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Abstract 

Intra-urban variation of ambient air particulate matter (PM) concentrations was evaluated in 

Barcelona, Spain and Portland, Oregon, USA. Measurements were carried out using Dylos 

1700-based mobile instruments, providing real-time particle number concentrations between 0.5 

and 2.5 µm. The Dylos sensor was calibrated in real-world conditions at a urban monitoring site 

in Barcelona, using an optical particle counter, previously corrected with gravimetrically-

determined PM2.5 concentrations, as the reference instrumentation. Measurement campaigns 

were carried out in Barcelona’s Eixample area (in spring and summer 2016), Barcelona’s 

Poblenou area (in summer 2016) and in Portland’s Pearl NW Pearl district (in summer 2014 and 

2016). Each test area included 71 to 200 sidewalk locations, separated by 33m, in approximately 

400 m squared neighborhood areas. Correlations between PM measurements performed with the 

low-cost handheld sensor instrumentation corrected with the reference instrumentation. Then, 

observations during data collection recorded relationships between human phenomena and 

meteorology with urban design characteristics. Lastly spatial patterns visualized the highest 

relative PM concentrations not at streets with the more traffic lanes but some narrower interior 

streets. While an accepted major source of PM is road traffic (vehicle exhaust, brake and tire 

materials), the research seeks to validate a protocol that relates PM concentrations with small-

scale variations in street width, tree canopy enclosure, and orientation to prevailing wind as 

well as observed urban phenomena during data collection. These characteristics are important to 

measure physical and transit differences within and between Barcelona’s newly planned three-

by-three block areas called Superilles and the possible adaptation of mitigation strategies to 

enhance healthy urban living. 
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1. Introduction 

It is well known that the exposure to high concentrations of ambient particulate matter (PM) has 

negative effects on human health (WHO, 2013; Brunekreef and Forsberg, 2005; Pope III and 

Dockery, 2006; among others). Lim et al. (2012) classified air pollution as the 9
th
 most 

significant cause of loss of Disability-Adjusted Life Years in Europe. Due to these adverse 

health effects, both US National Air Quality Standards and the European Air Quality Directive 

regulate PM10 (particles with diameter <10 µm) and PM2.5 (<2.5 µm).  

Most of the health studies are based on ambient measurements taken at a single or a few 

sampling point in a city, but the pollutants concentrations may vary across the city (Hoek et al., 

2002; Minguillón et al., 2012a; Mangia et al., 2013). The PM concentration at a specific 

location depends on a large number of factors, such as the existing local PM emission sources, 

the regional background and the meteorological conditions, among others (Querol et al., 2004, 

2008). Therefore, accounting for the intra-urban spatial PM variability within a city would allow 

an improved exposure assessment, which could have an important impact on the effect estimates 

(Setton et al., 2010; Kloog et al., 2013). This variability may differ between cites due to 

differences in climate and meteorological patterns, urban structure, vehicle fleet composition, 

fuel types and transit type, among others (Moreno et al., 2015).  

The city of Barcelona has a high traffic density compared to other European cities, with a large 

proportion of diesel vehicles, and a specific geography and city design, with abundant semi-tall 

buildings and relatively narrow streets leading to the known street canyon effect (Mirzaei and 

Haghighat, 2012). Very few studies have been carried out studying the intra-urban variation of 

air quality in Barcelona (Minguillón et al., 2012b, 2014; Brines et al., 2016). Significant spatial 

and temporal variation in the PM2.5 and PM10 elemental composition was found within the city 

and spatial patterns differed per PM component, related to the main sources close to the 

measuring points (Minguillón et al., 2014).  

The city of Portland is more dispersed like North American cities and show historic research 

focus on regional maritime sources (Berkowitz et al. 2001), carcinogen sources (Tam and 

Neumann, 2004) and modelling of roadway air pollution contribution (Cohen el at., 2005). 

Subsequent research linked regional sources, sinks and meteorological differences up to 30 km 

away (Rice and Bostrom, 2011), and others concluded that NO, NO2 and PM2.5 variation was 

not a function of local traffic volume but more regional sources and meteorological conditions 

(Kendrick et al., 2015). However, recent innovation in mobile data collection is relating intra-

urban downtown spatial relationships using moss samples to locate Cd (cadmium) air pollution 

and local stained-glass manufacturers in Portland (Donovan et al., 2016).    

