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Fernando Cuadro Mogollón. This article is distributed under the Creative Commons At-

tribution License, which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

Abstract

Road traffic has been considered as a greatest source of Nitrogen
Oxides (NOx) and therefore one of the biggest sectors that contribute
to air pollution. Consequently, this situation has alarmed several coun-
tries around the world. In the United Kingdom (UK), local govern-
ments are looking for methods to contribute in the reduction of these
emissions. In Coventry, Gosford street has been identified as a road
with considerable traffic flow and therefore a contributing street NOx .
Initially, the Coventry City Council set 97 diffusion tubes around the
city and one of them is located on Gosford Street. The diffusion tube
has indicated that this street is exceeding the annual limit in the UK
of 40 micrograms per cubic meter (µ/m3), which designates Gosford as
a potential area with poor air quality. However, a detailed study that
examines the percentage of NOx emissions from vehicles on this area
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and recommended measures to control these emissions has not yet been
conducted. Thus, this assessment seeks to identify the NOx concentra-
tions level and measure the traffic flow on Gosford Street evaluating the
degree of contribution of this pollutant. The methods used to assess the
emission level were the Design Manual for Roads and Bridge (DMRB)
version 2000 and The DMRB Screening Model v1.03c. The results indi-
cated that Gosford Street is exceeding the NOx emission limit only for
a small percentage.

Keywords: Nitrogen Oxides emission, Road traffic, micrograms per cubic
meter, diffusion tubes

1 Introduction

Air quality is one of the current biggest concerns in most developed cities, but
especially in The UK. This concern mainly arises from the link between pollu-
tion and health issues, thereby negatively affecting quality of life [1]. According
to Public Health England, approximately 29,000 people die prematurely in the
UK each year due to air pollution; in London, for example, 3,389 people died
of air pollution and 41,404 ”life years” were lost in 2010, while in south-east
England, 4,034 people died and 41,728 years were lost [2]. Therefore, differ-
ent regulatory mechanisms around the world have been established to control
polluted air emissions. For example, The Environmental Protection Agency
in Europe has established EU directives on air quality standards such as The
Ambient Air Quality and Cleaner Air for Europe (CAFE) [3], which set down
limit for specific air pollutants [4]. Similarly, in England the Department
for Environment, Food and Rural Affairs (DEFRA) coordinates assessment
and air quality plans for the UK as a whole and the UK Government and the
devolved administrations are required under the Environment Act 1995 to pro-
duce a national air quality strategy [5]. This pollution is mainly attributed to
small particles of soot emitted by diesel engines; however other pollutants have
also been added to this pollution. Oxides of Nitrogen (NOx) and particulates
Matter (PM10) are examples of these pollutants. Health and environmental
campaigns have increased in the UK and pressure government to develop and
execute plans to clean the UK’s dirty air. These pressures have reached several
areas in the UK and local governments are also looking for ways to contribute
to reduce of this pollution [6][7]. Coventry government is aware of these emis-
sions and reached the academic and practitioner community to examine these
emissions and give suggestions to control them. Therefore, a call has made to
measure traffic flow in congested areas of a city.

Road traffic has been considered as a greatest source of NOx [9]. However,
despite the fact that in some streets of Coventry the NOx concentration level
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has exceeded the air quality limit, it is necessary to evaluate this situation. In
Coventry, Gosford Street has been classified as a road with considerable traffic
flow and therefore a contributing street NOx [5]. To start controlling these
emissions, Coventry City Council set 97 diffusion tubes around the city to
assess NOx concentration level and one of them is located on Gosford Street
[8][10]. Results from a survey in 2010 revealed that the air quality differed
throughout the city locating Gosford as one of the potential areas with poor
air quality, exceeding the annual limit in the UK of 40 micrograms per cubic
meter [5]. However, a detailed analysis that examines the percentage of NOx
emissions on this area and suggest mechanisms to control these emissions has
not yet been conducted.

