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1 ABSTRACT

People's daily living environment has an imporiafitence on their physical and mental health. Tivatg
environment consists of many different componessit is both a spatial or physical environment tre
result of many other processes (socio-cultural,nesoc context and individual characteristics and
lifestyles). Overall, the pressure on the physaralironment is very high, especially in densely ylated
and highly urbanised area’s such as Flanders, dhnharn part of Belgium. In urban environments, for
instance, many spatial demands come together (sjpackousing, economy, mobility, green and blue
infrastructures, etc.). The spatial layout of oities can influence our health (e.g. whether or wetlive
nearby green spaces or in an environment that gesnactive mobility, social contacts, if there sogirces
that impact the air quality, etc.), and of course lzehaviour.

The relation between health, living and workingiemvment and spatial planning is complex. Thereftire
Flemish Department of Environment & Spatial Devetgmt has prepared a framework in 2019 to better
capture that complex relationship, which we williefly discuss in this paper. Broadly speaking, #cpo
committed to healthy environments may choose toemakerventions that protect people's health from
certain external factors (e.g. air pollution or ieonmental noise) or that enable and promote hgalth
lifestyles (e.g. physical activity, food,...). Next that, providing citizens with up to date informatis an
important task of the government.

In this paper, we discuss the research that thardmaent and Health research team at the Flemish
Department of Environment & Spatial Developmentdiats in order to measure human exposure to certain
factors via sensors. Those particular factors vebiesen mainly because they are part of themes droun
which the Flemish Department can make policy. W# wonsider three ongoing cases: measuring the
quality of the indoor environment in different tygpef semi-public locations (such as schools, reside
care centres, cultural centres,...), measuring regijoency radiation from fixed transmitting antennas
urban environments and measuring noise polluti@mtn@ring with international research & development
organizations such as IMEC (Interuniversity Micemtonics Centre) and VITO (Flemish Institute for
Technological Research), they supplied us with wative and high-quality sensor technology. The sens
can transmit their measurement data in real tintepamnticipating parties can track the data on deatds
allowing immediate feedback and action when necgs3&e results are intended to feed further retear
Although not all case studies are equally advarnsedyill conclude each one with possible policyi@ts.
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2 WHY DOES A HEALTHY LIVING ENVIRONMENT MATTER AND HO W DOES IT RELATE
TO SPATIAL PLANNING?

Health goes beyond the absence of disease: @taaof physical, mental and social well-beingaltteis an
interplay of various personal factors such as dges\edge, lifestyle, as well as circumstances sscfamily
and social network, working and living conditiongdageneral socio-economic and cultural context.ltHea
in All Policies (WHO, 2014) ensured that attenttonhealth — in the broad sense of the word — irigpa
policy and research is gradually increasing. InNle¢herlands for example, the National InstituteRablic
Health and the Environment (RIVM) has contributedtie National Spatial Agenda (NOA) by describing
the relationship between the living environment drehlth and by identifying future challenges and
opportunities for healthy living environments (Rijistituut voor Volksgezondheid en Milieu, 2017).

The SARS-CoV-2 period made certain aspects of #adthy living and working environment all the more
obvious: the need for high-quality green spacesémial contacts, the need for good indoor airityadtc.
The way we organise and also use our availableespabere we live, work, preserve nature, provide
agricultural land, or deal with the built environmi@nd density, transport, etc.) has an impactuwrhealth.
“Land use affects mobility, nature, green space gihality of water, air and soil” (Teughels et aD22). But
how can we grasp this more precisély? 2019 the Flemish Department of Environment &atBp
Development has prepared a framework to capturedh®lex relationship between health and factass th
spatial planning can influence (Gommers et al, 20Bgure 1 shows this relationship by using the
intermediate step of healthy living and working ieorments. In those environments, the pressureeaitth
by certain stressors (chemical, physical, bioldyita minimised, physical safety is ensured as mash
possible (from e.g. dangerous traffic situatiomspatural disasters) and stress prevention playsipartant
role. In addition, people have access to healtlogl f@are invited to move actively and social intémacis
made possible.

