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PREFACE

Dear Colleagues,

Welcome to the 8™ WeBIOPATR Conference, to be held at the premises of the Vinca
Institute of Nuclear Sciences, Serbia, 29.11.-1.12.2021, as a combination of online and face-
to-face event.

The International Workshop and Conference, Particulate Matter: Research and Management
— WeBIOPATR is a biennial event held in Serbia since 2007. The conference addresses air
quality in general and particulate matter specifically. Atmospheric particulate matter arises
both from primary emissions and from secondary formation in the atmosphere. It is one of
the least well understood local and regional air pollutants, has complex implications for
climate change, and is perhaps the pollutant with the highest health relevance. It also poses
many challenges to monitoring.

By WeBIOPATR, we aim to link the research communities with relevance to particulate
matter with the practitioners of air quality management on all administrative levels, in order
to facilitate professional dialogue and uptake of newest research into practice. The
workshops usually draw an audience of about 70 and attract media attention in Serbia. It
enjoys support of the responsible authorities, Ministry of Education, Science and
Technological Development, Ministry of Health, Ministry of Environment, and the Serbian
Environmental Agency whose sponsorship is indispensable and gratefully acknowledged.
We also enjoy support of international bodies such as the WHO.

The 1%t WeBIOPATR Workshop was held in Beograd, 20.-22. May 2007, associated with a
project funded by the Research Council of Norway. The 2" workshop was held in Meéavnik,
Serbia, 28.8.-1.9.2009. WeBIOPATR2011 was held in Beograd 14.-17.11.2011 and for the
first time, included a dedicated student workshop. WeBIOPATR2013 was held in Beograd
2.-4.10. 2013. It covered the traditional PM research and management issues, discussions on
how to encourage citizens to contribute to environmental governance, and how to develop
participatory sensing methods. WeBIOPATR2015 was held in Beograd 14.-16.10. 2015.
Dedicated sessions were devoted to sensor technologies for air quality monitoring, utilizing
information and input from the EU FP7 funded project CITI-SENSE (http://co.citi-sense.eu)
and the EU COST action EuNetAir (www.eunetair.it). WeBIOPATR2017, the 6"
conference, was held in Beograd 6.-8.9. 2017, with a wider than before Western Balkan
participation. The 7" WeBIOPATR2019 was held 1.-4.10. 2019 at the Mechanical Faculty,
University of Belgrade. It has attracted a record of over 50 contributions, and brought
together scientists from 12 countries, documenting that the issues of atmospheric pollution,
with their wide implications for climate change, human health and ecosystem services, are
no less important today. This year’s event will be with similar number of contributions that
have been accepted.

In the past two years, all our lives were affected by the COVID-19 pandemic. We have
adapted our ways of life and work — and now we hope that the new format of the conference



will be a success, for the participants physically present as well as for those who will
participate online.

We are very grateful to our unrelenting national and international partners for their financial
and scientific support for this event. In addition, WeBIOPATR2021 is supported by the
VIDIS project, https://vidis-project.org/, funded by the EC H2020 Framework Programme
for Research and Innovation, area “Spreading excellence and widening participation”.
VIDIS (2020-2023) is coordinated by Vinca Institute, Grant agreement number 952433.

Welcome to Vinca and online and have a stimulating and productive time!

Milena Jovasevic¢-Stojanovi¢ and Alena Bartoriova
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1. INDOOR, VENTILATION,
PROTECTION
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Keynote invited lecture

1.1 COVID-19, PARTICLES IN THE AIR AND VENTILATION

Lidia Morawska
International Laboratory for Air Quality and Health (WHO CC for Air Quality and Health), Queensland
University of Technology, 2 George Street, Brisbane, QLD 4000 Australia
I.morawska@qut.edu.au

Respiratory infections are considered an inescapable part of daily life, and very little has been done so far to
control them. Every year acute respiratory illnesses, such as colds and influenza infections strike, sicken
millions, kill thousands and cause economic loses of billions of dollars. The COVID-19 pandemic has
demonstrated how unprepared the world has been to address the basic question: How can we minimise the risk
of airborne infection transmission for any respiratory viruses in a countless number of buildings where most
of the population spends a substantial fraction of the day. There is little doubt that the way we design, operate,
and maintain our buildings influences transmission. We need a profound change in how we view this risk and
how we apply science, building engineering solutions and public health policies to reduce it. In doing this we
need to consider all other requirements, including comfort and the control of indoor air quality, and energy-
efficiency in the context of local climate and outdoor air quality. The presentation will explore how to turn this
vision into a reality.

