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Abstract: Fi xed air quality stations have | imitat
exposure to air pollutants. Their spatial coverage is too lintbedapture the spatial
variability in, e.g, an urban or industrial envirorent. Complementary mobile air quality
measurementsan be usegs an additional todo fill this void. In this publication we
present the Aeroflex, a bicycle for mobile air quality monitorifige Aeroflex isequipped
with compact air quality measuremetdvices to monitor ultrafine partickeumbercounts
particulatemassand black carbon concentrations at a high resolufigm to 1 second)
Each measurement is automatically linked to its geographical location aedofim
acquisition using GPS andterne time. Furthermore, the Aeflex is equipped with
automateddata transmission, data ppeocessing and data visualizatiorhe Aeroflex is
designed with adaptability, reliability and user friendliness in miwker the past years,
the Aeroflex has been stessfully used for high resolution air quality mapping, exposure
assessment arbt spotidentification.

Keywords: measurement bikenobile sensingautomatediata infrastructurespatiotemporal
data;air quality; air pollution ; monitoringnapping; eposure PMyg
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1. Introduction

Because epidemiological studies have consistently demonstrated links between exposure to
particulate matter and adverse health effects, ambient air quality limit values have been set and becom
more stringent. To protect humdnealth, air quality monitoring is regulated by European Directives
(2008/50/EC) However, Air Quality monitoring stations are mandatory for a larger agglomeration
whereas spatial variation of air pollutants in a complex urban environment is not cobyeoet:
monitoring station.Mobile measurements are appliéd complementthe stationary air quality
measurements at fixed locations, because fixed stations are not capable to depict the full spatia
distribution of air pollution over the extent of an urlzaaa for exposure monitorirj].

The Flemish Institute for Technological Resear@iTO) has developed an air quality
measurementitycle called Aeroflex. In this papave present the Aeroflexn Section 2 onrelated
work, we cover existing mobile aiuglity measurement platformi Section3, we describéhow we
came to the curremeroflex setup coveringthe measurement devicesgser interfaceand custom
logging software.Section 4 deals witlthe Aeroflex data infrastructure: its data transmissdata
storage, automated data ypecessing and automated data visualization funct®estion 5explairs
some key challenges of working with both spétiahd tempordy highly dynamic data, and hothiey
arehandledby the Aerofex. In Section6 the useof the Aeroflex in a test case in Antwerp to monitor
ultrafine particles and black carbon at high resolution is demonstiat&dction 7we discuss the
fields of application of the AeroflexFinally, we end with some conclusions and future plans for
the Aeroflex.