In terms of heath, the role of (spatial) policy htidgpe seen as a combination of two themes: progpci
minimising health risks as much as possible andptimg healthy lifestyles and behaviour by provglthe
means to do so (e.g. active mobility, healthierinan).

Determining factors influenceable ;
< by spatial planning Healthy environment Health
PROTECTING
TI'E.I]SPOI'TL 1. Minimize pressure on health Physical
— s s health

Industry/activity
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Fig. 1: the complex relation between health, hgdltling and working environments and factors thpatial planning can influence
(Teughels et al., 2022)

In line with the first theme around protection, tBavironment and Health research team at the Flemis
Department of Environment & Spatial Development Ibasn working for years to measure human exposure
to certain factors, mainly concerning the expogareertain substances and poluents in the indoarai in

the ground (in the context of gardening) and expos$o sources of non-ionising radiation (radiofrecy

! Some caution about measurable impact betweerhhemadt spatial impact is in order. It would seent tha scientific
literature is far from unanimous on cause-and-¢ffelationships between spatial interventions asalth effects. Links
are demonstrated in cross-sectional studies whesereations are made at a single point in time fetwveen the
walkability of a neighbourhood and activity levelsthat neighbourhood). However, few longitudinaidses

exist examining the effect of a measure on behavaad health. (Gommers et al, p. 17)
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(RF) and electromagnetic fields (EMF)). Next tasththe team is working around green infrastrucftyjges,
proximity, perception,...) and human biomonitorifopcluding in the context of European Human
Biomonitoring Network HBM4EU). Over the years, tteam has accumulated a lot of knowledge on these
various topics. However, this paper will focus offieas recent studies, which have a policy and satiet
question behind them. We will consider three ongaiases. The first one is measuring the qualitthef
indoor environment in different types of semi-pabldcations (such as schools, residential careregnt
cultural centres,...), which required rapid policytiae in SARS-CoV-2 times. The second is measuring
radiofrequency radiation from fixed transmittingteimas in urban environments, an important topic to
follow up on, partly because oft he recent techgiclal evolutions in telecommunications. And lash@se
exposure, which is gaining importance internatitynals an factor with health impacts (e.g. EImeshet

al, 2019).

The finality of the different measurement campaigases: it is intended both to feed further reskand
legislative trajectories (e.g. in terms of standsations, evaluation of standards), but also tosige very
practical advice to participating partners (e.gteiims of behaviour). Last but not least, in additio raising
awareness, it is also intended to provide corrdotination to people about certain important expesuand
so, reducing possible concerns.

3 RESEARCH ON HOW TO MEASURE EXPOSURE TO CERTAIN FACT ORS

For the past 5 years, there was an accelerateddiegfical development, which led to, among othangs,

the development of new types of sensors. Alsorimgeof data transmission, there were developméats t
allow instantaneous transmission of very large tties of of data. This enables a different kind of
measurement: where previously measurements were widid certain devices at a certain place and titne,
IS now possible to monitor a certain place for muechger, and collect more measurement data. In
partnership with international research & developmerganizations such as IMEC (Interuniversity
Microelectronics Centre) and VITO (Flemish Insi&ufor Technological Research), we have started to
develop different types of innovative and high-ityadensors. Depending on the factor we need tsorea
the sensors can be placed outside or inside aitgildr even on the human body. All sensors have in
common that they can transmit their measuremeatidatal time and we collect the data in-housé wie
dataplatform Thingsboard. Interested parties carnn-ine with GDPR —track the data on dashboards
allowing immediate feedback and action when necgsseor further global analysis, the data are
anonymised. It is important to note that each seisscalibrated at regular intervals, and updatbémnew
technologies are available.

