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ABSTRACT
This article studies the infl uence of building street geometry, wind direction, daily car traffi c and pedestrian 
trajectories in short-term personal exposure to PM10 on a street canyon in Barreiro City, Portugal. An automatic 
system for the analysis of traffi c profi les, a Gaussian model for the determination of traffi c emissions (ADMS-
Urban) and a computational fl uid dynamics model (ANSYS Fluent) to simulate the dispersion of pollutants 
inside a street canyon were used. Buildings height, width, length and geometry, as well as the distance between 
the buildings and road width were tested. Besides the real actual geometry of the street, with the real disposition 
and volumetric confi guration of buildings, three scenarios were evaluated: (i) gaps of 4 m between the buildings 
along the street; (ii) gaps of 6 m between the buildings along the street and (iii) same height and width for all 
buildings along the street without gap between buildings. Wind direction, wind velocity and four pedestrian 
trajectories were considered. The results show that PM10 concentration, at 1.5-m high plane, is highly depen-
dent on street geometry and wind conditions for along-canyon wind directions (west and east wind). Lower 
concentration levels are obtained for confi guration (iii) because this geometry promotes the dispersion of pol-
lutants under along-canyon wind direction. For cross-canyon wind directions (north and south), confi guration 
(i) results in lower PM10 concentrations. There are no visible improvements in having higher gaps between 
buildings (confi guration ii). Short-term pedestrian personal exposure is dependent on the pedestrian trajectory 
considered inside the canyon. Pedestrian trajectories that correspond to crossing the road in the centre of the 
street result in the highest values.
Keywords: Air quality, PM10, short-term personal exposure, street canyon, urban planning.

1 INTRODUCTION
One of most important items on public health in cities is the Urban Air Quality levels. In this mat-
ter, particle concentration in streets is one major issue. Topography and urban obstructions such 
as buildings have great infl uence on the atmospheric fl ow and consequently on the pollutants 
dispersion. This effect change the pollutant dispersion, particularly vehicle exhaust pollutants, 
which cannot be carried away by the wind, due to buildings that act as barriers, avoiding the wind 
circulation. Dispersion cannot occur since air and consequently air pollutants are trapped within 
the street canyon, raising the concentration of this contaminant. Therefore, for decision makers, it 
is important to know what is the infl uence of building volume and geometry on air quality in a 
street. Computational fl uid dynamics (CFD) models have been highly developed and are now a 
very reliable tool for simulating pollutant concentrations in urban areas. Very satisfactory model-
ling accuracy is now possible, mainly due to the continuous important development of very 
powerful numerical codes, parallel to fantastic increases in hardware performances. Complemen-
tary with this computational tools, measurement campaigns are also very important, because they 
contribute to validate the simulations and help in understanding the accuracy of computational 
results. In the range of air pollutants, particular attention was dedicated to particulate matter (PM) 
considering both PM10 and PM2,5[1,2] and more recently nanoparticle [3]. Most epidemiological 
studies have focused on PM10 and PM2,5, and there is certain evidence that short-term exposure to 
high concentrations of PM10 can aggravate pulmonary diseases and have infl uence on paediatric 
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asthma [4], and long-term exposure to high concentrations on PM10 may increase the risk of car-
diovascular disease and pulmonary disease. This article studies the infl uence of personal exposure 
to PM10 on a particular street in Barreiro city, in Portugal considering particularly different pedes-
trian ways in that street.

2 THE STUDIED STREET
Avenida do Bocage is a street located in Barreiro city in Portugal. Barreiro is a medium size city 
located 40 km south of Lisbon, Portugal (Fig. 1). This is a small city, over 34 km2 and 80,000 inhab-
itants, with industry near the centre and typical city traffi c. Barreiro is almost fl at, with the highest 
point at approximately 10 m above the sea level. The weather is temperate, with no severe seasons. 
Avenida do Bocage is an important strategic key point in the city, because it connects the city centre 
with an important highway from the capital of Portugal, Lisbon. Therefore, the traffi c fl ux is very 
important especially in rough hours, representing the main source of pollution in the street. The 
importance of this street is also connected with the fact that it has inside a primary school and with 
the fact that represent an important pedestrian way to people who go to the river or to the fl uvial 
 station. A part of this street is the domain considered in this study.