REFERENCES

Cortellessa, G., Stabile, L., Arpino, F., Faleiros, D.E., van den Bos, W., Morawska, L. and Buonanno, G. Close contact
risk assessment for SARS-CoV-2 infection, arXiv preprint arXiv:2104.10934.

Balachandar, S., Zaleski, S., Soldati, A., Ahmadi, G. and Bourouiba, L., 2020. Host-to-host airborne transmission as a
multiphase flow problem for science-based social distance guidelines, International Journal of Multiphase Flow,
132: 103439.

Bazant, M.Z. and Bush, J.W., 2021. A guideline to limit indoor airborne transmission of COVID-19. Proceedings of the
National Academy of Sciences, 118(17).

Greenhalgh, T., Jimenez, J.L., Prather, K.A., Tufekci, Z., Fisman, D. and Schooley, R., 2021. Ten scientific reasons in
support of airborne transmission of SARS-CoV-2. The Lancet, 397(10285): 1603-1605.

Kriegel, M., Buchholz, U., Gastmeier, P., Bischoff, P., Abdelgawad, I. and Hartmann, A., 2020. Predicted infection risk
for aerosol transmission of sars-COV-2. MedRxiv

Morawska, L. Indoor Air policies and programs in Australia. Proceeding of the Healthy Buildings Conference, Espoo,
Finland, 6-10 August 2000

Morawska, L. and Cao, J., 2020. Airborne transmission of SARS-CoV-2: the world should face the reality. Environment
International, 139: 105730.

Morawska, L. and Milton, D., 2020. It is Time to Address Airborne Transmission of COVID-19. Clinical Infectious
Diseases, 71(9): 2311-2313.

Morawska, L., Allen, J., Bahnfleth, W., Bluyssen, P.M., Boerstra, A., Buonanno, G., Cao, J., Dancer, S.J., Floto, A., et
al., 2021. A paradigm shift to combat indoor respiratory infection. Science, 372(6543): 689-691.

Morawska, L., Tang, J., Bahnfleth, W., Bluyssen, P.M., Boerstra, A., Buonanno, G., Cao, J., Dancer, S., Floto, A, et al.,
2020. How can airborne transmission of COVID-19 indoors be minimised? Environment International, 142: 105832.

Stabile, L., Pacitto, A., Mikszewski, A., Morawska, L. and Buonanno, G., 2021. Ventilation procedures to minimize the
airborne transmission of viruses at schools. Building and Environment, 10:108042.

Tang, J.W., Marr, L.C., Li, Y. and Dancer, S.J., 2021. Covid-19 has redefined airborne transmission. BMJ, 373:n913.
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1.2 APPLYING AEROSOL SCIENCE TO THE CURRENT NEEDS: PARTICLE REMOVAL
EFFICIENCY OF FACE MASKS DURING THE COVID-19 PANDEMIC

A. GradiSek (1), L. Pirker (1), A. Pogaé¢nik Krajnc (1), U. Gradi$ar Centa (1), J. Malec (1), V.
Radulovi¢ (1), A. Jelen (1), I. B. Mekjavi¢ (1), J. Kova¢ (1), M. Mozeti¢ (1), M. Godni¢ (2), M. Cebasek
(3), T. Bregant (4), L. Snoj (1), M. Remskar (1)

(1) Jozef Stefan Institute, Ljubljana, Slovenia, (2) Novo Mesto General Hospital, Novo Mesto, Slovenia, (3)
Hyla d.o.o0., Ljubljana, Slovenia, (4) CIRIUS, Kamnik, Slovenia
anton.gradisek@ijs.si

At the onset of the Covid-19 pandemic, the world faced a dire lack of PPE, and in particular face masks. As
studies quickly demonstrated, the SARS-CoV-2 virus primarily spreads through droplets (aerosols) that are
released when breathing, talking, and coughing. Therefore, masks are the first line of protection to slow the
spread of the virus. They act as a barrier against the dispersion of droplets and at the same time protect the
wearer against the aerosols already present in the surrounding air.

In spring 2020, we started investigating different properties of face masks and improvised protection equipment
with a special focus on the particle removal efficiency. We used a scanning mobility particle sizer to measure
the number concentration of a standard aerosol powder passing through a mask mounted on a manikin head in
a special chamber. The results show high filtration efficiency of FFP2, FFP3, and certified surgical masks for
all sizes of tested particles, while protection efficiency of washable masks depends on their constituent fabrics
(Pogacnik Krajnc et al., 2021).