3.1 Indoor air quality & environment: the importance of people’s behaviour and general knowledge at
the start of building projects or reconversions

3.1.1 Introduction

In Figure 1, indoor air environment is a combinataf chemical, physical and biological stressdnat tan
affect the health and well-being of its occupamtthe people present in the room or building. ines from
three main sources: (1) the outside air (derivecthfhow we organise our spatial lay-out, where vgganise
certain activities etc.), (2) the building matesiaif the built environment, especially when theynsist of
new building materials and at last (3) the souins&le the building envelope (people as a sourceimf
effluents, including exhaled G@nd moisture but also bio-aerosols such as viraedsbacteria, furniture,
smoking, use of ventilation when cooking, use ataia detergents or cleaning products etc). Théding
envelope functions between indoor and outdoor @ddity. It can block certain pollutants from outsjdut
also keep certain pollutants from indoor sourcesdan depending on the use of ventilation or aemati
Ventilation means that the air inside the builisgontinuously refreshed, whereas aeration isljprietting
in a large amout of air by opening the doors ordeins during a short amount of time. There exists fo
kinds of ventitalion types: (1) system A with natusupply and extraction, (2) system B — which ésy
rarely used in Flanders — with mechanical air syapid natural air extraction, (3) system C withunal air
supply and mechanical air extraction and at Igssydtem D with mechanical air supply and extractio

In Flanders, people spend on average 85% of theirdiors. Because indoor air quality can affect the
overall personal exposure of the building occupahts an important environmental determinant eflth
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(High Health Council Belgium, 2017). Since 2007e thlemish Department of Environment & Spatial
Development has been conducting research regaiddwpr air quality in homes and schools to inform
policy. One of the main conclusions of the reseaegiarding the relation between the outdoor andandir
quality is that the indoor air contains a numbepollutants, usually with greater diversity, and éertain
pollutants in higher concentrations than outdodns.addition, the research shows that ventilation is
important: rooms that are mechanically ventilatdtéro have better air quality, than non-mechanically
ventilated rooms.

3.1.2 Why indoor air guality matters: research and meaguwampaigns with the sensor boxes

The main research question regarding indoor ensim@amt quality is the following: when is the indoor
environment healthy, and what measures help tcegehi healthy situation? To answer this, the Flemis
Department of Environment & Spatial Developmengetiher with VITO, developed 15 sensor boxes to
continuously measure a number of pollutants andrgtarameters (Lazarov et al., 2019). The sensor bo
measures particulate matter (PM), carbon dioxid®,JCcarbon monoxide (CO), nitrogen dioxide (NO
volatile organic compounds (VOC), temperature astative humidity.

Indoor air quality contains many different subsesand parameters. With the corona pandemic between
2020 and 2022, a big focus in Belgium and in Flasdeams been on CO2 valdesnd how efficiently
ventilation is carried out. COvalues are considered a good proxy to monitorgtaity of the ventilation

and aeration, and an important preventive measuimit potential contamination via airborne transsion

of viruses. The higher the GQoncentration, the higher the concentration ofosas (microdroplets
produced by breathing) that can contain micro-osyas, bacteria and viruses. In the absence ofla&ah

in enclosed spaces, these micro-organisms accumulétie room. Effective ventilation and aeratieduces

the concentration of micro-organisms in a room, smdimiting their spread through the air. In aubdlit the
concentration of all other chemical and biologiagknts with indoor sources also decreases witlctiafée
ventilation; this is beneficial for good indoor guality — needed for general health and well-being

During the corona period, public indoor locationdiere many people congregated, needed quick insight
into the situation of C®levels, how ventilation was happening and whetheould also be improved.
Locations with vulnerable populations and/or thandp many people together, such as schools, resaen
care centres for elder people, sport halls and evorar cultural event halls were particularly tasge
Therefore, the Department of the Environment & Bpddevelopment, together with other government
partners (from several government departments, agchealth, education and sports & culture), slarte
several measurement campaigns from 2020, and steofe planned in schools in autumn 2023. The
measurement campaigns varied between 2 weekspdatsshalls) to 4 months (for residential care EEs)t
and continued in both summer and winter. The hymthis that people tend to ventilate and aera® le
during cold winter days, as there are colder outdemperatures, and residents want to keep thegltau
out (and reduce energy bills). On hot summer dags fieople tend to keep the heat out, and so, doars
windows are kept closed.

