

high levels of NO2 relative to other roads on the route, 

peaking at 119.44 µg/m3, but the highest 1-minute average 

recorded on 16/02/17 was recorded on the M5 motorway, 

with a value of 174.87 µg/m3. 

4.6.1.2. Particulate Matter (PM10) 

Fig.39. Google Maps plot of PM10 levels 

 Fig.39 shows the spatial distribution of PM10 on 16/02/17, 

and it can immediately be seen that these measurements do 

not correlate well with the NO2 measurements. PM10 was 

particularly concentrated on Estcourt Road, and in Tuffley, 

but these areas were rather devoid of NO2 and vehicle 

traffic, indicating that the particulate levels here were not the 

result of vehicle exhaust emissions. In general, the PM10 

levels measured in Gloucester on 16/02/17 were quite low in 

comparison to measurements made on other days in this 

study, with the largest peak having a value of 22.20 µg/m3, 

recorded at the junction between Metz Way and the A430. 
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4.6.1.3. Ozone (O3) 

Fig.40. Google Maps plot of O3 levels 

 As can be seen from Fig.40, the ozone levels on 16/02/17 

were consistently high throughout the Gloucester area, in 

comparison to measurements made on other days during this 

study. This is somewhat unexpected, as the sky was 

relatively overcast. The locations where ozone was more 

concentrated seemed to correlate more closely with areas 

exposed to direct sunlight, rather than high traffic areas, and 

the highest recorded 1-minute average was observed on 

Painswick Road near Cooper’s Hill, with a value of 58.50 

µg/m3. 
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4.6.2. Term Time Data 

Fig.41. Satellite map showing parking location outside 

Gloucester High School for Girls (Seabroke Road, on 

roadside).   

Fig.42. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.6.2.1. Nitrogen Dioxide (NO2) 

Fig.43. Google Maps plot of NO2 levels 

 Fig.43 shows a considerably different spatial distribution of 

NO2 on this route, compared to that seen during half term. 

The measured concentrations on the A430 and the areas 

North of the city centre were notably higher, while the NO2 

levels seen on the A430 and Corinium Avenue were lower 

than during half term. Barton Street and Eastern Avenue 

however displayed relatively high levels of NO2 on both 

days. The highest 1-minute average recorded on this route 

was measured on the Over Causeway/A430 junction 

Northwest of the city centre, with a value of 91.54 µg/m3. 
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4.6.2.2. Particulate Matter (PM10) 

Fig.44. Google Maps plot of PM10 levels 

 As can be seen from Fig.44, the spatial distribution of PM10 

in Gloucester on 09/03/17 correlated very well with the 

spatial distribution of NO2. In general, the levels of PM10 

were low, in comparison to measurements made on other 

days during this study, with high concentrations only being 

seen in areas with high volumes of vehicle traffic. The 

highest PM10 1-minute average recorded on 09/03/17 was 

25.88 µg/m3, recorded in the at the exact same place and 

time as the highest NO2 peak, at the Over Causeway/A430 

junction. 

4.6.2.3. Ozone (O3) 

Fig.45. Google Maps plot of O3 levels 

 Fig.45 shows the spatial distribution of ozone pollution on 

09/03/17. It is immediately noticeable that the ozone levels 

were higher in Eastern areas than West. The highest 1-

minute average for O3 was recorded on Denmark Road at 

10:40, as the vehicle was passing Gloucester High School 

for Girls on the drive back towards Stroud. This peak had a 

value of 76.64 µg/m3. Again, none of the O3 measurements 

exceeded the UK 8-hour average limit value of 100 µg/m3. 
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4.7. Tewkesbury School – Tewkesbury 

4.7.1. Half Term Data 

Fig.46. Satellite map showing parking location outside 

Tewkesbury School (in school car park).   