Furthermore, we have demonstrated that ionizing radiation (both gamma and electron beam) can be used for
emergency sterilization of FFP2 and FFP3 masks, provided that the respirators are recharged afterwards (Pirker
etal., 2021).

REFERENCES

Pogacnik Krajne, A., Pirker, L., Gradisar Centa, U., Gradisek, A., Mekjavic, L. B., Godni¢, M., ... & Remskar, M. (2021).
Size-and Time-Dependent Particle Removal Efficiency of Face Masks and Improvised Respiratory Protection
Equipment Used during the COVID-19 Pandemic. Sensors, 21(5), 1567.

Pirker, L., Krajnc, A. P., Malec, J., Radulovi¢, V., Gradisek, A., Jelen, A., ... & Snoj, L. (2021). Sterilization of
polypropylene membranes of facepiece respirators by ionizing radiation. Journal of membrane science, 619, 118756.

13


mailto:anton.gradisek@ijs.si

1.3 PERSONAL PROTECTION AGAINST AIRBORNE PARTICULATE MATTER
Simon J. Smith (1)

(1) 567 River Ridge Drive, Glenburnie, Ontario KOH 1S0 Canada
sjsmith@kos.net

The Covid-19 pandemic has driven much change — with great impact on the public and healthcare workers in
terms of use of facial coverings (“masks”) for both control of exhaled material and respiratory protection. But
there are many points where assumptions and misunderstanding about products used in these roles have
contributed incorrect selection and use, and poor protection of the wearer. An overview of the factors which
contribute to respirator effectiveness in terms of design, function, selection and usage is provided.

Even when appropriate respiratory protective equipment is available, sometimes it is not used because of failure
to recognise the hazards in the environment, indicating that better understanding and acceptance of the nature
of respiratory hazards is also important to ensure individual protection.

Types of Protective Device Respirators have been used historically to address defined needs in workplaces:
they are subject to regulatory approval to national or international standards and have protocols for selection
and use. The pandemic has driven use of devices by the general public and workers who have historically not
used protective equipment. Surgical or cloth masks so used are not traditionally classed as respirators, and are
not subject to the same standards selection, fit or usage guidance, so new expectations are created which need
better definition for acceptance in the future.

Design The utility and effectiveness of a facial covering or respirator can be summarized by the “3Fs” which
encompass the essential items for minimizing the hazard to the wearer from inhaled airborne matter:

Filtration: the material from which the product is constructed must be capable of efficient filtration for the
size range and type of hazardous particles. There are multiple mechanisms by which particles are filtered, and
respirator filters demonstrate minimum efficiency at a certain size range — which is used for testing in approval
standards. The filtration mechanisms are effective on all types of particle: there is no difference between
biologically active and inert matter, liquids or solids.

Fit: agood fit to the face is necessary to ensure that as much inhaled and exhaled air as possible passes through
the filtering area of the product. Effective securing mechanisms and shaping of the facepiece is necessary. Fit
testing during selection and fit checking methods for each use are employed to verify this.

Function: to be effective, the product must not impose excessive physiological burden on the wearer by
making it too difficult to breathe, not become too uncomfortable and allow the wearer adequately to perform
functions necessary for their work — such as communication. Design without incorporation all three of these
capabilities will not adequately protect the wearer.

Selection Beyond adequate design, the proper protection of individuals depends on selection of a device
appropriate to the hazard — which means assessment of the risk of exposure, along the nature of the hazard,
assessment of concentration — which may be measured, or may employ a semi-quantitative control banding
process-based consideration of generation and ventilation rates. Sometimes the most protective respirator for
an exposure may not be the most obvious or generic choice.

Use and Maintenance Adoption of appropriate practices for training, use, recognition of performance
limitations and adherence to maintenance requirements provided by the manufacturer are important factors in
ensuring safe use and adequate protection of the respirators

Standards Performance standards organised nationally or internationally set out minimum criteria for the
manufactured capabilities of respirators. Selection and use provide requirements for the user to maximize their
safety and protection. New national and international standards have recently been published better classify
capabilities and define performance requirements.
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1.4 THE ROLE OF MICROCLIMATE IN THE FORMATION OF INDOOR AIR POLLUTION

0. Kalva (1)
(1) University of Latvia, Faculty of Geography and Earth Sciences, Riga, Latvia
oskars_kalva@inbox.Iv

Indoor air quality plays a key role in assessing people's quality of life, as a large proportion of people spend up
to 22 hours a day indoors. So people are exposed to indoor air almost all day long. People in developed
countries spend much more time indoors. Recently, employers are paying more and more attention to ensuring
the well-being of employees, as it affects the quality and productivity of their work (Indoor air.., 2018;
Andrejiova et al, 2012). Ensuring an appropriate working environment on the part of employers ensures both
sustainable social and economic links. Well-being can be affected by various parameters of the indoor
environment, in addition to the microclimate, they can be - lighting, noise level, various odors. However, one
of the primary indicators of comfort or discomfort in an indoor environment is thermal comfort or discomfort
(Flimel et al, 2018).