We processed the results from the measurementsvierad final products: (1) each participant (school
residential care centre, cultural house) receivegpart with results that also contained concretéca, (2)
we made an (anonymised) overview report per se@prve made a website for schools where they ean g
targeted advice via questions and (4) we gave tdirgmut to our partner governments to make policy
frameworks on ventilation. The Departement of Heallopted a policy regarding ventilation in residgn
care centres.

3.1.3 Results: giving pratical advise and input to policgkers

About the different measurement campaigns in thHéerdnt sectors, we can draw some overarching
conclusions. As Figure 2 illustrates, it is cldaattpeople’'s behaviour has an impact on air quadégping
windows and doors closed increases,@&els in a classroom, opening them almost immeljichas a

2 The general guideline values were: if the ,C&@ncentration is below 900 ppm (or 500 ppm aboutdaor

concentration), we consider the room well ventdatlh practice, 900 ppm for an adult engaged imdded light

activity corresponds to a ventilation flow rated® m3/h.person of fresh outdoor air. This meansdahaamount of fresh
air of 40m3 should be provided per person preserthé room per hour. For values between 900 an@01gbm,

measures are needed to fall back below 900 ppnedtences above 1.200 ppm are in principle not aliow
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decreasing effect. This knowledge was very usefuing the corona pandemic: we were able to provide
immediate practical advice to e.g. schools, dependn their situation (e.g. new building, type ohgdows)
and whether or not they had a mechanical ventilasigstem. It is also possible to link actions totaia
trends from the graphs: e.g. for rooms without naeatal ventilation, one could match room occupatacy
the surface of the open or tilted windows. The ltesgave direct input to the policy makers durihg t
corona pandemic, e.g. wether or not the differectas could implement certain measures regarding C
levels.

Next to behaviour, there are the technical aspafctie ventilation or aeration. When installing tensor
boxes in the field, we noticed that people on siteegardless of the type of sector — often haue lit
knowledge about the presence of a ventilation systeé the way it works, and when was the last
maintenance. Inspection, maintenance and corréthgse of ventilation systems are necessary fao it
function correctly. It seems essential to sensiisd inform various target groups, in particulachéects,
technical staff, school teachers, residents of cargres etc., about possible interventions thit ingprove
indoor air quality. Attention to possible complarftom the occupants of the room (e.g. draughtt, hea
noise...) and obstacles for the staff (e.g. ext@rkiwad, possibility of safely opening windows) is
recommended, as ventilation and aeration shouldbroat the expense of well-being. Architects are an
important target group as well, as ventilation eyst are usually installed when renovation or new
construction takes place. It is therefore essefttiattach importance to the implementation of Natidn
from the start of the (re)construction project.

Based on our findings, we conclude that investingeémand-controlled (mechanical) ventilation - staymn
that measures and monitors £O@lues — contributes to improved air quality ameshgistently lowers CO
concentrations in the indoor environment, and skpsheeduce airborne viral transmission. Generally,
regardless of the outside temperature and thersaisonoticed that rooms that are equipped Gtilation
systems of type D (mechanical air supply and etitmrare more effective at keeping the CO2 lel@ls,

in comparison to the other types of ventilationtegss. However, we have little insight into the mesfor
the potential reduced performance of other vemditatypes. This aspect will be included in upcoming
studies in 2023, by conducting a technical screeafrthe ventilation systems.
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Fig. 2: the relation between G@alues (ppm) and measures to ventilate and aareltessroom during a schoolday (own translation
to English of the source: Taskforce Ventilatior§22)

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, M
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljljana, Slovenia



Living and Working in a Healthy Environment: HowrSer Research in Flanders can Help Measure and &foBKposure to
Certain Environmental Factors

3.2 Exposure to radiofrequency radiation from fixed transmitting antennas: more accurate exposure
maps to better inform the general public

3.2.1 Introduction

Transmitting antennas, equipped with the latedtdrology, make it possible to transmit more andefas
data, stimulating the development of interconnégtivdigital services, smart meters, etc. Sevetatlies
(e.g. the SmartSantander use-case in Spain (Diedt, &@017) and the ongoing GOLIAT-5G project in
Swisterland) addresses the health impact, by mgpgiposure. In turn, we would also like to get &dve
idea of this in Flanders.