Fig.47. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.7.1.1. Nitrogen Dioxide (NO2) 

Fig.48. Google Maps plot of NO2 levels 

 As can be seen from Fig.48, the NO2 concentration data 

gathered in Tewkesbury on 17/02/17 showed a clear 

relationship with traffic density. The measurements on the 

M5 motorway were, predictably, much higher than any of 

the measurements in Tewkesbury or the surrounding areas 

of Shuthonger and Bredon’s Hardwick. However, the 1-

minute average of 127.77 µg/m3 recorded on the junction 

between Ashchurch Road and the A38 was comparably high 

to the measurements made on the M5. The highest 1-minute 

average recorded on the M5 had a value of 148.54 µg/m3. 
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4.7.1.2. Particulate Matter (PM10) 

Fig.49. Google Maps plot of PM10 levels 

 The spatial distribution of PM10 concentration data 

presented in Fig.49 is markedly different to the distribution 

of NO2 seen on 17/02/17, with the observed PM10 levels on 

the M5 being considerably lower than those in and around 

Tewkesbury. The highest 1-minute average for PM10 on 

17/02/17 was measured on Tewkesbury High Street, outside 

the library, with a value of 35.31 µg/m3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.7.1.3. Ozone (O3) 

Fig.50. Google Maps plot of O3 levels 

 Fig.50 shows that the ozone levels in Tewkesbury on 

17/02/17 were concentrated along the A438 and in the 

residential areas in the town centre. The highest 1-minute 

average on 17/02/17 was 35.37 µg/m3, this was observed in 

the residential area of Churchill Grove.  
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4.7.2. Term Time Data 

Fig.51. Satellite map showing parking location outside 

Tewkesbury School (in school car park). 

Fig.52. Time series plot of O3, NO2, and PM10 levels while 

the vehicle was stationary outside the school. 

4.7.2.1. Nitrogen Dioxide (NO2) 

Fig.53. Google Maps plot of NO2 levels 

 It can be clearly seen from the data presented in Fig.53 that 

the levels of NO2 throughout the Tewkesbury area on 

02/03/17 were much lower than those seen during half term. 

Again the levels of NO2 on the M5 itself were notably 

higher than those within Tewkesbury, but even these 

measurements were considerably lower in concentration 

than those seen during half term. The highest 1-minute 

average within Tewkesbury, with a value of 44.50 µg/m3, 

was recorded on the High Street, near Trinity Street. The 

highest 1-minute average recorded on the M5 motorway had 

a value of 74.94 µg/m3. 

4.7.2.2. Particulate Matter (PM10) 

Fig.54. Google Maps plot of PM10 levels 

 Fig.54 shows that the PM10 levels on 02/03/17 were 

consistently low in the entire area studied, in comparison to 

measurements made on other days during this study, never 

exceeding 9 µg/m3. These levels were much lower than 

those seen during half term. It is therefore not possible to 

draw any meaningful conclusions on the spatial distribution 

of particulates from these data, as the concentrations varied 

so little. The highest 1-minute average for PM10 recorded on 

02/03/17 had a value of 8.60 µg/m3, and was measured on 

the M5 as AQMV was driven back towards Stroud. 
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4.7.2.3. Ozone (O3) 

Fig.55. Google Maps plot of O3 levels 

 Fig.55 shows the spatial distribution of O3 in and around 

Tewkesbury on 02/03/17. The magnitude of these 

measurements is quite unexpected, since although the sun 

was shining brightly, the wind speeds were quite high, and 

there was little evidence of precursor pollutants being 

present, so the reason for this widespread generation of 

ground level ozone is unclear. The highest 1-minute average 

recorded on 02/03/17 was 79.33 µg/m3, and was measured 

on Wenlock Road. Again, the UK 8-hour limit value of 100 

µg/m3 was not exceeded in any of the measurements. The 

levels of ozone measured at the nearest DEFRA monitoring 

site (Bristol St. Paul’s) were also quite high on 02/03/17, 

approaching 90 µg/m3 in the morning. 
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Dunalley 

Primary

(Half Term)

Dunalley 

Primary

(Term Time)

Lakeside 

Primary

(Half Term)

Lakeside 

Primary

(Term Time)

St John's 

Primary

(Term Time)

Leckhampton 

Primary

(Term Time)

Leckhampton 

Primary

(Term Time)

Leckhampton 

Primary

(Term Time)

Grange 

Primary

(Half Term)

Grange 

Primary

(Term Time)

Gloucester 

HSFG

(Half Term)

Gloucester 

HSFG

(Term Time)

Tewkesbury 

School

(Half Term)

Tewkesbury 

School

(Term Time)

Date 13/02/2017 20/02/2017 13/02/2017 07/03/2017 07/03/2017 06/03/2017 06/03/2017 06/03/2017 14/02/2017 24/02/2017 16/02/2017 09/03/2017 17/02/2017 02/03/2017