2. RelatedWork

Mobile sensing of air pollution is increasingbging applied. Westerdahlet al. [2] integrated air
pollution measurement instrumentation with a mobile platform to characterize UFP and other
pollutants (NQ, black carbon in the Los Angeles(CA, USA) area. Kauret al. [1] quantified the
personal exposure of street canyon intersection users to ultrafine particles (UFP), particulate matter
(PMz5) and CO in Central LondofUK) by mobile data collection by volunteers who travelled a
predefined route via five modes of transport at different times of the day, anet Zh{B] developed
and tested a mobile laboratory to facilitate concurrent measurements of near real -tistaclen
concentration and size distribution of UFP and othaffic-related air pollutants for health effect
studies.Mobile measurements are alapplied for high resolution mapping of the spatial variability of
air pollution and for the characterizatiohthe local source contributions to the particulate allugion
in urban environments {48]. Table 1gives an overview of mobile air quality measurement platforms
which hae been used in air quality studies. The used instrumentation, measured parameters and
temporal resolution are specifietihe Aeroflex which is described in detail belowljffers from the
presented mobile air quality platfornecause it intends to be a tool that can be broadly used by
nonrexperts with limited air quality monitoring skillsaccording to their specific requirements
Therefore it combines highadaptability and ease of usageThe Aeroflex ale differs from
measuremergystems designed for communligsed sensing.
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Table 1. Mobile air quality measurement platforms
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) ) Temporal
Study Mobile platform Instrumentation Parameters .
resolution (s)
Westerdahet al. 1998 electric TSI portable CPC, model 3007, 10 UFP count 10
(2005 2007 [2,9] Toyota RAV4 TSI CPC, model 3022A UFP count 10
Suv TSI Electrical Aerosol Detector, model 3070A Particle length 2
Magee Scientific portablaethalometer, model 42  Black carbon 60
TSI scanning mobility particle system model 308 Particle counts 60
classifier:
Nano DMA, 3025 CPCiBL53nm
Long DMA, 3025 CPC 18600nm
EcoChem PAH analyzer, model PAS 2000 Particulate mattel 2
phase PAH
TSI DustTrak PM, 5 10
TeledyneAPl NOx analyzer, model 200e NO, NOx, NG 20
TSI Q-Trak Plus monitor, model 8554 CO, CQ, temp, 10
humidity
Kauret al.(2007) [1] walking High-Flow Personal &npler (HFPS) PM;s variable
TSI P-Trak model 8525 UFP count 1
Langan (T15 and T15v) CO Measurers CO, temp 10
Isakovet al.(2007) minivan Long Pathlength Absorption Spectroscepy Hexavalent 15
[10] Continuous Flow Analysis system (LPAS-A) chromium
Continuous Flow Aalysis (CFA) system formaldehyde 15
TSI 3071 Differential Mobility Analyzer and, TSI fine particles 30
3010 Condensation Particle Counter (mass)
Larsonet al. [6] conventional particle soot absorption photometer (PSAP) Absarption 1
gasoline powere (Radiance Research, SeattléA, USA) coefficient
vehicle
Hagleret al (2010) all-electric EEPS, model 3090, TSI, Inc. UFP
[4] converted PT  Quantum cascade laser, Aerodyne Research, In Cco
Cruiser (Hybrid
Technologies,
Inc.)
Dionisioet al. (2010 walking DustTrak model 8520 anitors (TSI Inc., PM;o, PM, 5 60
[17] Shoreview, MN, USA)
Wallaceet al. (2009) van Thermo scientific model 42i NO, NOx, NG 10
[12], Adamset al Thermo scientific model 48 CO
(2012)[13] Monitor labs 8850 SO, 1
GRIMM model 1.107 PM, 5 1
Donsetal. (2011, bag on person microAeth Model AE51(AethLabg BC 300

2012)[14,15]
Vogelet al (2011)
(16]
Airparif (2009) B]

backpack GRIMM OPC,GRIMM NanoCheck

cargo tricycle Thermo scientific model 42i
P-Trak

UFP, PMo, PM, 5,
PM,
NO, NOx NO;
UFP

60 (UFP) and 6

(PM)
10
1
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Most communitybased sensing projects (e.g., Common Sense, AIR, OpenSense, City@hense,
EveryAware) designed new measurement devices with low cost sensors fecklsgdeployment.

3. The Aeroflex
3.1 The AeroflexConcept andevelopment Phase

The idea behind the Aeroflexietat ever ybody fbedohes abte® successkilly a |
conduct mobile air quality measurements. Since the mobile data collection part is very time
consuming, we consider it important that it dam done by anyone. This allows city authorities or
companies to have the measurements carried out by their own personnel, in some cases even durir
their normal daily routineA certain degree of expertise is still required for device maintenance,
resolving of variousissues, device realibration and data interpretation.

The Aeroflexis developedhs a measurementcycle and not as a measurement car or van such as
in [2], [17] and [L8]. The reasorior this is that the Aeroflex wasonceptualized as a mitd platform
for local air quality sensing in an urban environm&hich would be operated in relatively small areas
Furthermorea bicycleis more flexible, can easily stop at several locations leasdaccess to most
public streetsFinally, the bicycleitself is not a source of air pollutants which could potentially
interfere with the measuremenihe advantages compared to the o6a measurement bagack,
such as irf1€], is that longer distances can be covered by thikaeon fod, and a higher wght of
measurement equipment is possible.

The Aeroflex has been developed and improved in several phases. Mobile air quality measurements
have been conducted with Aeroflex measurentekes bymore tran ten persons ahe VITO staff
with varying levels oftechnical skill both in citiegAntwerp, Ghent, BrugesBrussels, Louvauba-
Neuve,Tienen, Hasselé ) [19,20] and in industrial environments.(.,the Antwerpharbor, stainless
steel plantover a period ofive years. It has been useyg more ttan 50volunteersto carry out rides
on predefined track(e.g.,in the context of the SHAPES0ject[19,20]). Finally, city personnel of the
cities of Ghent and Brugebave used prototypes toap the local air qualityThe numerous challenges
encountered whileanducting those measurements have lead to the current design of the Aeroflex
measurement bike.