Thus, this research project seeks to examine these emissions more closely,
specifically, the project aims to identify the NOx concentrations level, measure
the traffic flow on the street and assess the degree of contribution of NOx
taking into account external factor, in order to determine whether this area
exceeds the UK threshold of air pollutant concentration given by the [11] (Part
IV National Air Quality Strategy) and whether this concentration in Coventry
is unusual compare with other cities.

2 Experimentation

2.1 Study Area

Gosford Street is located in the East of Coventry, where Coventry City Council
has developed multiples improvement such as changes to the footpaths, road
layout and the traffic control signals. Additionally, works on the new Grove
Street car park entrance and pedestrian access, which are expected to continue
until September of this year. All of these projects in order to provide better
facilities for community and mainly for students, since on this area is situ-
ated Coventry University, therefore there are several venues, including shops,
library, pubs and other installations from Coventry University. Consequently,
Gosford Street is a road frequently transited not only for light vehicles (cars,
taxis, motorcycles, LGV) but also for heavy vehicles, including busses, rigid
and articulated HGV. Currently, this road is included in the Air Quality Man-
agement Areas (AQMAs) in Coventry due to relevant receptors in the zone.
The assessment study area is determined on the Air quality scoping criteria de-
fined in the DMRB paragraph 3.15 [12][13]. This is primarily the considerable
contribution from traffic flow and traffic speed, which might affect properties
nearby the road. Road Assignment

This assessment will only take into account properties at which air pollution
may be influenced in some way. This means all places, which are located within
200 m of the road, since this is the distance that the Design Manual for Roads
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and Bridges sets as an affected area (Figure 1).

Figure 1: Map of properties that may be affected for air pollution.

2.1.1 Road Type

In the assessment it is necessary to specify the road type. The DMRB Screen-
ing Method has defined three broad road categories. • Category A = All
motorways or A-roads • Category B = Urban roads which are neither mo-
torways nor A-roads • Category C = Any other roads For this evaluation
the traffic composition was collected, therefore the Screening Method suggests
that where there is available information on traffic composition, this should
be used in preference to the default values. Thus, in this assessment the road
type definition is not appropriate which is labelled category ‘D’.

2.2 Methodology

2.2.1 Selected Method

Various models are available via Design Manual for Roads and Bridges (DMRB).
Initially the version published in DMRB 2000 was used to assess the lo-
calised air quality near to the road, but later, a software version (Design
Manual for Roads and Bridges Screening Method version 1.03c) gave im-
proved results, since the results with the first version were not accurate or
in real time. The DMRB Screening Model (v1.03c) is available in Excel
spreadsheet form and can be downloaded from the Highways Agency website:
(http://www.standardsforhighways.co.uk/ha/standards/guidance/air-quality.htm).

This Screening Model was adjusted to incorporate the updated information on
emission factors, fleet composition, background concentrations, the relation-
ship between NOx and NO2, and the relationships between the annual mean
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concentrations and the metrics specified in the air quality criteria [12]. There-
fore, this model requires similarly input data on average daily traffic flow,
average vehicle speed the proportion of different vehicle types, the type of
road, and the distance from the centre of the road to the receptor. This is also
required to input the background concentrations for the relevant year. These
maps of background concentrations are available on the Local Air Quality Man-
agement (LAQM) background map pages: (http://laqm.defra.gov.uk/review-
and-assessment/tools/background-maps.html).

2.2.2 Traffic Data

It is important to highlight that the traffic modelling contains numerous out-
dated source datasets and assumptions. This means that the traffic outputs are
subject to considerable uncertainty. However, for this assessment a collection
data was conducted between April and June of 2015 on Gosford Street where
the traffic circulation was recorded for 19 days and at different times per day.
Table 1 shows the recording schedule:

Table 1: Schedule to collect data of traffic composition.