In order to identify the intra-urban PM spatial patterns, required to implement abatement 

strategies, the use of low-cost mobile sensors is a good option.The utilization of micro-sensors 

is currently not considered for regulatory purposes due to strict requirements regarding 

exactitude, precision and detection limit of instrumentation. However, they can be used with a 

much higher spatial density than traditional monitoring equipment, providing hence useful data 

in combination with measurements from standard monitoring instruments. Although more 

research is required to integrate these new technologies, mainly on the quality check against 

conventional methods (Aleixandre and Gerboles, 2012; Castell et al., 2013; Mead et al., 2013; 

Borrego et al., 2016), the use of low-cost sensors is progressing in the last years (Kumar et al., 

2015). 



The benefit of using micro-sensors with conventional methods is to evaluate air quality with 

high spatial resolution to yield relevant information on phenomena such as, proximity to traffic, 

intensity of traffic in streets, width of roads, canyon street effects, effects of tree canopy, among 

others Other new methods use dynamic model and population density data derived from mobile 

phone traffic in space and time (Gariazzo et al., 2016).  

The aim of this work is to use low cost PM sensors with a mobile measuring approach to 

evaluate some of the above air quality patterns, as well as to validate this local measurement 

protocol, in two cities with different climate patterns and urban structure, Barcelona in Spain 

and Portland in US.  With this we aim at developing an overall analytical method and in-person 

data collection protocol to measure intra-urban air quality and to identify challenges using the 

micro-sensor at the intra-urban scale of 400 meter squared areas. The importance lies in 

understandings of urban conditions as complex urban ecological systems (Margalef, 1974; 

Rueda, 1995; and Mostafavi and Doherty, 2010) that complement traditional urban fixed 

structure of land use and transportation with more unfixed phenomena ideas of urban 

complexity, urban metabolism and social cohesion (Rueda, 2012). Barcelona in particular plans 

to increase urban liveability (Gehl et al., 2006) at the pedestrian scale and reduce air pollution 

within three-by-three block areas called “Superilles“, or “super blocks,” limiting traffic access 

to interior streets in these areas and located bus and bike lanes to the exterior streets of these 

areas. Thusly it is valuable to study air quality phenomena and differences within intra-urban 

form for qualities such as PM rather than O3 that disperse differently at the larger regional scale 

(Querol 2008). 

 

Figure 1a. Barcelona location map of selected the primary three-by-three block intra-urban 

study area in Eixample Esquerra and three-by-three block comparison area in Poblenou for 

measuring ambient air PM. The proposed pedestrianized “Superilla” area is also outlined in 

white.  Major streets nearby the Eixample Esquerra study area include Gran Via de les Cortes de 

Catalan, Compte de Urgell and Carrer de Aragó.  



 

Figure 1b. Portland location map of selected five-by-five block intra-urban study area in the 

NW Pearl neighbourhood for measuring ambient air PM. Major streets nearby the NW Pearl 

study area include West Burnside St, NW 13
th
 Ave, NW Glisan St and  NW Park Ave. 

 

2. Methodology 

2.1 Calibration of the micro-sensor with reference instrumentation 

The Dylos portable micro-sensor was chosen because of its relative low cost, low portable 

weight of 700g and rechargeable power source. The Dylos 1700 is a laser particle counter that 

measures particle number above 0.5 µm and particle number above 2.5 µm. From these 

measurements, the particle number between 0.5 and 2.5 µm (N0.5-2.5) can be derived and 

compared to the reference measurement for PM2.5. The Dylos 1700 is a battery operated hand-

held air quality sensor originally intended for indoor air monitoring which simultaneously 

displays and logs the two particle number parameters mentioned above.  

The sensor was validated at real-world conditions at a reference urban air quality monitoring 

site in Barcelona (Palau Reial Station), using an optical particle counter (OPC, GRIMM Aerosol 

Technik GmbH & Co) as the reference instrumentation, previously corrected with 

gravimetrically-determined PM1, PM2.5 and PM10 concentrations using 24 h data obtained one of 

each 3 days by means of high volume captors equipped with PM1, PM2.5 and PM10 inlets 

(DIGITEL), respectively. The Dylos was placed alongside the GRIMM OPC in an exterior 

location with a small cover to protect for precipitation, from 17/02/2015 to 10/03/2015. The data 

from the OPC and Dylos instruments were inter-compared and the data from Dylos corrected 

with the regression equations to transform the data from particles/ft
3
 to µg/m

3
.  