3.2. The Aeroflex antts Air Quality Sensors

In Figure 1 the Aeroflex and its measurement devicessai@vn The Aeroflex is able to measure a
number of air gality parameters:

1 Ultrafine particles(UFP) numberconcentrations with a TSI-Prak ultrafine particle counter
(model number 8525)The RTrack is able to count ultra fine particles in the size range
0.02 1 pm with a time resolution of 1 second. TheTlPak is based on the condensation particle
counting techrue using isopropyl alcohoR{]. It is a handheldield instrument having a
relatively robust performance whilst in motion. It has a rapid warm up, a fast response time,
and the ability to detect Higconcentrations (maximum detectable limit: 500,000 particléy.cm
Originally we used to have some problems with thdr&k. The PTrak stopped its
measuremestwhen being exposed to shocks. The combination of better shock protection and
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the removal oftie RTrak tilt sensor have resolved this issue. In our experienc®-Tmak is
usefulfor mobile measurement, despite its limited shock resistar&:2(].

1 Particulatematter concentration®f different aerodynamic diametéPM;, PM, 5, and PMy)
and thetotal suspended particulate matter (T8&Rh the GRIMM 1.108dust monitof22]. The
GRIMM 1.108 speabmeter is a portable instrument with two optical sensors which provide
near reatime particle number concentration measurements at a maximum meaduigmen
6 seconds. The size range covered by the instrument i520.261 over 15 channeldVe have
successfully used the GRIMM 1.108 on therdflex in studies such as [29].

1 Black carbon (BC) concentrabns with the AethLabs microAeth model AE& [23]. The
microAethis apocketsizedblack carbonaerosol monitor. The air sample is collected on T60
(Teflon coated glass fiber) filter media, and analyzed in real tiMeeobserved the micAeth
is able to conduct measurements with a 1 sec resolutionitfaadd noise reduction techniques
are applied during data processigd]|

1 CO with an Alphasense CBF electrochemical cellThe Alphasense GBF CO sensor is a
low-cost CO sensorf0 Euro for the sensor antl20 Euro for the sensor electronics). We
built a measurement device around this sensoeatdle IDEA sensor boxp]. The COBF
sensor requieadditional temperature correction beforec#éin be used to measure low CO
concentrations. We use it on the Aeroflex to experiment with \@my cost detedon of
traffic pollution.

Figure 1. The Aeroflex and its measurement devices

All selected air quality measurement devices are able to transmit their measurements in real time to
a computer. Also, their power usage requirements are low enough to peweby batteries. Springs
and foam are used to protect the sensitive optical measurement devices from shocks during the
measurement ride. Furthermore, the Aeroflex is equipped with a number of additional measurement
devices: a GlobalSet BB53 GPS with SiRstarlll chipset, a Center 322 sound level meter, a
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Microsoft LifeCam Cinema 72@ HD camera, a Tinytag Plus high sensitivity vertical acceleration
sensor, a temperature, and a relative humidity sensor. Also, a netbook with additional display on the
handléars is used in combination with a USB data network. Both will be discussed in the next
sections. Due to the rather large amount of electronic devices used, we choosénmo psserful
rechargeabléithium-polymer batteries as a central power supply davgr them all. In this way, the
Aeroflex has a guaranteed battery autonomy of one working day (8 hours).

3.3. TheNeed forData Synchronization

Fixed AQ measurement stationtgpically measure at a time resolution of one hour, 30 minutes;
sometimes 1 minutdata are availabld=or mobile measurements a higher temporal resolugog.,(
1 second)s required as he distance between subsequent measurements increases when the temporal
resolution decreaseBue to this requirement, we want to be sure all nreasents are synchronized
ona second bas@& manualcheck of all instrumentlocks before each measuremede provedto be
too cumbersome and error proiie. resolve this issuehé Aeroflex is able to automatically synchronize
all measurement data froall the measurement devices by using a single netbook computer as central
data logger. Every second, it reads out all measurement dsinogsaneously

3.4. TheNeed forAdaptability

Due to constant evolution of new measurement devices coming on thetraarck the specific
requirements of each measurement projéecs, crucial to be able to e&giadd, remove and replace
measurement devices on the AeroflextHeahardwarethis was realized bthe construction of a USB
data networlwith a tieredstar tgology with USB hubs to read out all measurement devidedSB
data network ha8 p l-andp | aunaionality and allowso add amore tharl00 measurement devices
The Aeroflex uses a 13 port powered USB hub. More USB hubs can be added to allow ibie aiddit
more measurement devic&ghere needed, USB to RS232 and USB to RJ45 convertors are added.