In Belgium, legislation around transmitting antemiiga regional competence. This means that indelan
operators of transmitting antennas apply for canfty certificates from the Flemish Department of
Environment & Spatial Development before a tranBngtantenna is put into service or modified . With
these certificates, the Flemish government endiagsthe requested condition complies with the dsah
for exposure to non-ionising radiation from fixedrtsmitting antennas. Referring to Figure 1, thisnte
relates to protecting from physical stressors.

In 2010, Flanders drafted its first legislationlitmit exposure to electromagnetic fields from traitsing
antennas (=radiofrequency or RF radiation). Sincebila telecommunications technology evolved
significantly over the past 10 years, an adaptatibthe legislation in 2022 was needed. Both tintbs,
choice of the standards were based on internatigmalelines (ICNIRP), scientific research and oa th
precautionary principle. To test the impact of tew standards for the 2022 legislation, the Flemish
Department of Environment & Spatial Development kanulated the virtual roll out of 5G in 2019
(Gommé et al, 2023). As input data we used therimftion from the confirmity certificates. These
simulations resulted in exposure maps, which donegessarily correspond to what actually happetisein
field: the simulations are based on worst-case &x@o From the perspective of precautionary prlacihis

is a good approach. However, we still do not knokatvis happening in the field. By carrying out site
measurements, we can get a better picture of vghappening in the field, e.g. peaks or fluctuaion
exposure during the day etc. And so, with the semsasurements we can create more accurate real tim
exposure maps. The subject of non-ionising radiatian raise concerns in society, and through more
accurate and accessible information, we want taagedoncerns.

3.2.2 Spatial analysis of the transmitting antennas hedbG roll out

Generally speaking, the location of the transngtiamtennas follows the population pattern. About bf
the sites for transmitting antennas are locatadtian (core) area’s, and almost one in 4 sitescistéd on an
industrial/business/office parRdn 2019, urban area’s made up about 11% of the twea in Flanders and
72% of the population lived there (Pisman et a1)0Antennas are more closely spaced togetherbianu
environments, while outside these area’s, in mpaasely populated areas, less antennas transnhierhig
powers. Today, 5G technology is present in abolitdiahe sites for transmitting antennas, but ¢hare
spatial differences. When comparing sites with @gheut 5G technology per type of area, there iargdr
share of sites that contain 5G in large urban jcarea’s (57%), than outside urban environment%o(46

Figure 3 illustrates these findings. It is a zoorapnof the eastern part of Flanders, with Antwerghas
major urban area on the north-west of the map aaednglen on the south-west (pink urban cores onr&igu
3), surrounded by the port of Antwerp industriahedo the northeast (purple area on Figure 3).rékeof
the map consists of smaller urban areas or cok @ey areas). The business parks or industrezsa
often connect to those cores of (smaller) urbaasarer they are located near major infrastructugesh as
highways and canals. Compared to the rest of thg thare is a clear concentration of sites fordmaitting
antennas in the urban area of Antwerp. In addiiias, noticeable that there is a large mix of sigth both
5G technology (blue dots) and with other techn@sdiyellow dots), with a slight overweight of sitegh
5G technology. In some other, smaller cores, ttes siith other technologies are more prevalene@ajly

in the north-eastern part of the map.