2.2. Measurement locations and general characteristics in Barcelona and Portland 

The sample areas size was chosen to highlight differences within the areas streets and 

intersections and to test application to future “Superilla” scaled areas. Three-by-three sample 

areas were chosen in Barcelona that 1) coincide with planned “Superilles” with newly adjusted 

orthogonal bus and bicycle traffic at exterior streets, 2) demonstrated existing differences 



between primary exterior streets and secondary interior streets. Differences included greater 

numbers of vehicular traffic lanes, street width, orientation to prevailing wind and tree canopy.  

The initial Barcelona study area in “Eixample Esquera” was chosen for its high existing 

variation in street conditions and traffic, while the second study area in Poblenou was chosen for 

its alternative city location and differing proximity to the sea (see Figures 1a and 2). General 

characteristics of urban structure in Barcelona include relatively consistent 6 to 7 story buildings 

within normally complete block edges of buildings 5 to 30 meters in width, chamfer block 

corners and open interior block patios. Streets are generally one-way with traffic lights at each 

intersection. Streets include variations of vehicle traffic lanes, parking lanes, one and two-way 

bike lanes, taxi and bus lanes and pedestrian promenades in the case of Gran Via. Typically 

street widths are 22m wide but “Eixample Esquerra” area’s Compte de Urgell St was more than 

32m width and Gran Via Av 48m wide. Street trees are typically London plane platanus and 

locust with tree canopy sometimes enclosing the street space at the narrower 22m interior streets 

but open at the wider streets. Gran Via Av is oriented along prevailing summer winds while 

perpendicular streets are counter to prevailing summer wind direction. 

In Portland (Figures 1b and 3), a five-by-five area of 200 feet square blocks was chosen in the 

Northwest Pearl neighbourhood of Portland, Oregon. It was chosen with similar traffic criteria 

including a major east/west W Burnside Street of high traffic, more normalized interior streets 

and the north south W Park Avenue located alongside a major downtown open space of the 

North Park blocks.  General characteristics of urban structure in Portland include inconsistent 

building heights between empty parking lots and 15 story towers normally laid out in 100 foot 

quarter block parcels, 90 degree block corners and only limited sized and numbered interior 

patios. Typical interior streets are 60ft, or18m, in width including West Burnside. Traffic for 

most streets is one-way or two-way with one drive lane and one parking lane on each side. West 

Burnside has two-way traffic with two lanes of traffic on each side. Intersections are controlled 

by either traffic lights or stop signs. A streetcar passes through the study area. Tree canopy is 

minimal with no conditions of bridged tree canopy across streets except along the West Park 

Avenue of the North Park blocks where a broad tree canopy of oaks covers almost 50m to the 

west. Tree species include big leaf maples and black locust with American elms at the street 

edge. Block orientation in the summer is approximately 45 degrees to the prevailing winds. 

Within Barcelona and Portland sample areas test data was taken at equal distances around 

blocks. In Barcelona data collection occurred at 33m or 50m intervals including chamfer 

locations, resulting in 108 or 70 point locations, respectively. In Portland data collection 

occurred at quarter block locations 100 feet apart, resulting in 200 data points. In all three 

sample areas data was acquired in a frequency of consecutive days. Data collection typically 

began on week days around 08:30 am LT. Data collection was often completed within three 

hours. Data collection avoided rainy or very windy days. Weekends and holidays were avoided. 



Figure 2. Barcelona primary test area located in the “Eixample Esquera” neighborhood, 108 

points. Vehicle lanes are shown in red. Bicycle lanes are shown in dashed lines. Parks are 

shown as green spaces. Perimeter streets clockwise are: Gran Via Av, Compte d’Urgell Str, 

Aragó Str and the diagonal Avinguda de Roma, and Muntaner Str. 

 

Figure 3. Portland test area located in the northwest Pearl neighborhood, 200 points. Vehicle 

lanes are shown in red. Bicycle lanes are shown in Green dashed and dash-dot lines. Blue dash-

dot lines represent the route of street cars. Parks are shown as green spaces.  