Onthe software sideghe Aeroflex software platformba o be abl e to support
set of measurement devicleg detecting new instrumengésitanatically. To meet those requirements
we implementechn aut onomous A Me a sfar eaehhmeasturemerd deviae avhich e n |
responsible for all device specific taskncluding detecting the port(s) on which the measurement
device is present, readj out the measurements, améding outhe error codes of the measurement
deviceif available Each agent is implemesttin Javaas a separat®pen Service Gateway initiative
(OSG) bundle[26] which can be added and removed when neefeery secondthe Ddta logger
and tr ans pulstther meg@esmutre@ ment s fr om t hA méaddermentur er
devices can be read out simultanepusit hanks to execution of inheir
separate execution threadsl s o ,Dath lbgge m and t r alogs thénteds@ementggae nt 0
data file and/or transmits them over the Internet to the Aeroflex data backerse¢sea 3.1). The
fiGUI agend is responsible for drawing and updating the graphical user interface. All agenéteop
completely autonomolsin their own threacénd are only loosely coupled to each other through OSGi
services. An overview of the software platform on the Aeroflex is shown in Figure 2.
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Figure 2. Aeroflex adaptable software architecture with autooasty operating software agents.
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3.5. Dealing withFailures

In contrast to consumer electronics, air quality measurement devices and their software are often
not designed to be very easy to use. This is typically not a big problemisimoest caseshe
technical staff performing the measuremestsrained to operatéhe measurement devicdsor the
Aeroflex, being easytouseiskaey requi r ement . Ev er ghouddg ablwtoo i
conduct air quality measurements with the Aeroflecorectly started measurement devices, badly
connected cables and device failures during the measureroeatirred more frequery than
anticipatedduring the initial test ridesToo often measurementes hadto be redone due to lacking
data. Initial experiments with sound alarmg inform the Aeroflex user on failur@roduced
unsatisfying results. Too much noise is present in urban traffic environments to inform the user by
sound signals. More succedsas beerobtained by adding firaf f i ¢ ugdernintefateoThe display
on the handlebarsolors green when all measurement devices are operating correctigngjes color
toorange whe war ni ngs ar e pr es eonrinorswaraihgs feosm méasuemeBdtP S
devices. And, ithanges color teed whenmeasurements should bppedmmediatelybecause o&
failing measurement device or caltennection The concept of a traffic light is quite naturally
understood byhe persons conducting the mobile measuremérsy literallygea figr e evimen | i g b
the Aeroflex is fully operational and mobile measurementdocan conduct ed. Furthe
| i gusér dnterfaceturned out to be easier to observe while biking compared to showing a text
message or playing a sound signal.

For each measuremerguce the current value of at least aneasurement valueas been added to
the traffic light GUI(Figure 3) Althoughit is quite hard to read measurement values while bjlang
although the raw measurements have to be processethalydd further fomproper interpretationye
noted that the Aerofleridersarereassured of the correct operatiortitd used measurement devices
when they can see a current measuremaioie from the devices. Also, by depicting a limited amount
of key sensor values, tlusercan get an impression of the current measurement values.
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Figure 3. Traffic light GUI.
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4. The Aeroflex Data Infrastructure

The Aeroflex data infrastructure (Figure é)ntainsfour parts First, the data is transmitted to and
stored in the dathackend Second, a quick data visualization is offeoédhe raw data to keep track
on measurement progress. Third, the data goes through a dapaogessing chain. Finally,
measurement data is visualized and analyzed accordihgpooject requirements

Figure 4. The Aeroflex data infrastructure
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4.1. DataTransmission anétorage

The Aeroflex is able to transmit its measuremamtseal timeand near real time to the ddiack
end For the real time data transmission, the cellular network is used.nddereal time data
transmission, at the end of each measurem@gtcan also be done over a¥Winetwork.This allows
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to follow up the progress of theobile measuremestremotely and to advisthe Aeroflex operator
from a distance if necessary.