Time range 09:49-10:18 08:01-09:00 08:31-09:16 08:01-09:12 09:34-10:12 07:03-08:00 08:01-09:00 09:01-10:00 08:29-09:02 07:39-09:00 08:19-08:56 07:26-09:01 08:13-08:44 07:28-09:01

Van location

Parked on

West Dr

Parked on

West Dr

In school

car park

In school

car park

St. James St

& Witcombe 

Pl

Parked on

Hall Rd

Parked on

Hall Rd

Parked on

Hall Rd

Parked on

Holmleigh 

Rd

Parked on

Holmleigh 

Rd

Parked on

Seabroke Rd

Parked on

Seabroke Rd

In school

car park

In school

car park

Distance to road 0m 0m 15m 15m 15-20m 0m 0m 0m 0m 0m 0m 0m 30m 30m

NO2 mean   (µg/m3) 21.02 38.37 20.64 62.08 18.98 89.52 80.34 31.66 41.09 56.91 39.53 26.70 37.65 12.41

NO2 max     (µg/m3) 26.60 68.20 25.33 82.55 33.64 154.88 152.65 79.08 61.06 133.33 56.06 80.62 56.02 29.05

NO2 min      (µg/m
3
) 19.23 24.80 16.94 26.90 13.51 67.74 22.71 11.59 29.00 28.04 31.84 15.36 21.09 6.94

PM10 mean (µg/m3) 90.37 10.07 79.02 5.74 6.93 11.84 10.90 12.69 55.66 9.38 18.49 10.31 15.71 5.49

PM10 max   (µg/m3) 91.96 18.19 90.76 7.86 12.12 16.60 22.62 21.76 60.02 18.31 22.20 16.68 18.82 7.46

PM10 min    (µg/m
3
) 88.44 3.05 72.54 4.28 5.19 7.71 8.19 10.75 48.77 5.78 16.51 6.42 13.03 3.77

O3 mean     (µg/m3) 29.40 7.23 22.68 19.75 62.17 6.08 18.90 43.69 14.41 26.94 31.36 46.55 24.47 71.81

O3 max        (µg/m
3
) 31.61 13.99 26.07 50.30 66.81 16.94 44.67 56.05 22.96 44.52 38.66 56.29 35.37 76.26

O3 min         (µg/m
3
) 24.64 3.26 18.35 7.25 57.12 3.67 6.30 28.31 7.05 11.63 25.16 33.18 11.99 64.85

5. Overview 

Table.1. Comparison of School Data 

 Table.1. summarises and compares only the data gathered 

whilst AQMV was stationary outside each school during the 

allotted monitoring period. This table clearly demonstrates 

the effect of the school run on pollution levels directly 

outside each school, as data from elsewhere on the routes are 

not factored into these statistics. 

 The NO2 levels during term time were significantly higher 

than during half term at 3 of the 5 schools for which 

comparative data are available (Dunalley Primary, Lakeside 

Primary, and Grange Primary), in terms of both the mean 

and maximum concentration values. In general, 

Leckhampton primary showed the highest levels of NO2, 

followed by Lakeside Primary and Grange Primary. St. 

John’s Primary and Tewkesbury School showed the lowest 

levels of NO2 overall, when the mean values from both term 

time and half term are considered. Many of the NO2 

measurements, and even some of the mean values, exceeded 

the 40 µg/m3 annual threshold value, but none of the 

measurements taken outside of the schools exceeded the 200 

µg/m3 hourly threshold value. 

 Excluding the measurements made during the particulate 

pollution episode on 13/02/17 and 14/02/17, the highest 

average PM10 level was observed at Gloucester High School 

for Girls during half term. Leckhampton Primary’s term 

time measurements showed the highest 1-minute maximum 

for PM10, and the mean PM10 concentration at Leckhampton 

Primary was the highest of all of the term time 

measurements. None of the PM10 measurements outside of 

the pollution episode came close to the 40 µg/m3 threshold 

value, however. There was no clear tendency for PM10 levels 

to be higher during term time than half term, but because the 

Lakeside Primary, Dunalley Primary, and Tewkesbury 

School PM10 data were influenced by an air pollution 

episode and very different weather conditions, the only half  

 

Note: results in red skewed by particulate pollution episode. 

term and term time PM10 measurements which are directly 

comparable were those taken at Gloucester High School for 

Girls, and these actually showed a decrease in PM10 

concentration during term time. 