2.3. Instrumentation platform and data acquisition protocol 

The objective of the low-cost mobile instrumentation platform was to be consistent and 

efficient. Data collection protocol was to be systematic. Data collection was done by a single 

researcher primarily walking with the handheld Dylos 1700 and a mobile smartphone to input 

data from the Dylos LCD display to a Google Sheets file. Prior to each site visit, locations were 

recorded remotely off-site using a Google Map. Data collection was located at equal distances 

clockwise around each block, measured in the middle of sidewalks and in front of nearby 

building street addresses (Figures 2 and 3). Google map locations were exported and converted 

to a Google Sheet. The use of Google Sheets for data entry allowed the researcher to record 

non-prescriptive observations such as heavy traffic, breezy winds, smokers and other possible 

sources of PM such as pizzerias, automotive garages and construction sites. 

The researcher walked to each location, held the Dylos 1700 sensor stable in a consistent 

orientation or placing it on a horizontal surface waiting 20-30 seconds to observe a consistent 

reading and then recorded both the large and small particulate matter data displayed on the 

Dylos 1700 LCD screen. The Dylos calculates and displays data each second. The researcher 

observed the LCD screen to confirm that calculations were normalized with an approximate 

20% range of values. In some cases a passing truck or other vehicle was observed with a 

correspondingly abnormal increase to the data reading, in which cases the researcher would wait 

an additional 20-30 s for the data to normalize and then record the data. This attempt to remove 

irregular phenomena data, or noise, occurred approximately once per twelve locations around a 

block area.  

Data collection was done using one Dylos 1700 with firmware v2.08s. On 29/07/2016 a second 

Dylos with firmware v2.07 was also used to measure data at the same time but in second 

location in the Barcelona. The two Dylos were synchronized immediately before this data 

collection with the two Dylos devices recorded data within 3% of each other. In Barcelona data 

was collected in the Eixample Esquerra area 24/05/2016, 20/07/2016, 21/07/2106, 22/07/2016, 

29/07/2016 and 05/09/2016 and in the Poblenou area 28/07/2016 in the morning, 28/07/2016 in 

the afternoon, 29/07/2016 and 31/07/2016. In Portland data was collected in the NW Pearl area 

12/09/2014 and 28/09/2016.  

A more automated mobile data collection method was developed and used for one data 

collection on May 24, 2016 for the Barcelona “Eixample Esquerra” study area. The automated 

mobile station (see Figure 4) used an Arduino and Raspberry Pi based platform mounted to a 

bicycle to enhance efficiency and physical stability of the Dylos during longer data collection 

periods. The mobile station included the two Dylos sensors mentioned above, one mounted to 

the bicycle 1m above the ground (see PM 01 in Figure 4) and the other mounted 3m above the 

ground using a pole (see PM 02 in Figure 4), a tablet based GIS map path, GPS, Micro and UI 

Control and a System UI2 Control as a mobile smart phone. 3D data simultaneously using the 

two Dylos devices was recorded but the results were not used for the research published here. 

The data collection used and visualized here used only the Dylos at the 1m location. Automated 

data collection was recorded via the Dylos’s 9-pin serial output port. This Dylos device used the 

custom firmware v2.08s that output data every second unlike stock Dylos 1700 firmware that 

outputs data via the 9-pin serial port each 60 seconds. The researcher used the tablet based GIS 

map path to move to each location where the recording was activated using the GPS to record 

and timestamp each location. The researcher used a protocol of two minutes for each point: 60 s 

to move from point location to point location and 60 s to ensure data collection for both devices. 



The automated method aimed to collect data for a longer period of time and for a platform for 

more efficient and faster bicycle based future data collection.  

 

Figure 4. Bike mounted Arduino and Raspberry Pi based micro-sensor platform. 

2.4 Visualization 

Analysis and visualization of the data acquisition used Rhino 3D and Grasshopper parametric 

modeling software. This architectural scaled 3D environment was used primarily to understand 

small-scale intra-urban spatial relationships including differences of data at intersections and 

mid-street locations, street widths, vehicle travel lanes, block orientation and tree canopy 

conditions. Traditional geospatial information system, GIS, software is often limited to two-

dimensional information, at larger scale and uses existing databases. The Rhino 3D Grasshopper 

software used: 1) OpenStreetMap.org street, building, bike, streetcar and open space locations 

with 2) CSV data entered manually by the researcher using the Dylos micro-sensor. 