The closen JSON data format, which is very handy for our automated badata end was
consi der ed ahy usBrswha warded to thavé access to the Aeroflex data for their own
analysis They are used to autonomous measurement devices which generateusasgadta files that
can bemportedimmediatelyin commonlyused data analysis software, such as ExcBl In addition
to the JSON filesall measurements are now also logged on the Aeroflex infG@vat

4.2. QuickData Visualization

Mobile measurem@ campaignsmay require measurements durirgg period ofweeks oreven
months.From our experience, the intention to conduct early checks on measurement tumalgyto
be forgotterdue to time constrairend other prioritesT he o f t e n h Albdata neede tmlider k
reanalyzed anyway when the full data set is colléctBecause of thidgad measurement results are
often only detected whethe measurement campaign teeeady beerfinished and can no longer
be adjusted.

With the Aeroflex, wesolved this issue by making an automated visualization available of the raw
measurement data. Each measurement trimdsvidually visualized on maps and graphy a
LabView based desktop applicatif@figure5b, left). The Aeroflex measurementanalso be visalized
on thenew VITO SensorView web applicatipmemoving the requirement for software installation
(Figure5, right). The applications make use of respectively the OGC Web Feature Service (WFS) and
the OGC Web Mapping Service (WMS) to display the meamants. Both web services are offered
by a GeoServanstance

Figure 5. Desktop applicatiofor automated visualization of Aeroflex measurements (left).
Web application for automated visualization of Aerofiebes (right).

4.3. DataPre-Processing

Before the masurement data is ready fanalysisand final visualizationa number of automated
data preprocessing steplsaveto be executedCurrentlywe have realized a prototype versionaof
automated data prgrocessingchainwith four processing stepasillustratedin Figure 4. In the first
step the measurements are enhanced where possible. This includes interpatatidlaggingof
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lacking GPS locations amtbise reduction of themicroAethalometeblack carbormeasurementssing
the ONA algorithn{24]. In the second stefhe data is validated lgmovingincorrect measurements.
During the third data prprocessingstep mobile air quality measurementseacorrected for available
baclground concentrations. The need for this datappoeessing steps explained in depth in
Section 4. In the las$tep the measurements are spatially aggregated for each road seghent.
results of the data pgrocessinghainarestored in a PostGIS database.

4.4. DataVisualization andAnalysis

The preprocessedata is ready for further analysis and visualization. This step is known to be very
project depeneht. The research goals of the project determine which agsadysl visualizationsre
required.In Section 5, a limited data analysis is presented of an dgavha monitoring campaign
using the AeroflexFor some projects, an automated custom visualization may be reduigerk 6
showsa webvisualzation of ablack carbonmap A BC concentration is assigned to eachettbased
on all mobile BC measuremest Each time newnobile BC measurementare aded, the mapis
automaticalyupdated. A Geo&verand the Google Earth pliig havebeen usedor the automated
construction of this webbasedBnap.

Figure 6. Automated, wetbasedlackcarbonmap visualizatia.
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5. Handling Highly Dynamic Spatio Temporal Data

The measurementsf one monitoring rud where a monitoring run is defined as a continuous ride
without stops unless forced by traffic catithsd generally provide a spattemporal snapshot of the
air qudity. Given the temporal variability of air pollutants, the timing of the measurement ride has a
strong effect on the measured concentrations. For example, a busy street may have lower UFF
concentrations than a quiet street, when the former is monitored) dughttime and the latter during
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morning rush hours. Moreover, measurements may incidentally be carried out in the wake of a bus or
truck. These occasionalvents may cause a strong peak in tdatg which is not necessarily
representative for that spific location over a longer perio@iwo complementary methodologiesn

be usedto reducehe impact of the measurement timing and occasional peak etrentsse of1) an
appropriateneasuremerglanwith repeated measuremeraad(2) background corgion.

An appropriate measurementplan with repeated measurement runsn the same streets at well
settimesis required.This way, thespatiectemporaldata can be aggregated by means of a summary
statistic (median, mean) tabtain a more accurate estimatiof the air quality. Obviously, the timing
of the measurements is determined by the study objective. To investigate the exposure to air pollutant:
during commuting hours, measurements should be performed within thisdime on different days.
Similarly, the mobile measurements should be distributed over the different hours of a day when the
goal is to havea daily mean concentratid27]. Data aggregation results smootherand probably
more accuratenapsof the air quality For thecasestudy presentkin Section 5the measurememtins
have been conducted according to a stnasurement planWwhen data is collected in a less
structured way€.g.,with random measuremenins), it is more challengingp aggregate the collected
data in a scientifiglly sound way.

Thebackground correction of the dataallowsusto compare measurement runs on different days.