® The legislation regulates that certain types ahsmitting antennes do not need a comformity deaté#, when they
operate under a certain Effective Isotropic Radi®ewer (EIRP, as a measurement of radiated optpuér from an
ideal isotropic antenna in a single direction) &®$ than a certain amount of days. However, thatenna’s still need
to conform to the legal standard to limit expostarelectromagnetic fields.
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Fig. 3: distribution of sites with 5G and otherhaologies in Flanders, according to a classificaiito urban areas/cores and
industrial/business areas (own data from conforcetyificates)

3.2.3 Research and results

As mentionned in the previous paragraph, the impddhe new legislation, adopting the precautionary
principle, was investigated by means of simulatibefore it came into effect. Now we want to pubint
practise an exposure monitoring network in Flandéng ultimate goal of the monitoring network ismap
time-dependent exposure to RF radiation based oasumement data collected by sensor boxes and
interpolating in zones located between the sensxed

The Flemish Department of Environment & Spatial €epment has 27 RF sensor boxes — developed in
cooperation with IMEC — that continuously measuxpasure to RF radiation from transmitting antennas
(Aerts et al, 2022). There is also a data captlatiopm for receiving the sensor data from the Z d@nsor
boxes. The RF sensor boxes were designed to meihsuetectric field strength on following four teten
frequency bands: 800 MHz, 900 MHz, 1800 MHz and(BBIHz.

The research in cooperation with IMEC on the besations or buildings to place the RF boxes hatesta
in February 2023. An urban environment, specificdlie centre of the city of Ghent, was chosen to
investigate in this pilot study. The city of Ghéht suitable location as it reflects well the urlsamplexity:

it is, after Antwerp, the second largest city iarers (circa 157 km2, 267.700 inhabitants, 1.688hitants
per km2 in 2023). The city centre has quite a detis®et pattern, with several markets and squareish

for some parts can be traced back to the MiddlesAgeiildings have different heights, and streetgeha
varying widths (the buildings will attenuate orleet radiation to some extent). This is in othemrdgoa
complex environment.

Using a modelled exposure, possible locations Ffer 27 boxes are proposed, taking into account a
variogram analysis to estimate correlation distaard zones where exposure is potentially highdst. glan
now is to place the boxes on the facades, roolmlmonies of buildings, mostly with view on theegit. To

this end, we have enlisted the cooperation of varjgublic or government institutions (universityildings,
Flemish government buildings, etc.). The deploynaihe sensor boxes will start during the sumnmat a
the objective is to collect sensor data duringaxr yinat will be further analysed.

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, M—
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljljana, Slovenia



Living and Working in a Healthy Environment: HowrSer Research in Flanders can Help Measure and &foBKposure to
Certain Environmental Factors

3.2.4 Results

The finality of the study is to feed an interpatatimodel based on the measurements to come upawith
exposure map. This will probably give a differemttpre than the previous exposure maps based on the
conformity certificates. It allows us to take thHestf steps towards possible monitoring for the whof
Flanders. In addition, it can help us as a govemnte fulfill our role of monitoring standartsand to
provide more precise information to citizens.

3.3 Noise exposure getting insight into the causal raianship between noise and health

3.3.1 Introduction: measurements and perception

Noise pollution is categorised in Figure 1 as aeohysical stressor. International research indgthat
noise exposure can cause important health effacts&s stress, sleep disturbance and cardiovasfidats
(WHO, 2018). If we do not take into account endeeriisruptors, Flemish research cites noise pohugis
the second most important factor in calculating YAlor Disability Adjusted Life Years as a measufe o
years of life lost due to premature mortality congal with years of healthy life lost due to disabjli after
particulate matter.

In 2018, the Department of Environment & SpatialvE@lepment conducted a five-yearly written
environment survey in order to estimate the proporof inhabitants that are affected by noise, tlighd
odour pollution. It was the fifth survey in a serief identical surveys conducted since 2001. Th&820
survey shows that noise is the main source of samm. 29% of Flemish people (or circa 3.299.060
inhabitants) said they felt bothered by noise id around their homes (categories ranging from naider
(18%) to serious (10%) and extreme noise (2%) aamog). Traffic and transport noise is the largeatce

of noise annoyance. More than a third of those witiderate to extreme noise annoyance relateddhis t
traffic and transport. People living in urban eomiments experience the most noise annoyance cothfmare
more rural areas.