The secondary purpose of using the Rhino 3D Grasshopper software for spatial analysis was the 

ability to develop custom visualization outputs to describe multiple data collections in one aerial 

or axonometric view of each intra-urban “Superilla” area. The visualization allows various data 

to be seen in relationship to each other without flattening or simplifying the data together. The 

3D spatial relationship along the z-axis allows the viewer to understand each dataset entry for a 

location and through spatial and color association. Like the Raspberry Pi based digital data 

acquisition method, this advanced analysis and visualization method develops an enhanced tool 

to integrate complex relationships using various spatial and visual types of information without 

simplifying information in a 2D plane. Such spatial complexity exists at the intra-urban scale 

and not at the regional scale. 

3.  Results and Discussion 

 

Given the objective to validate a protocol to study the relation between PM concentrations and 

small-scaled intra-urban conditions, the results were organized in three ways: 1) assessment of 

the Dylos performance; 2) observations of fixed urban form and temporal phenomena related to 

the methodology; and 3) preliminary geospatial and quantitative patterns discussion of the 

results illustrated by the analysis. The aim of this assessment testing, observation and 

preliminary intra-urban scaled spatial findings is currently intended less to make affirmative 

asserts and more to improve a data collection method to improve future research to understand 

spatial relationships of intra-urban air quality. 

  

3.1 Assessment of the performance and calibration of Dylos PM data 



Figures 5 and 6 shows the data obtained of the collocated measurements of Dylos N0.5-2.5 with 

GRIMM-OPC PM2.5 performed from 17/02/2015 to 10/03/2015 at the urban background Palau 

Reial monitoring site in western Barcelona. The Grimm instrument was set to work with a time 

resolution of 30 minutes. Hence the Dylos data, at originally 1 min time resolution, were 

averaged to match the Grimm time stamp. The time variation of both measurements (Figure xx) 

clearly shows a direct relation between both parameters, although the ratio between them is not 

perfectly constant. This is better observed in the scatter plot (Figure 6), with N0.5-2.5 data from 

the Dylos correlating well with the reference PM2.5 measured by GRIMM (and corrected against 

the gravimetric PM2.5 concentrations) (R
2
 = 0.87, Figure 6). The findings from a US EPA study 

(Williams et al., 2014) evidenced a loss of accuracy in handheld PM devices including the 

Dylos 1700 at relative humidity concentrations above 90%, which could explain some of the 

outliers found in the present inter comparison. 

The results were improved to show greater correlation with benchmarking instrumentation using 

a formula subtracting the Dylos PM 2.5 from the Dylos PM 0.5 values. This data was used for 

subsequent analysis at the intra-urban scale.  The data was converted from Dylos N0.5-2.5 in 

#/ft
3
 into µg/m

3
 of PM2.5 by using the formula of the intercomparison: N0.5-2.5Dylos = 35649 

* PM2.5Grimm – 56062. The calculation to attain PM2.5Dylos was: CalculatedPM2.5Dylos = 

(N0.5-2.5Dylos+56062)/35649. 

 

Figure 5. Inter-comparison of collocated PM2.5 GRIMM-OPC PM1 (in µg/m
3
) and N0.5-2.5 Dylos (in 

#/ft
3
) measurements between 17/02/2015 to 10/03/2015. 

 

Figure 6. Left: Cross correlation and regression equation for data from N0.5-2.5 Dylos PM 0.5 (in #/ft
3
) 

versus PM2.5 GRIMM-OPC (in µg/m
3
). Measurements performed between 17/02/2015 to 10/03/2015 

at Palau Reial air quality monitoring station; a urban background sites from west Barcelona. 