Time of the day
Days Morning,(8-9 am) Afternoon,(2-3 pm) Night,(6-7 pm)

Monday (april 6) x
Wednesday (april 15) x

Friday (april 10) x
Monday (april 20) x

Wednesday (april 8) x
Friday (april 17) x
Monday (may 4) x

Wednesday (may 13) x
Friday (may 15) x

Tuesday (june 16) x
Thursday (may 14) x
Saturday (june 20) x
Tuesday (may 19) x
Thursday (june 4) x
Saturday (june 6) x
Tuesday (may 12) x
Thursday (may 7) x
Saturday (june 20) x
Sunday (21 june) x x x

For each day recorded schooldays and holydays were taken into account,
since the traffic flow changes significantly especially in the bus circulation. Ad-
ditionally, the data collected was compared with a recent survey about traffic
flow on Gosford Street provided by the Coventry City Council and the Plan-
ning and Strategic Transportation office. With respect to busses circulation on
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this Street, this observation was supported with the timetable for every route
that transit on Gosford provided by the busses companies such as Travel de
Courcey, National Express Coventry, Stagecoach and Mike the Courcey Travel.

Traffic features were specified according to the revised DMRB Screening
Method (v1.03c). This includes the average traffic flow and the individual
percentages of cars, light goods vehicles, buses/coaches, rigid lorries and artic-
ulated lorries. Due to it was not simple to observe many of the other variables
such as fuel type or emission standards, this version presents that subdivision
using national data.

2.2.3 Measurements

Recording traffic speed, meteorological conditions and receptors distance are
considered to be important measures to the interpretation of the NOx concen-
trations. These measures are described in more details bellow:

2.2.4 Recording Speed

NOx emissions vary considerably at different speeds [12]. Therefore, the aver-
age speed was recorded as a measure to evaluate NOx emissions in this street.
Recording speed was calculated by dividing the displacement between the time;
two points were settled by reference to calculate an average speed. The dis-
tance between each point was 100m. Random vehicles were chosen every day
to calculate the travel time between those two points. Thus, an average speed
was obtained. The formula 1 used is as follows:

Avaragespeed =
Distancetravelled

timeo f travel
(1)

2.2.5 Environmental conditions

In order to record more accurate measures of NOx, it is necessary to com-
pensate for other environmental conditions [5]. For example, meteorological
conditions and the abnormal situations (e.g. Bank holidays). The student
researcher also registered meteorological conditions such as temperature, wind
directions, speed and gust during the data collection. This data was sourced
from the Met Office through its web site
(http://www.metoffice.gov.uk/public/weather/forecast/gcqfjkq3z).

2.2.6 Measuring Distance

The distance between the point nearest to the receptor and the centre of the
road was also measured. This distance is important because for local assess-
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ments it is necessary to consider the point nearest to the receptor and this
distance should be in meters where the minimum distance allowed is 2 m [12].

2.2.7 Process

The new DMRB Screening Model (v1.03c) adjusted and presented by the
Highways Agency allowed to obtain improved results for the local air qual-
ity assessment. This work of updating was undertaken in 2002 in order to
ensure consistency and compatibility with related requests such as those used
for LAQM. The procedure for this assessment involved the same data collected
in terms of road assignment, road type, traffic composition, local background
concentration and measurements (meteorological conditions, average vehicle
speed and distance from the receptor to the road). However, the method to
analyse the data assembled into the tables in preparation for their input to
the spreadsheet provided by Screening Model (v1.03c) is different. The steps
are described below:

Step 1. The model has multi-sheet spreadsheet. The first sheet is the title page;
the second sheet is used for inputting data for the assessment of local air
quality. The third sheet is the Local output, which presents the results
of the evaluation of the local air quality. These results are in terms of
annual means concentrations of pollutants and according to the metrics
indicated in the air quality criteria. Additionally, a table displays the
contribution of each separate link to the annual mean concentrations
assessed for the receptor point.