It involves data rescaling by subtracting a regional background concentration for the observations. As
such, the rescaled data quantify the locaitgbution of traffic and other local sources to the urban air
pollution. The variability between monitoring days that is caused by differences in background
concentration is therefore reducédbackground concentration is usually obtained from a referenc
station ata background location, or from mobile measurements made at a background location along
the monitoring routeZ8]. Note that the exact background value is unknown angkitimation contains

an error.

6. Aeroflex TestCase

In this section we deribe a mobile measurement campaign conducted with the Aerditex.
exploratory analysis of mobile measurements is provided to show issuksthat can be obtained
based on mobile air quality measurememtd to assess their potential field of applmati

6.1. StudyArea andDescriptionof theTest Gse

A mobile monitoringcampaignusing the Aeroflex waset upin Antwerp (5112'N, 426'E),
Belgium. Antwerp is a mediursized city (4800 inhabitants985 inhabitants k). An approxmately
2 km longfixed route was defined in a subunbthe Eastern side (Borgerhowt)the city. Borgerhout
was choserbecause othe presence of a reference air quality monitoring station from the Flemish
Environmental Agency (VMM, statiod2R80). Preference was given ® short fixed route in the
vicinity of a reference monitoring station for comparative reasbims.major part of the mobile route
was located in residential areand streets of differing configuration and with differing traffic
dynamics were included ithis study(Table 3. The air quality monitoringgampaignwas performed
by 258 runs on10 daysin the period betweeB01202-13 and 20103-08. The majority ofthe runs
occurred between 7 am and 1 phtotal of 248900data pointsverecollected
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Table 2. Description of some street characteristics along the monitoring route.

Traffic density [day' ] *

Street name Speed limit Configuration X
light heavy total
Plantin en 70 km'h 2 lanes, separate biking lan 42961 420 43381
Moretuslei
Kleinebeerstraa 50 knm'h 1 lane 1,269 0 1,269
Lange 50 kmh 1 lane 5,585 0 5,585
Altaarstraat
Wolfstraat 30km/h 1 lane 5,665 15 5,680
Dageraadglats Public square, traffic free NA NA NA

* Modelledtraffic density averages from tAeaffic Centre Flanders

Two air pollutants were monitored in this study: ultrafine particles (UFP) and black carborA(BC).
TSI P-Trak ultrafine particle counter (metl number &25) was used to measure the number
concentration ofUFP within a range from Go 5 x 10° particles crh® at a temporal resolution of
1 seond The RTrak is based on the condensation particle counting technique using isopropyl
alcohol[21]. The flow rate of the flrak was 0.7 L minté , the temperature during operation was
within the limits provided bythe manufacturer, and alcohol saturation of the wicks guasanteed.

BC measurements wergone with a microAethalometer Model AE5IMagee Scientific) which
registers theate of change in absorption of transmitted light due to continuous collectionosbhler
deposit on filter. BC measurements were made at a temporal resolution of 1 second using a flow rate o
150 mL miruté *. Filters were changed at the start of each daywoise reduction algorithm was
performed on the BC measurements (ONA algorifia4,).

6.2. TemporalAnalysis ofMobile Measurements

The temporal variability in UFP and BC concentrations is presentfatafif levels: between days,
between hours of the day and between secddiferent processes are generally involved in the
temporal dynamics of UFP and BC. Local processes related to temporal source dynamics (in urban
areas mainly the traffic dynamicshast transformation processes.g., for ultrafine particles or
nitrogen oxides, and local atmospheric dispersianse rapid changes in pollutant concentrations at
the local scale, whereas larger scale atmospheric processes determine changes in gtamdack
concentration at bower spatial and temporal resolutioA.comparison of the concentrations grouped
by measurement dauggestsignificant temporal changeBigure7). The highest UFP concentrations
were measured dfebruary 18 and 2@h andthe 1st of March the lowest oriFebruary 18 and 2@h.