Modelled noise pollution maps exist for Flandethese mainly take into account the main traffiee
sources of noise (e.g. noise from traffic on motyrsvand other major roads, from high-frequencyntrai
connections or from air traffic from airports). Hever, they remain an estimate of actual noise expo3o
better map effective exposure, the Department efrBnment & Spatial Development is collaboratingtwi
the University of Ghent, the Provincial InstituteHygiene and Scivil (Flemish knowledge centerditizen
science) on two 24-month projects of Public Procuet Innovation (PPI) with sound sensors, linkimg o
site outdoor nighttime noise measurements withthesfects, sleep disturbance and human percepfios.
focus is on (1) better capturing personal and dyaaxposure, and relating this to health effects sieep
quality of the participants (PPI I) and (2) mappémnyironmental noise in Flanders on strategic looatand
the appreciation of that environment by rolling aumeasurement network of sensors in a citizemeeie
project (PPI II).

3.3.2 Research with sensors: getting insight into thesabrelationship between noise during the night and
health

Both research projects are currently ongoing. firsh phase, the aim is to search for best-in-cksssors
and establish measurement protocols through tved gtilidies, so that this can be applied on a lasgale in
Flanders in a citizen science project to be laudéhe second phase.

The measurement protocols being developed forishisased on literature, but also on ongoing rebearc
This will be done simultaneously with field testimgthe form of two pilot studies, with 10 subjeetsch that

live in several spatial environments (urban, subanrland more rural environments). The measurement
protocols are designed to correlate noise expodurieg the night with health impacts, sleep disamde

and noise pollution. The study allows the analg$ishort-term effects on health and sleep andatal to

get insight into the causal relationship betweeisenand health, without taking confounding factimt®
account (e.g. air quality). To achieve this, biatad) response measurements are performed, thanks to

* The sensors have a precision of measurement of ootess 5dB. They can indicate whether a stantdasdbeen
exceeded. In that case, our enforcement servitewvéne and can measure with more accurate demcste.

® These maps are based upon a weighted 24-hour laawverage sound pressure level, with evening agHtrevels
being relatively more heavily weightedsh
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ECG and actimetry device that the participantsycarr their body (heart rate variability, motility,.). As
mentioned in the introduction, perception is an om@nt factor when we are dealing with annoyance.
Therefore, the project uses a survey, in the fofrsetf-reported noise annoyance and sleep disteehan
among the pilot project participants.

In addition, noise at night is measured both insidd outside the home. That simultaneous measutemen
makes it possible to differentiate between indgooetdoor noise (and to analyse the differencenjaict on
sleep), and also to identify the source of the ambnoise. The latter is important knowledge fdigyo by
knowing the sources, certain measures can be thkenessary.

3.3.3 Results

Both PPI projects are ongoing. The first one thealsl with health effects and sleep quality of the
participants, is expected to be completed in Deeen2023. This project wants to monitor the impatct o
noise on health. A measurement protocol will bemdraip for later roll-out in a subsequent HBM (Human
Biomonitoring) campaign. From this, the effect ofse on health (and quality of life) can then benitared

on a larger scale in Flanders. The second PPIginajil end in March 2025. The result will be aopf of
concept in order to map noise in Flanders more-arda (in relation to the existing noise maps),
classification of noise sources and their apprematA concrete plan of approach will be drawn tgppe
used afterwards in a large-scale citizen sciencfegr. The data from the citizen science projedtseirve to
create an area-wide map, which can also validatieitea noise maps.