 As with the PM10 data, variable weather conditions made 

comparing half term and term time ozone measurements 

impractical. Comparing the ozone levels between different 

schools, rather than between half term and term time, did 

reveal some interesting trends. Ozone levels at Leckhampton 

Primary on 06/03/17, and at Tewkesbury School on 

02/03/17, were consistently very high, in comparison to 

measurements made on other days during this study. The 

weather conditions were similar in Cheltenham on 13/02/17 

(Dunalley and Lakeside combined route), Grange Primary 

on 24/02/17, and Gloucester High School for Girls on 

09/03/17, but the measured ozone levels at these locations 

were much less substantial. At no time during this study did 

the measured ozone concentration exceed the 8-hour 

threshold of 100 µg/m3. 

  

  



Lewis John Enviro Technology Services Ltd 

31 
 

6. Conclusions 

 The overall NO2 levels seen on each of the predetermined 

routes as a whole tended to be lower during term time than 

during half term. In comparison, the NO2 levels directly 

outside of the schools tended to increase quite dramatically 

during term time as a result of the school run. The high 

volume of school traffic including buses, cars, and 4x4s, all 

driving and idling their engines directly outside of the 

schools is doubtless the main contributing factor to this. The 

fact that the brief peaks in NO2 concentration (the NO2 max 

values) were much larger during term time than half term 

supports this conclusion, as does the fact that the NO2 levels 

shown in many of the term-time time series graphs began to 

drop rapidly after a brief initial spike at the child drop-off 

times. 

 Leckhampton Primary showed surprisingly high levels of 

NO2, considering the fact that this school is well outside of 

central Cheltenham, and situated quite far from any main 

roads. The time series plot for Leckhampton Primary school 

also shows considerably higher levels of NO2 between 07:00 

and 08:30, compared to after 08:30. This observation 

supports the conclusion that this pollution spike is related to 

increased vehicle traffic at these times. By contrast, 

unexpectedly low levels of NO2 pollution were observed at 

St. John’s Primary, despite the fact that this school is very 

near to the centre of Cheltenham, and several major roads 

and junctions. Lakeside Primary and Grange Primary also 

showed high levels of NO2 pollution during term time, while 

the observed levels of NO2 at Dunalley Primary, 

Tewkesbury School, and Gloucester High School for Girls 

were generally lower. 

 The PM10 measurements over the course of this study 

varied considerably due to a variety of factors, including 

changing wind direction and the pollution episode on 

13/02/17 and 14/02/17. There was no obvious tendency for 

PM10 levels to increase during term time, nor was there an 

obvious overall correlation between NO2 and PM10 

pollution. Therefore, it can be assumed that the volume of 

vehicle traffic is not the main determining factor in the level 

of ambient particulate pollution in most of the areas studied 

here. 

 Some clear trends were seen in the ozone data, and although 

the variable weather conditions had a significant effect on 

the level of ozone, location also seemed to have a major 

influence. Tewkesbury School and Leckhampton Primary 

showed consistently high levels of O3 on clear days, far 

more than any of the other schools. These elevated levels 

likely occurred due to a combination of favourable weather 

conditions, shelter from the wind, and a high concentration 

of precursor pollutants such as NOx and VOCs, and would 

undoubtedly have an effect on the lung function of children 

at the affected schools if they were to be sustained for an 

hour or more, especially in children who regularly exercise 

outside.11, 13, 14 

 NO2 levels frequently exceeded 40 µg/m3 during this study, 

with many of the high concentrations being measured 

directly outside the schools. There were also much higher 

levels of NO2 measured at certain other locations on the 

routes driven, exceeding 200 µg/m3 on one of the 

monitoring days, making NO2 the primary pollutant of 

concern based on the findings of this study. Other than 

during the PM10 pollution episode on 13/02/17 and 

14/02/17, the PM10 levels measured in this study did not 

come close to exceeding 40 µg/m3, making PM10 the 

pollutant of least concern. Ozone levels did approach the 

threshold value of 100 µg/m3 on a few of the clearer 

monitoring days, and consistent concentrations in excess of 

50 µg/m3 were not uncommon, but at no time was the hourly 

threshold value exceeded. In light of these results, it is 

recommended that future pollution management plans focus 

on NO2, rather than PM10 or O3. It should be noted that none 

of the measurements made during this study are directly 

comparable to the DEFRA limit values, but they do give an 

insight into the differences in the relative levels of NO2, 

PM10, and O3 from place to place, and from day to day. 
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