Step 2. Once the model is downloaded and the previous step is understood in the
second sheet it is necessary to enter the receptor name and number. In
this study three receptor names and numbers were utilised (1. Gosford
Street 8-9am, 2. Gosford Street 2-3pm and 3. Gosford Street 6-7 pm),
since those were the time which the traffic flow was observed during the
full week.

Step 3. On the same sheet it was required to enter the assessment year (2015).
In addition, the links to be assessed for the receptor were included. In
this case, the number of links were equivalent to the day of the week
(From Monday to Sunday), since for every day the traffic flow and traffic
composition were different.

Step 4. The NOx background concentration relevant to the locality (Gosford
Street, Coventry) was inputted in the table, taking into account the
assessment year (i.e. 2015). Due to this study only required to assess
NOx concentration level, the rest of boxes for other pollutants were filled
with a zero as the background value.
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Step 5. The distance from the road centre to the receptor and the traffic data
for each link were also entered. Furthermore, the average traffic flow for
every day, the average speed in km/h and the road type were included.
The road type used for this assessment was ‘D’ since information on
traffic composition was collected. Thus, the percentage of every type of
vehicles was entered in each cell.

Step 6. Once all the data was the table, click ‘Calculate’ and the results for every
receptor were stored on the Local output sheet.

2.2.8 Background Concentrations

The background concentration was obtained with the latest version of the
tool v4.1 (Background Mapping data for local authorities -2011) published
by Defra, which can be used for years 2008 to 2030. The table 2 shows the
background concentration in 2015 in the grand Total. Thus, the value used as
background concentrations in the screening model was 38 µg/m3 (total annual
mean concentration). This concentration is based on 1km x 1km grid squares
provided for the source (domestic source). Row labels show the values in ‘x’
and column labels show values in ‘y’.

Table 2: Background Concentrations in Coventry [5].

Sum of
Domestic areas Column Labels

Row Labels 284500 283500 282500 281500 280500 279500 278500 277500 276500 275500 274500 Grand Total
438500 0.457643 0.278494 0.171444 0.419234 0.089235 141.605
437500 0.022052 0.408974 0.389398 0.31937 0.48899 0.468832 0.486933 0.192231 277.678
436500 0.080034 0.36137 0.482258 0.4826 0.673187 0.278401 0.321825 0.526417 0.094062 3.300.154
435500 0.462475 0.47563 0.51905 0.516219 0.817866 0.593114 0.45581 0.470015 0.056363 4.366.542
434500 0.947553 0.477793 0.785651 0.527215 0.859215 0.658 0.273954 0.181022 4.710.403
433500 0.449429 0.438079 0.535046 0.587779 1.661.068 1.132.873 0.633315 0.59692 0.318441 635.295
432500 0.454955 0.794605 0.711896 0.683936 0.587702 0.820656 0.331323 0.437338 4.822.411
431500 0.089541 0.033764 0.220307 0.500101 0.625355 0.430164 0.568878 0.4605 0.324779 0.181471 343.486
430500 0.012952 0.052338 0.085765 0 0.242825 0.612031 0.448927 0.268867 0.403595 0.095499 0.076294 2.299.093
429500 0.000983 0.025563 0.226514 0.327712 0.514139 0.524464 0.386012 0.120363 212.575
428500 0.016311 0.000007 0.005687 0.034278 0.069798 0.544112 0.444529 0.220696 0.195759 1.531.177
427500 0.011829 0.028846 0.134028 0.341851 0.280872 0.164771 0.962197

Grand Total 0.118804 250.359 3.305.602 4.670.681 4.795.331 7.701.769 663.878 4.093.241 3.448.439 0.745836 0.076294 38.098.367

3 Results

3.1 Traffic Composition from Monday to Sunday

The percentage of the traffic composition on Gosford Street was divided into
passenger cars, light good vehicles (LGVs), buses/coaches, rigid high good ve-
hicles (HGVs) and articulated HGVs. Figures 2, 3 and 4 show this composition
during the morning, afternoon and evening from Monday to Sunday.