3 SHORT CHARACTERIZATION OF POLLUTANT SOURCES
The main industrial activity in Barreiro city is developed in the industrial area, near the city centre. 
A natural gas power plant and some chemical industries are the main industrial sources. The most 
important pollutants released from this source are NOx, SO2 and PM. These pollutant concentrations 
are continuously monitored. Traffi c is the major pollutant source, like in other cities, due to the con-
tinuous population growth in urban areas and lack of effi cient public transports. Light duty vehicles 
(LDV) constitute the most important traffi c fraction, however, and due to the proximity of the indus-
trial area, heavy duty vehicles (HDV) have an important contribution in pollutants concentration. A 
traffi c characterization was carried out in Barreiro city streets, considering the number of vehicles 
per type, used fuel, velocity, street characteristics and the time of the day when the fi eld campaign 
was made. Other sources, such as residual, poorly-defi ned or diffuse emissions in urban areas, like 
minor roads, were also considered, as well as the background pollutant concentrations.

4 METEOROLOGICAL CHARACTERIZATION OF THE CITY
The identifi cation of the main meteorological parameters of Barreiro city was made on the basis of 
meteorological weather station Lavradio, from Instituto de Meteorologia (IM), which is the closest 
to the study area. The prevailing wind direction is NW (frequency 35.1%). The highest wind speeds 

Figure 1: Location of Avenida do Bocage in Barreiro, Portugal.
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registered correspond to the South direction (15.2km/h) seconded by the prevailing direction NW 
(14.1 km/h). The NW wind is particularly frequent in the summer months(June, July and August), 
the maximum occurring in August (58.5%). The minimum frequency of values was recorded in 
December (15.6%). The average wind speed is relatively constant throughout the year. Concerning 
the atmosphere stability, it was not possible to calculate the stability classes to Barreiro due to the 
lack of cloudiness and radiation data required by the model. For this reason, Setúbal city stability 
classes were used, since atmospheric conditions at both cities are similar, as well as their location. 
The frequency of occurrence of each stability class is presented in Table 1 for Setúbal, being neutral 
stability class the most frequent one.

5 THE INTEGRATED SYSTEM
For the development of this study, an integrated system was build considering atmospheric wind profi le 
resulting from weather conditions, street geometry and emissions from urban traffi c in the avenue. Fig-
ure 2 shows the integrated global system structure, considering all sub-models and the traffi c counting 
system. The study domain is initially drawn in the computer program Autocad, where Bocage Avenue is 
represented three-dimensionally, with their buildings. This 3D design is subsequently exported to 

Table 1: Frequency of occurrence of stability classes for Setubal [5].

Stability class Frequency (%)

Very unstable 0.24

Unstable 16.00

Slightly unstable 20.31

Neutral 46.90

Slightly stable 3.25

Stable 6.82

Very stable 6.48

ACAD 
Design of domain 

ANSYS Workbench 
Geometry definition 
Mesh definishion 

FLUENT 12.0 

Boundary conditions 
Definition of properties 
Simulation 

ADMS Urban 

Traffic Emissions 

Traffic Counting 
System 

CFD Post 
Results visualization 
Graphic visualization 

Figure 2: The architecture of the developed integrated system.
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ANSYS Fluent Workbench [6], where the boundaries are defi ned, as well as the mesh. These data are 
exported to Fluent where the mesh is verifi ed, and all properties are set, as well as the physical models. 
Fluent receives data from traffi c emissions calculations made by ADMS Urban sub-model [7]. The traf-
fi c emission calculated by ADMS is based on the results received from the traffi c counting system, 
especially designed for this application. In Fluent, the convergence criteria are defi ned, the solution is 
initialized and the calculations are performed. After having achieved convergence calculations, all 
results are transferred to the CFD Post (post-processor) where the results are displayed.

6 THE TRAFFIC COUNTING SYSTEM
Road traffi c is the major source of pollutants in the street. For the proper characterization of particu-
late emissions in the Bocage Avenue, a traffi c counting system was designed, developed and 
implemented. This system counts vehicles moving along the road; it is also possible to identify the 
type of vehicle (light or heavy duty) and it allows calculating the running speed, in order to make a 
characterization as accurate as possible of PM emission. The system consists of two photocells long 
distance retro-refl ective from Omron, Model E3G-L73 2M, a PLC (programmable controller) also 
from Omron, CP1L, a laptop from HP and software programming. The system architecture is 
depicted in Fig. 3, the working principle is shown in Fig. 4. and in Fig. 5 it is possible to see a picture 
of the road traffi c counting system implemented in the street.