 

3.2 Barcelona, “Eixample Esquerra”, summer (July 2016)  

The built urban form of Barcelona’s “Eixample Esquerra” is exemplary. Its downtown location 

is dense, built to a consistent maximum allowable building height of approximately six stories 

and has few unbuilt parcels. The built urban form very closely follow’s Ildefons Cerda’s 1859 

Plan “Eixample”. Traffic is high. The location in deep in the middle of the city away from the 

sea or mountains. The following key differences at the intra-urban scale of the fixed urban form 

were observed and measured: 

 Street organization is oriented from the southwest to northeast are aligned with 

prevailing winds in summer. Breezy conditions on these streets were more 

frequently observed than in the opposite condition.  

 Street width in the public right-of-way from building face to building face differed 

from 22m to 38m (see figure 7, 20/07/2016). 

 Tree canopy was more open at intersections and wide streets. Tree canopy was 

almost completely closed in the middle of narrow interior streets. 

 

Furthermore, the following emission sources and phenomena were evidenced to result in higher 

or lower data readings compared to closely adjacent locations: 

 Standing traffic, especially at intersections and running vehicles such as loading 

trucks at street chamfers, waiting buses and other waiting vehicles. 

 Passing traffic (mild and heavy) 

 Smokers sitting, loitering or walking by. 

 Sidewalk cleaning activities such as sweeping in front of businesses. 

 Building and apartment construction, dumpsters and scaffolding 

 Parking garages showed consistently high concentrations of PM. 

 Wind breezes were observed as slight, mild, heavy.  Future research may include 

direction of breeze. 

 Humidity over test period - test takes about two and a half hours, precisely when the 

sun rises and enters street canyons. Humidity is changing significantly, see fault 

line of data 05/09/16 along Casanova Str in figure 7, 05/09/2016.   

 Control test at the air conditioned hotel lobby data measured between 655 

(21/07/16) and 879 (05/09/16). PM concentrations were much lower compared to 

others.  

 

 

Analysis of the data from the same test area over five days in the summer of 2016 evidenced the 

following results: 

 The highest PM levels were not located along Gran Via Av with 9 total lanes of 

traffic or Compte Urgell Str with 5 total lanes of traffic. Instead interior streets had 

higher values and in some cases interior intersections had the highest values (Figure 

7). In most cases relatively high values were recorded along Aragó Str and Avenida 

de Roma (were an official air quality monitoring station is located), which also 

observed high concentrations of both passing and standing traffic. 

 As it could be expected, the range of PM differed significantly from test day to test 

day. In addition to possible differences in traffic and other human sources, 

differences in temperate and humidity (Williams et al., 2014) were noted. High PM 

values occurred with higher concentrations of RH. Note again that data collected on 

days with a RH>90% were not included in the analysis.  



 Higher PM concentrations at the upper left of the study area on some days (Figure 

7) may be attributed to possibly higher RH around 08:30 am LT at the start of data 

collection. RH in Barcelona in the summer decreases in the early morning. 
 

 

Figure 7, Barcelona, Eixample Esquerra, September 05, 2016 (summer) 



3.3 Barcelona, “Eixample Esquerra”, spring (May 2016)  

The observation in the spring using the advanced data collection method with the bike mounted 

platform and the same Dylos 1700 presented similar data results to data collection using the 

more analog method. Observations of urban form and phenomena were consistent with other 

data collections in the same area. 

Analysis of the data from the same test area over one day in the spring of 2016 evidenced the 

following results (Figure 8): 

 For July the highest PM levels were not located along Gran Via Av with 9 total 

lanes of traffic or Compte Urgell Str with 5 total lanes of traffic. Instead interior 

streets had higher values and in some cases interior intersections had the highest 

values. 

 Some moderate to high PM concentrations were recorded at the top of the area 

along Aragó Str and Avenida de Roma. This was consistent with the other data 

collections. 

 The highest PM levels were measured at the intersections. This is consistent with 

other data collection. This coincides with observations at the intersections of 

consistently waiting vehicles at one or another street.   

 

 

Figure 8. Results from PM0.5-PM2.5 (in µg/m
3
) from Barcelona “Eixample Esquerra” obtained on 20, 

21, 22, 29/07/2016 and 05/09/2016. 

 

It is worth noting in the visualization that data locations do not match the intended original 

locations. This is because the actual GPS location is record at the site with the Raspberry Pi 

based digital system and the accuracy within 2m of GPS. The data collection still provides an 

accurate way to understand the relative values in the overall three-by-three study area. 