With these results, it was easy to identify that the highest percentage of
vehicles registered during the morning, afternoon and evening was passenger
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Figure 2: Traffic Composition in the morning (0800-0900am) .

Figure 3: Traffic Composition in the afternoon (1400-1500pm) .

cars from Monday to Sunday. Light duty vehicles and buses also contributed
to a considerable percentage during the week. However, HDVs such as rigid
and articulated were not show a great volume on Gosford Street. These vehi-
cles were predominantly observed on Monday during the morning (0800-0900).
The traffic composition allowed performing an estimation of the exactly per-
centage of every type of vehicles and therefore to proceed to analyse the data
to calculate the annual mean NOx concentration on Gosford Street.

3.2 Assessment of Local Air Quality

In the assessment of local air quality, the NOx concentrations were calculated
during every day of the week, which are represented with every link on the



388 July Steffany González López et al.

Figure 4: Traffic Composition in the evening (1800-1900pm) .

sheet. This calculation was accomplished individually for the traffic composi-
tion during the morning, afternoon and during the evening. Figures 5,6,7 show
these calculations in the input sheet of the DMRB Screening Model (v1.03c).

Figure 5: Assessment of local air quality in the morning .

As a result of these calculations, the annual mean concentration for NOx
on Gosford Street exposed by the DMRB Screening Model on the output sheet
were 41.16 µg/m3 during the morning, 41.82 µg/m3 in the afternoon and 40.62
µg/m3 during the evening (Table 3). This means that with respect to the
annual standard limit of 40 µg/m3 defined in Part IV National Air Quality
Strategy, Gosford Street is exceeding the limit only by 1.82 µg/m3 in the
afternoon and 1.16 µg/m3 in the morning.
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Figure 6: Assessment of local air quality in the afternoon .

Figure 7: Assessment of local air quality in the evening .

Table 3: Calculated Annual Mean NOx Concentration (µg/m3) on Gosford
Street.

ALL RECEPTORS POLLUTANT CONCENTRATION AT RECEPTOR

Receptor Numbers Name Year
CO∗ Benzene 1,3-Butadiene NOx NO∗2 PM10

Annual mean Annual mean Annual mean Annual mean Annual mean Annual mean Days
mg/m3 µg/m3 µg/m3 µg/m3 µg/m3 µg/m3 50µg/m3

1 Gosford Street (8-9 a.m.) 2015 0,01 0,01 0,01 41,16 0,87 0,24 0,00
2 Gosford Street (2-3 a.m.) 2015 0,02 0,02 0,02 41,82 1,05 0,32 0,00
3 Gosford Street (6-7 a.m.) 2015 0,01 0,01 0,01 40,62 0,72 0,22 0,00

4 Discussion

Pollution levels and pollutant dispersion can be distorted or influenced by
others aspects. For example, the meteorological conditions such as wind speed,
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temperature and UV index. It is known that low wind speeds and sunshine
for several days can create smog during summer and winter [14][15]. During
the observations on Gosford Street, it was registered several meteorological
conditions (tables 4 to 6).

Table 4: Meteorological conditions during the morning.

Day (08-09am) Temperature (◦C) Wind Speed (mph) Gust (mph) UV index
Monday 6 7 13 1
Tuesday 14 9 16 2

Wednesday 9 7 20 1
Thursday 8 12 22 1

Friday 7 8 15 1
Saturday 13 5 8 1
Sunday 13 6 7 1

Table 5: Meteorological conditions during the afternoon.

Day (1400-1500pm) Temperature (◦C) Wind Speed (mph) Gust (mph) UV index
Monday 14 7 19 3
Tuesday 12 15 - 1

Wednesday 12 7 13 1
Thursday 19 10 15 5

Friday 16 10 18 3
Saturday 16 17 31 5
Sunday 16 6 7 1

Table 6: Meteorological conditions during the evening.