Figure 3: The architecture of the system developed for road traffi c count.

Figure 4: The working principle of the system developed for roadtraffi c count.
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The counting in the road was divided into three periods: 8–10, 12–13 and 17–20 h dated 21/07/1010 
to 23/07/2010. The vehicles counting was made for 1 h in each period. The vehicles were classifi ed 
according to the class (light and heavy duty, heavy passenger and motorcycles). The main character-
istics of the road, as the width, the average height of the buildings and the type of the road (in this 
case urban) were also considered. The values for PM10 emission from car traffi c were then calculated 
by ADMS-Urban model. 

7 THE CFD MODEL
For the study of the dispersion of PM10 on the street, a CFD simulation was carried out. ANSYS 
Fluent 12.0 software was used; this software is a multi-purpose commercial software, widely used 
in this kind of application and constantly validated through comparison of results with other vali-
dated models [8] or through wind tunnel experiences [9]. To fulfi l the aim of this study, a spatial 
discretization of the computational domain was made. A tetrahedral grid was used, refi ned near the 
buildings. The geometry of the street is shown in Fig. 1. As different wind directions were studied, 
different domains were used to assure suffi cient distance between the buildings and the domain 
boundaries in the simulation. A 3D fl ow simulation with a Lagrangian approach was used, assum-
ing steady-state conditions, and for the turbulence, the κ–ε turbulence model was used, more 
precisely the RNG κ–ε turbulence model. This model provides an analytical formula for turbulent 
Prandtl numbers and an analytically derived differential formula for effective viscosity that accounts 
for low-Reynolds-number effects [10]. A wind profi le, turbulent kinetic energy and turbulence dis-
sipation rate were introduced as a user-defi ned function (UDF) considering a log-law vertical wind 
profi le. The two-way street PM10 car emission rate was introduced, using the ADMS-Urban model, 
and considering the traffi c that crosses the street. No chemical reactions were considered for PM10 
emissions. In terms of boundary conditions, a no-slip condition was imposed at all solid surfaces 
(the fl ow in the near-wall region was represented by the law-of-the-wall for mean velocity), whereas 
at the top a symmetry boundary was considered, assuming a zero fl ux for all quantities across the 
horizontal plane. For this study and considering west wind direction, the simulation domain con-
sidered was a 715 × 300 m2 centred in the Av Bocage with approximately 1,60,200 cells.

Figure 5: The road traffi c counting system implemented in the street.
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PM10 emissions were calculated by the model ADMS Urban, considering the traffi c counting 
described in the early section. The emissions were introduced in Fluent as line sources and consider-
ing the mean traffi c number of vehicles in rush hours as the baseline scenario for traffi c emissions. 
The other emissions considered in the domain were introduced as background concentrations and 
summed to Fluent results. The value for background concentrations was collected from the Fidal-
guinhos Air Quality Station from the Portuguese AQ system, as this station is classifi ed as urban 
background station. The model validation was made using real measurements of PM10 concentra-
tions made in the street [11].

8 THE STREET CONFIGURATION SCENARIOS
The domain of this study (a part of Avenida do Bocage) is a confi guration of continuous irregular 
buildings in one side of the street and some non-continuous buildings on the other side of the street. 
In this study, four scenarios of different confi gurations of Avenida do Bocage were considered, con-
cerning building disposition. The fi rst scenario corresponds to the actual street geometry, with the 
real architectural layout, disposition and volumetric confi guration of buildings (Disposition A). 
Three other virtual dispositions for the street buildings were simulated, considering the alteration of 
buildings confi gurations, with the objective of trying to improve the air quality in this street. The fi rst 
new virtual confi guration, designed as Disposition B, considers the introduction of 4-m gaps between 
buildings along the street. The scenario designed as Disposition C was also tried, considering gaps 
of 6 m between buildings along the street. Finally, the scenario designed as Disposition D considers 
the same volume as actual real disposition for the buildings along the street, but with the same height 
and width for all buildings without gaps between them. The four building disposition scenarios are 
shown in Fig. 6.

9 RESULTS
The results for PM10 concentrations in the street were obtained with ANSYS Fluent 12.0. Figure 7 
shows the concentration results obtained for PM10 simulations for horizontal concentrations fi elds to 
Disposition A, considering the four wind directions. Contours of PM10 concentrations at 1.5-m high 

Figure 6: The four street disposition scenarios considered.
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(considered the medium typical human nose level and used in frequent exposure studies) consider-
ing only traffi c emissions (no background concentrations) are shown.