The temporal pattern of BC concentrations was similar to that of the UFP concentrations, except for
the second BC peak at the beginning of March, which was not observed foCh#iRes in the urban
backgound account partially for this dag-day variability. Some of the temporal variability could
alsobe explained by the day of the we&ecently collectedraffic count datdrom a sidestreetof the

Plantin en Moretuslei (Provinciestraat, not along theonitoring track)showedincreased traffic
densitieson Mondays
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Figure 7. Boxplot of the UFP and BC concentration on the different monitoring days.
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A boxplot analysis of the UFP and BC concentrations in function of the hour of the day reveals the
highest concentrations during the morning rbshur (8 am) (Figure 8). The concentrations decrease
steadily afterwards. A relatively high variability for all hours of the day (represented by the boxes and
whiskers) results from a dag-day variabilitybetwea these hourand from shortime fluctuations of
the pollutant concentrationwithin the hour of the dayi.e., short term fluctuationsaused by
fluctuations in the traffic dynamics. Source emissions in the vicinity of the Aeroflex cause dramatic
peaksm the concentrations, but concentrations decline rapidly after these events.

Figure 8. Boxplot of the UFPand BC concentrations in functioomf hour of the day
(merged data from the entire monitoring campaign).
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Figure 8. Cont
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6.3. SpatialAnalysisof Mobile Measurements

The mobile measurementave beerinked to a street database by their geographical coordinates.
As such, the mobile measurements were attributed to the streets of the mobile routes. A streetwise
comparison of the UFP arBiC concentationsshowed thattreets with the highest concentrations
were Plantinen Moretuslei, Wolfstraat and Lange Altaarstrélaigure 9). The lowest concentrations
were measured at the Dageraadplaats and Korte Altaarstraat. Interestingly, the traffic désrsty di
considerably between Planten Moretuslei 43381 counts per dayseeTable 1) and Wolfstraat
(5,680 counts per day), yet pollutant concentrations are of a similar magnitude. The distance betweer
source and monitoring platform Aeroflex is much deraih Wolfstraat where no separate biking lane
is presentIn addition,Wolfstraat has a more pronounasahyonlike street configuratiocompared to
the wider Plantinen Moretuslei fwo lanes in each direction). Therefore, the traffic exhaust at
Wolfstraat is measured at higher concentrations and the dilution process is Jibisalso illustrates
one of the restrictions of the Aeroflex. Its measurements are representative in the first place for the
pollutant concentrations that cyclists are exposgtih

Figure 9. Boxplot of the UFP and BC concentrations for the streets of the monitoring route
(merged data from the entire monitoring campaign).
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Figure 9. Cont

Dageraadplaats (DP)

DP = Dageraadplaat$sB = Grotebeerstraat; KB = Kleinebeerstraat; KA = Korte Altaarstraat;
LA = Lange Altaarstraat; PM = Plantin & Moretuslei; RS = Raafstraat; WS = Wolfstraat.

6.4. Comparison witt®ationary Measurements

Stationary measurements were made concurrently wi¢h nhobile monitoring at the VMM
reference station at Borgerhout usirdge tsame measurement equipment (miethalometer and
P-Trak). The stationary devices were installed on the roof of a monitoring, Ggipnoximately 3 m
high and about 5 m from the tfi@. The mobile measurementkat were less than @ m from the
permanent station were selectadd linked to the stationary measurements based on time. A
comparison of thes@ourly averaged measurements of the mobile and stationary data reaealed
reasonhly good (BC, R = 0.64) toa very goodUFP, R = 0.95) linear corresponden(figure 10.
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Figure 10. Scatterplots of mobile versus stationary URP dnd BC ) measurements.
Linear regressions are fitted to the data.

BC stat = 0.52 x BC mobile
R#=0.64

| UFP stat = 0.90 x UFP mobile
R2=095
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6.5. Air Quality Map

Given the high temporal dynamics of air pollutants, a data aggregaéprs needed for a clear
visualization. Here, a spatiemporal aggregation of the measurements is performeg askernel
smoothingalgorithm to derive dailyaveragedi.e., between 7 am and 1 pm) UFP and BC mfaps
201202-13. A regular lattice was constructed for tinenitoring route, consisting @quidistant points
with 10 m betveen the consecutive pointsa each of theseeferencepoints, a Gaussian kernel with a
standard dewition of 10 (arbitrary chosenwas used to weigh the measurements proportionally with
their distance to the reference poiAt such, lhe spatial variability of air pollutant conceritoas is
smoothed to a level whicBnhances the interpretabili(fFigure 1). Also, dense measurement clouds
due to stopping (for example, for a red light) are aggregated. Pé&m¥ioretuslei and Wolfstradtad
the highest concentrations wherdias lowest concentrations were measured at the Dageraadplaats and
Korte Altaarstraat, which is in line with previously described results.

Figure 11. Aggregated maps of mobile UF&) @nd BC b) measurements.
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