So far, the results of the projects mainly focushentechnical aspects, regarding the the techyalegd, IT
applications, problems encountered during the giletc. This information will be processed in ortler
establish a concrete measurement protocol for leser

4 OVERARCHING CONCLUSIONS AND REFLECTIONS ON SENSOR-BASED RESEARCH
FOR LIVING IN A HEALTHY ENVIRONMENT

4.1 Reflections concerning spatial planning

This paper first and foremost highlighted the rielsghip between spatial planning and health byahicing
the concept of healthy living and working enviromtse The physical environment has a major influenace
both positive or negative — on our well-being ama@lth. For instance, the beneficial effects of gregace
on physical and mental health are widely acceptetl scientifically researched. Conversely, expogare
chemical pollutants present in air, water, soibdr in certain products can lead to a broad specof
health effects that vary in severity and duratibhne same applies to exposure to physical stressmis as
noise, radiation, and biological stressors suchiaffluents, including exhaled G@nd moisture but also
bio-aerosols such as viruses and bacteria. Intinguniore health aspects in spatial planning hagsraév
benefits. It takes into account the vulnerabilify specific groups, such as the elderly, childred &me
chronically ill. Research shows that health diffees exist between socioeconomic groups, and these
differences also manifest themselves spatially ({®I2017).

This paper mainly focused on protection, which msimportant task of the government, by starting to
measure the exposure of different stressors irfithe: The underlying question is what measure9 hel
achieve a healthy living environment. In the cakéndoor environmental quality, where we focused on
more vulnerable groups such as children and eldmplp, behaviour plays an important role, and
sensitisation of different target groups (inhalgarstaff, architects, building contractors) is ianportant
aspect. The measurements have also directly fedypai other governmental agencies, e.g. the fraomew
around ventilation and aeration in care centregshWon-ionising radiation from transmitting antesni is
mainly about the legal standards, which must naxmeeded, and informing people correctly and réngpv
any concerns. Finally, with noise exposure, wealg in the early stages of getting a grip on ttaesof
affairs. These insights can give input to policyaswes in the future, such as imposing noise stdsda
certain environments or specific measures to deded in noise action plans.

Flanders is not the only region dealing with memguand tackling environmental impact on health. Of
some factors, such as RF exposure, we know thatr edygions and countries are conducting studies to
monitor this. Of other factors, we do not yet knalout how the results of measurements are impledent
in the policies of other countries, e.g. for theeaf noise exposure. Presumably, our PPI studiasoise

REAL CORP 2023Proceedings/Tagungsband ISBN 978-3-9504945-2-5. Editors: M. SCHRENK, V.ROPOVICH, P. ZEILE, M—
18-20 September 2023 — https://www.corp.at P. ELISEI, C.BEYER, J. RYSER, H. R. KAUFMANN - Ljljana, Slovenia



Living and Working in a Healthy Environment: HowrSer Research in Flanders can Help Measure and &foBKposure to
Certain Environmental Factors

could be relevant as it is conducted within a goliontext and rolled out afterwards. In any cabes i
interesting to follow up other countries and regiamthe future.

Flanders is a densely populated region, and thimutgihe day everyone is exposed to certain streseca
greater or lesser extent. Even though exposurdypdepends on lifestyle and behaviour, a further
exploration of spatial factors in relation to expasseems interesting. Overall, we know that peliytey in
urban environments are more likely to be exposezkttain environmental stressors, but there maydey
differences between urban areas. For examplejctrdéisity, proximity to certain industrial actiei$ (and
thus exposure to noise, among other things) plafeaand may also occur outside urban areas (@sgdm
Flanders. Agricultural activities outside cities, turn, are a potential source of stressors. Thesstitute
interesting starting points for further spatiale@sh.

4.2 Refections about sensor-based research

Working closely with partners, we were able to depannovative sensors, which we use in researah th
supports policy, as well as in policy preparationd atandards evaluation. This way of working wighsors
has the advantage of being cost-efficient, quickabup and a step towards an independent andtigbjec
measurement network. It also has its challengesausecit implies continuous monitoring of the latest
technological innovations. The roll-out of diffetesensors in the field is also a process of learbydoing,
that takes some time. It also requires a commitntenbuilding in-house knowledge. Still, it remains
worthwhile to enrich our knowledge and models wddta in the field. Field measurements allow us to
measure many more fluctuations and nuances, aratergoser to people's daily lives.
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