 

3.4 Barcelona, “Poblenou”, summer (July 2016) 

The built urban form of Barcelona’s “Poblenou” neighborhood is post-industrial with a greater 

variety of building height, width and depth than the Eixampe Esquerra that more closely follows 

the building ordinances of the Plan Cerdà with residential at the perimeter and an open patio at 



the block center. Some buildings are up to ten stories while many are one story industrial 

warehouses. Some residential builds do characterize the area. The study area is located within 1 

km of the Mediterranean Sea.  

 

The following key differences at the intra-urban scale of the fixed urban form of the “Poblenou” 

study area were observed and measured: 

 Building fabric porosity, were empty parcels, open space or buildings without a zero 

setback, was greater with numerous vacant parcels and systematic open spaces at block 

perimeters. 

 Building height and width showed greater variety with many buildings one story and some 

buildings as high as twelve stories. 

 Street width was consistent at 22m unlike the Eixample Esquerra study area.  

 Street connection varied with Badajoz Str and Llacuna St. connecting through to the Ronda 

Litoral city beltway and waterfront Litoral Av. 

 

Furthermore, the following emission sources and phenomena were evidenced to result in higher 

or lower data readings compared to closely adjacent locations: 

 Lower PM concentrations than “Eixample Esquerra” on the same time and day (“Poblenou” 

average 1309 versus “Eixample Esquerra” average 1630 for same morning 29/07/2016 at 

09:00 am LT). Sensors were synched at 08:30 am LT that same morning.  

 Lower PM concentrations later in the same day - 896 average morning PM versus 596 

average afternoon PM. This coincides with greater winds in the afternoon including 

prevailing southerly winds around 03:30 pm LT. 

 Smokers seated at terraces in “Poblenou” were exposed to higher relative concentrations of 

PM, similar to values near smokers in “Eixample Esquerra”. 

 Street construction and new building construction showed the highest relative PM 

concentrations in the study area. Construction works along Pere IV Str led to almost no 

through traffic. Construction areas with high PM sometimes also followed observations of 

the smell of gasoline. 

 Garage locations showed higher concentrations than adjacent locations, similar to 

“Eixample Esquerra”. 

 

Analysis of the data from the same test area over one day in summer 2016 evidenced the 

following results:  

 Lower PM concentrations were recorded at the perimeter exterior streets of the 

study despite these people places of greater traffic. This is consistent with other data 

collection in the summer. This was also true on when no construction work was 

active on a Sunday morning (see Figure 9). 

 

 Moderate to high PM levels were recorded during week days of labor times around 

street construction and new building sites. 

 

 One morning 29/07/2016 when Dylos sensors were used at both the “Eixample 

Esquerra” (Figure 8) and “Poblenou” (Figure 9) sites, greater concentrations of PM 

were still located at interior streets rather than the interiors of “Superilles”.  

 

 

 



 

Figure 9. Results from PM0.5-PM2.5 (in µg/m
3
) from Barcelona “Eixample Esquerra” obtained on 

24/05/2016. 

 

 

 

 



3.5  Portland, Northwest Pearl, summer (September 2014) and fall (September 2016) 

The urban form of Portland’s Northwest Pearl study area had shorter blocks and a greater 

variety of building heights than Barcelona’s “Eixample Esquerra”. The neighborhood is post-

industrial currently use for residential, office and retail shops. Residential and office towers are 

tall, as high as twenty-two stories and found in approximately half of the study blocks. 

The following key differences at the intra-urban scale of the fixed urban form of the Portland 

study area were observed and measured: 

 Street grid orientation is cardinal aligned north south. Blocks are smaller at 61 m (200 feet) 

square versus 100m (328 feet) square in Barcelona. Summer prevailing winds are from the 

North North-West alignment with street grid. 

 Street widths in the public right from building face to building face are 60 feet, or 18m 

including the more primary West Burnside Street (see Figure 10). 

 Tree canopy was inconsistent. Some streets had no street trees. In almost no case was a 

continuous tree canopy bridging the street observed. The exception of this pattern was 

Northwest Park Avenue along the North Park Blocks where the tree canopy extended across 

one block of the park until Northwest 8
th
 Avenue, measuring 215 feet, or 65m. 

 Traffic lanes were consistently two lanes per street with the exception of West Burnside 

with four lanes of traffic and no on-street parking. 