In Table 2, the values of PM10 simulated concentrations at 1.5-m high considering all the emissions 
(traffi c + background) for Disposition A confi guration are shown. These concentrations are shown 
for seven strategic points located in the street. Additionally, the mean concentration value for a plane 
located 1.5-m high and also the mean concentration at 1.5-m high weighted by the wind frequency 

Figure 7:  Contour plots of PM10 concentrations at 1.5-m level for the actual street confi guration 
(Disposition A) for the main four wind directions.

Table 2: PM10 concentrations at 1.5-m high for disposition A (actual real confi guration).

Designation Location

PM10 conc. (µg/m3)

CW (µg/m3)West wind North wind South wind East wind

Point 1 School 21.6 21.2 20.7 22.3 21.3

Point 2 Bingo 23.0 28.6 27.1 27.0 25.4

Point 3 Car park
(border)

20.1 20.0 20.1 20.0 20.1

Point 4 Car park 
(middle)

20.4 20.0 20.1 20.0 20.2

Point 5 High building corner 20.5 20.6 22.7 20.0 20.9

Point 6 Residential building 
(east)

22.2 21.5 21.9 21.0 21.7

Point 7 Residential building 
(west)

25.0 20.9 22.5 20.7 22.8

Mean value 1.5-m plane 
(all domains)

20.8 20.5 21.0 21.1 –
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Figure 8:  Contour plots of PM10 concentrations at 1.5-m level for Disposition B (4-m gap) for the 
main four wind directions.

Figure 9:  Contour plots of PM10 concentrations at 1.5-m level for Disposition C (6-m gap) for the 
main four wind directions.

are shown, this value is designed by CW (weighted concentration). The CW is estimated using 
eqn (1), which is the mean concentration weighted by the wind direction frequency (fi ), i.e. the aver-
age number of times in each year each direction was observed. This allows evaluating particles 
concentration for 1 year considering all actual different wind directions.

 CW = C PM10 × fi  (1)

where C PM10 is the concentration of PM10 (µg/m3) and fi  is the wind direction frequency.
The simulation results show that the highest value of PM10 concentration is achieved in point 2 

(Bingo building) with a value of 28.6 µg/m3 for North wind conditions. This point is located on 
the north end of the road near the largest building on this side, making diffi cult for the upstream 
wind to carry the pollutant outside the street. This point also corresponds to the highest value 
considering the CW, but if we consider the mean value of concentrations at 1.5-m high plane for 
the entire domain, the highest value is achieved for east wind conditions with a mean value 
of 21.1 µg/m3.

Results obtained for the simulations with the new confi gurations are shown in Figs. 8–10 (traffi c) 
and in Tables 3–5 (background + traffi c). Figure 8 shows the results obtained for the simulations for 
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Figure 10:  Contour plots of PM10 concentrations at 1.5-m level for Disposition D (no gap and same 
volume) for the main four wind directions.

Table 3: PM10 concentrations at 1.5-m high for disposition B (4-m gap).

Designation Location

PM10 Conc. (µg/m3)
CW

(µg/m3)West wind North wind South wind East wind

Point 1 School 22.3 20.8 22.7 22.2 21.8

Point 2 Bingo 25.7 23.2 21.8 27.6 24.1

Point 3 Car park(border) 20.0 20.0 20.0 20.0 20.0

Point 4 Car park (middle) 20.0 20.0 20.7 20.0 20.1

Point 5 High building corner 20.0 20.0 20.4 21.2 20.2

Point 6 Residential building (east) 21.0 20.1 23.9 20.7 21.2

Point 7 Resid. building (west) 23.3 20.0 21.2 20.0 21.6

Mean value 1.5-m plane (all domains) 20.5 20.3 20.6 20.8 –

Table 4: PM10 concentrations at 1.5-m high for disposition C (6-m gap).