Day (1800-1900pm) Temperature (◦C) Wind Speed (mph) Gust (mph) UV index
Monday 18 14 25 1
Tuesday 15 15 28 1

Wednesday 16 4 7 1
Thursday 18 15 25 1

Friday 15 9 16 1
Saturday 18 2 5 2
Sunday 18 2 7 2

Therefore, the days, which probably presented great pollution levels due to
low wind speed (2mph), were Saturday and Sunday in the evening. Regard-
ing to the sunniest days, it was noticed that Thursday and Saturday in the
afternoon the UV index was really high (5 UV index); therefore, the NOx con-
centration level could be high likewise. However, in these days it was observed
that the wind speed was very elevated and this could probably contribute to
the pollutant dispersion[16][17].
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All of these aspects make difficult the exactly prediction of NOx concen-
tration on Gosford Street and others sites. Additionally, factors such as the
general growth or reduction of traffic flows, changes in vehicle emissions re-
sulting from improved emission control technologies and fuel and modifications
in the road network and traffic, also contribute to the constantly changes in
pollution levels.

5 Conclusion

The assessment of NOx concentrations levels and the main contributors on
Gosford Street determined that such concentrations are not unusual compare
with others cities within the UK. The results indicated that annual mean NOx
concentration calculated for this street exceeded the threshold of air pollutant
concentration (40 µg/m3) only for 1.82 µg/m3 in the afternoon and 1.16 µg/m3

in the morning. This means that Gosford Street is not a critical road in com-
parison with other streets that are located in big cities such as London, which
generate a big impact on air quality. However, it is important to highlight that
for such cities is fairly difficult to reduce their NOx emissions achieving the
annual standard limit of 40 µg/m3 due to population density. In other words,
despite the improvements in vehicles technology and new standards there is
still a big issues regarding to high emissions level of pollutants from traffic. In
addition, it was founded that diesel passenger cars are the most predominant
on Gosford Street, since there are great amount of taxis and private vehicles.
Similarly, light good vehicles such as vans frequently circulate on this street
and therefore they are contributing to a high percentage of NOx emissions.

Several factors were identified as some significant contributors to the forma-
tion and dispersal of these pollutants. For example, vehicle type (i.e. passenger
cars, LGVs, buses and HGVs), fuel type (diesel or petrol), vehicle operation
and technology (Euro Standard). Furthermore, another factors such as speed
and variation of speed are closely related with the NOx emissions from vehi-
cles, since the emissions rates tend to increase at low speeds specifically in
congested traffic, or at extremely high speeds. With respect to the dispersion
of these pollutants, it was found that those days which presented low wind
speeds and sunshine tended to create more smog. In other words, the NOx
concentrations level also depend on the meteorological conditions such as wind
speed, temperature, etc. Thus, it is essential to highlight that although the
NOx concentration level on Gosford Street is not exceeding the limit signifi-
cantly, some measures can be taken in order to manage the traffic congestion
on this street in the future or encouraging people to use sustainable transport
that allows mitigating potential impact on the air quality.
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[16] R. Rodŕıguez Serrezuela & L. A. Carvajal Pinilla, Ecological determinants
of forest to the abundance of Lutzomyia longiflocosa in Tello, Colombia,
International Journal of Ecology, 2015, (2015), 1-7.
https://doi.org/10.1155/2015/580718

[17] L. A. C. Pinilla, R. R. Serrezuela, J. David, S. Dı́az, M. F. Mart́ınez &
L. C. L. Benavides, Natural Reserves of Civil Society as Strategic Ecosys-
tems: Case Study Meremberg, International Journal of Applied Environ-
mental Sciences, 12 (2017), 1203-1213.

Received: February 16, 2018; Received: March 12, 2018