 

Furthermore, the following emission sources and phenomena were evidenced to result in higher 

or lower data readings compared to closely adjacent locations: 

 Standing traffic differed related to differences of 10 traffic light and 15 stop signs locations. 

Passing traffic was low and infrequent. 

 Street-level storefront uses such as a pizzeria, Pearl Bakery, restaurants or a working 

exterior barbeque at World Foods coincided with the highest concentrations of PM. 

 Smokers were less frequent. State of Oregon law prohibits smoking within 50 feet (15 m) of 

workplace entrances and in public parks. 

 Building construction sites were observed and correlated with higher PM concentrations. 

Sidewalk construction also consistently correlated with higher concentrations including a 

running diesel engine truck with asphalt in proximity to a PM reading of approximately 

40,000, 40 times higher than a typical reading. This data was not included in the 

visualization because it would distort and challenge the understanding of other data. 

 Wind breezes observed as slight and mild from the NNW. Breezes were especially observed 

in the NW streets of the study area. 

 RH on that day ranged from a maximum of 84% to a minimum of 36%.   

 

Analysis of the data from the same test area over one day in fall 2014 and fall 2016 evidenced 

the following results:  

 Lower relative PM concentrations were recorded at the perimeter streets, including 

West Burnside to the south which was observed high traffic. Burnside Av is the 

main artery that connects east and west Portland and extends to the city of 

Beaverton to the west and to Interstate 84. 

 

 The highest PM concentrations were recorded at locations with phenomena of 

human activities such as a pizzeria, barbeque, a bakery and building construction 

site. A consistent pattern of the lowest PM concentration was observed along the 

North Park Blocks to the east. This area is characterized by a continuous tree 

canopy of Big leaf maples and Black locusts, some as tall as 60 feet, or 18m. 

 

 No consistent pattern of higher PM concentrations existed at intersections. 



 

 

Figure 10. Results from PM0.5-PM2.5 (in µg/m
3
) from Barcelona “Poblenou” obtained on 28 (morning), 

28 (afternoon), 29 (morning) and 31/07/2016 (morning). 

 

 

 

 



 

Figure 11. PM0.5-PM2.5 (in µg/m
3
) from Barcelona Eixample Esquerra study área. 

 

 

Figure 12. PM0.5-PM2.5 (in µg/m
3
) from Portland, Pearl study área.

4. Conclusions 

The measurement of PM at the intra-urban scale may be challenged by the interrelated 

complexity of urban form and urban phenomena. 

A relatively good agreement was found between PM0.5 and PM2.5 measurements performed 

with the Dylos 1700 handheld low-cost sensor with an OPC instrument corrected with the 

reference PM1 and PM2.5 instrumentation, for relative humidity values <90%.  

While spatially-resolved PM concentration data collection using the Dylos over two areas in 

Barcelona consistently showed some patterns of relationships between higher PM 



concentrations at smaller interior streets rather than larger streets of greater lanes and traffic, 

this may not be based on differences of urban form alone.  

The highest relative PM concentrations did not occur at locations with the greatest number of 

traffic lanes such as Gran Via Av in Barcelona or West Burnside in Portland. These major 

streets particularly in Barcelona exhibited greater street widths, greater tree canopy openings 

than smaller interior streets of future ‘Superilles’. Instead a possible pattern of higher PM 

concentrations is seen within the smaller streets and intersections especially in the Barcelona 

‘Eixample Esquerra’ study area. Traffic control such as traffic lights and stop signs may also 

affect standing traffic and passing traffic patterns. The two Barcelona and Portland study areas 

also varied in building patterns of building fabric porosity, building height and building width.  

Urban morphology, emissions and meteorology at the intra-urban scale very consistently 

affected data collection including: new building construction, building renovation construction, 

street construction, people smoking at sidewalks, storefront uses such as pizzerias, other 

restaurants, bakeries and garages. Meteorology coupled to specific emissions, such as wind and 

construction works may explain very high PM concentrations, in specific parts of the town. Any 

future data collection of PM at the intra-urban scale would have to account for such activities. 

This may contribute to protocols for human supervision of data collection or other automated 

means to identify such activities and account for them during data collection or analysis, 

enhancing the efficiency and effectiveness of future data collection.   
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