Designation Location

PM10 conc. (µg/m3)
CW
(µg/m3)West wind North wind South wind East wind

Point 1 School 20.9 20.8 21.0 21.2 20.8

Point 2 Bingo 25.9 26.8 21.1 26.8 24.9

Point 3 Car park(border) 20.0 20.0 20.3 20.0 20.1

Point 4 Car park (middle) 20.4 20.0 20.5 20.0 20.3

Point 5 High building corner 20.0 20.0 20.1 20.1 20.1

Point 6 Residential building (east) 20.1 20.1 20.2 20.5 21.2

Point 7 Resid. building (west) 22.9 22.9 20.0 20.1 21.2

Mean value 1.5-m plane (all domains) 20.6 20.6 20.6 20.9 –
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PM10 concentrations horizontal fi elds for Disposition B (traffi c only). Figure 9 shows the results 
obtained for the simulations for PM10 concentrations horizontal fi elds for Disposition C (traffi c 
only). Figure 10 shows the results obtained for the simulations for PM10 concentration horizontal 
fi elds for Disposition D (traffi c only). In these fi gures, contours of PM10 concentrations at 1.5-m 
high, considering only traffi c emissions (no background concentrations), are shown for the four 
main wind directions studied. Tables 3–5 show the values of PM10 simulated concentrations at 1.5-m 
high considering all the emissions (traffi c + background) for the four scenarios considered, disposi-
tions A, B, C and D.

By the analysis of Fig. 8 and Table 3, it is visible that the implementation of a 4-m gap between 
buildings decreases the concentrations of PM10 in the street, considering the cross-canyon wind 
directions. This is due to the fact that these gaps between buildings reduce the effects of vortex crea-
tion in the street since there is no barrier to the wind, resulting in a better capacity of pollutants 
dispersion along the street, decreasing the PM10 concentrations.

The results of Fig. 9 (traffi c) and Table 4 (background+traffi c) show that with the implementation 
of a 6-m gap between buildings (disposition C) compared with the scenario of having 4-m gap 
between buildings (disposition B) does not represent a visible decrease in PM10 concentrations along 
the street, concluding that increasing the gap length does not bring signifi cant improvements in the 
street air quality.

The results of Fig. 10 and Table 5 show that the solution of considering buildings with no gap but 
with the same volume represents a good option, promoting good pollutant dispersion, especially for 
along-canyon wind directions.

10 SHORT-TERM PEDESTRIAN PERSONAL EXPOSURE RESULTS
Four pedestrian trajectories were considered for people walking along the street in the direction of 
the fl uvial station, with the objective of studying the infl uence of the four different scenarios (A, B, 
C and D) in short-term personal exposure to PM10. The four pedestrian trajectories are shown in 
Fig. 11 and the characterization is made in Table 6.

Short-term personal exposure E(t) in a period of time t can be expressed as [12]

 0
 d

t

i i
i

E t C t t C t  (2)

Table 5: PM10 concentrations at 1.5-m high for disposition D (no gap, same volume).

Designation Location

PM10 conc. (µg/m3)
CW

(µg/m3)West wind North wind South wind East wind

Point 1 School 20.0 21.3 21.5 22.0 20.8

Point 2 Bingo 24.1 22.8 30.7 23.0 24.7

Point 3 Car park(border) 20.0 20.1 20.0 20.0 20.0

Point 4 Car park (middle) 20.0 20.2 20.6 20.0 20.0

Point 5 High building corner 23.2 20.4 21.1 20.1 21.6

Point 6 Residential building (east) 23.3 20.0 21.9 20.4 21.8

Point 7 Resid. building (west) 22.2 22.2 21.4 20.7 21.3

Mean value 1.5-m plane (all domains) 20.3 20.4 20.8 20.6 –
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where C(t) is the pollutant concentration in a specifi c time t in μg/m3, Ci is the discrete concentration 
in cellule I in μg/m3 and ti is the time of exposure in cellule I in seconds.

To calculate the total exposure related with each of the pedestrian trajectories, the computational 
domain was discretized in a grid with 240 cellules and 279 nodes, each one corresponds to 10 s time 
walk trajectory. The short-term personal exposure (E) was calculated in the nodes corresponding to 
the four pedestrian trajectories considered. This discrete grid is shown in Fig. 12.

The results obtained for this short-time personal exposure to PM10, in μg h/m3, for the four sce-
narios (A, B, C and D) under the four main wind directions and to the four pedestrian trajectories 
considered (1, 2, 3 and 4) are shown in Table 7.

It is possible to verify that in a global way Scenario A is the worst street confi guration concerning 
short-term personal exposure, and Scenario C is the best confi guration concerning short-term per-
sonal exposure, but the results are very similar to the ones obtained with Scenarios B and D. The 
highest values for short-term personal exposure are obtained for pedestrian trajectories 3 and 4 for 
Scenario A, under East wind conditions. It is visible that pedestrian trajectories 3 and 4 are always 

Trajectory 2 Trajectory 1 Trajectory 3 Trajectory 4 

Figure 11: The four pedestrian trajectories considered.

Table 6: Short resume of the four pedestrian trajectories.

Pedestrian 
trajectory

Description of 
trajectory

Total walking 
distance (m)

Walking mean 
velocity (m/s) Total time (s)

1 Only north side 300 1.0 300

2 Only south side 300 1.0 300

3 North to south 310 1.0 310

4 South to north 310 1.0 310



 J. Garcia, et al., Int. J. Sus. Dev. Plann. Vol. 9, No. 4 (2014) 511

worst than trajectories 1 and 2. That is related to the fact that trajectories 3 and 4 correspond to cross-
ing the street in an area where PM10 concentration is higher and also due to fact that pedestrians need 
to spend more time (10 s more) in the street in these trajectories.

11 CONCLUSIONS
With the objective of studying the infl uence of building disposition and pedestrian trajectories in 
short-term human exposure to PM on a particular street in Portugal, an integrated system was devel-
oped. The integrated system considers a fully developed automatic system for the analysis of traffi c 
profi les, a Gaussian model for the determination of traffi c emissions (ADMS-Urban) and a CFD 
model (ANSYS Fluent) to simulate the dispersion of pollutants in the street canyon.

Four different confi gurations for the street, considering various building dimensions and gaps 
between buildings were simulated. Results show that the street confi guration and building geometry 
have important infl uence on the results for PM10 concentration in the street.

Results also show that PM10 concentration is dependent on the predominant wind direction. The 
results for PM10 mean concentration at 1.5-m high for west wind and east wind directions show that 
the lower concentrations levels are obtained with confi guration D (no gaps between buildings but 
same volume) because this geometry promotes the dispersion of pollutants as the wind is oriented 
with buildings, avoiding the formation of horizontal vortices in the building corners that promote the 
trapping of pollutants at pedestrian level. These results are in agreement with Refs [13–15].

For north wind and south wind directions (cross-canyon), confi guration B is the one that results in 
lower concentrations. Gaps between buildings promote wind circulation crossing the street, improv-
ing pollutant removal and concentration for cross-canyon wind direction [16,17]. For these wind 
directions, there are no visible improvements in having bigger gaps (6 m) between buildings instead 
of 4-m gaps.

Figure 12: The discrete grid used in short-time exposure calculations.

Table 7: Short-term personal exposure to PM10 for the four trajectories considered 
(values in μg h/m3).

Pedestrian
trajectory

Scenario A Scenario B Scenario C Scenario D

W
wind

N
wind

S
wind

E
wind

W
wind

N
wind

S
wind

E
wind

W
wind

N
wind

S
wind

E
wind

W
wind

N
wind

S
wind

E
wind

1 1.68 1.68 1.70 1.72 1.68 1.67 1.67 1.68 1.67 1.67 1.67 1.68 1.67 1.67 1.68 1.67

2 1.69 1.68 1.71 1.72 1.68 1.67 1.67 1.69 1.68 1.67 1.67 1.68 1.68 1.68 1.69 1.68

3 1.74 1.73 1.76 1.77 1.72 1.70 1.73 1.74 1.72 1.70 1.72 1.74 1.73 1.73 1.73 1.73

4 1.74 1.73 1.76 1.77 1.71 1.70 1.72 1.74 1.71 1.70 1.74 1.74 1.74 1.74 1.73 1.73
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For the obtained PM10 concentrations, the level of short-term personal exposure is dependent on 
the pedestrian trajectory considered in the street. The best short-term exposure values are obtained 
for Scenario C, but the results are very similar to the ones obtained with Scenarios B and D. The 
worst short-term exposure results are obtained for Scenario A under East wind conditions, for pedes-
trian trajectories 3 and 4.

It is also possible to conclude that pedestrian trajectories 3 and 4 (crossing the street in the centre 
of the street) results in higher values for short-term personal exposure than trajectories 1 and 2. This 
is due to the fact that trajectories 3 and 4 correspond to pedestrian crossing the street in an area where 
PM10 concentration is higher and also due to the fact that pedestrians need to spend more time in the 
street.
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