Gas stations are selected as the object of the research, which are already objects of increased danger with much
higher environmental risks. Based on the above, the topic was chosen to provide an in-depth understanding of
the formation of the indoor microclimate and its possible effect on accumulation of different aerosols in an
environment that is considered to be potentially unhealthy for humans.

The paper provides an overview of the factors influencing the microclimate of gas stations, the existing
measurement results and the methodology used to obtain these measurements. Repeated microclimate
measurements were performed at several gas stations in Riga, Latvia. Measurements were performed in
autumn, winter and spring of 2018 - 2019. The obtained results on indoor air temperature and relative humidity
changes were compared with the data of the National Meteorological Centre on the data of the same period in
the outdoor environment. This measurement methodology was chosen because the determination of aerosol
contamination is relatively expensive and complicated, but microclimate measurements are easy to perform
and are also regulated by work safety legislation. The analysis of the obtained results has also been performed
with the aim to assess the current situation and develop recommendations for its improvement.

Preliminary results show that the indoor microclimate is exposed to the effects of outdoor climate,
meteorological conditions, indoor parameters, variability in the number of customers, as well as the complex
influence of all these parameters, the influence of indoor microclimate on accumulation of aerosols in building
is also visible. Further research is required in this regard across Latvia and EU as a whole.

REFERENCES

Andrejiova, M., Kralikova, M., Wessely, E., Sokolova, H., 2012. Assessment of The Microclimate in The Work
Environment. International Scientific Book. 509-516.

Indoor Air Quality, S.a. 2018. United States Environmental Protection Agency

Flimel, M., Duplakova, D., 2018. New approaches of heat fluxes determination in the workplace in situ. Flow
Measurement and Instrumentation. 61, 49-55.
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Keynote invited lecture

2.1 PM LOW-COST SENSORS CALIBRATION IN THE WILD: METHODS AND INSIGHTS
FROM AIRHERITAGE PROJECT

S. De Vito, Gerardo D’ Elia, Elena Esposito, Grazia Fattoruso
(1) ENEA — Agenzia Nazionale per le Nuove Tecnologie, I’ Energia e I’ Ambiente,
C.R. Portici, P.le E. Fermi, 1
80055 Portici (NA), Italy
saverio.devito@enea.it

PM low-cost sensors based on OPCs are gaining momentum for their availability and easy of integration
(Alfano et al., 2021). Recent works reports that their accuracy is significantly affected by environmental factors
wether different particulate sources and composition may severely affect the factory calibration performance
(Reese et al., 2017). AirHeritage project, aimed to participatory and distributed AQ sensing, rely on low cost
PM sensors for enabling crowdsensing approach and densify the sparse fixed network of regulatory analysers
(AirHeritage Website, 2020).

In particular, the ENEA MONICA device (De Vito et al., 2021) is based on an array of three electrochemical
sensors, namely Alphasense A4 class NO2, 03, and CO sensors plus a Plantower PMS7003 sensor. The latter
comes with two different on-house factory calibration targeting two different deployment scenarios and binned
particle counts.

During two field campaigns we tested several tenth of nodes, collocating them with regulatory grade analyzers,
courtesy of Campania Regional Environmental Protection Agency. The campaigns have been implemented
during Winter 2020/2021 and Summer 2021 each time deploying 30 MONICA devices each of them for at
least three weeks. Data have been collected using a Raspberry Pi3 used as a Bluetooth Low Energy Datasink
relying on a Python 3 script for data management and storage. Data have been recorded using remote Restful
APIs on a ad-hoc NOSQL database for future uses (MongoDB). Thus, we obtained a large dataset enabling us
to compare different approaches to PM sensors calibration as well as to use gathered data for PM concentration
mapping in the highly complex urban scenario of a densely inhabited Italian town. Multivariate calibration
algorithms including MultiLinear Regression and shallow neural networks(5 tansig hidden layer, 1 linear
output) have been developed and tested relying on different features.

Performance and their variance have been captured using MAE, MRE, CRMSE and R"2.

One of the key results is the improvement of estimation accuracy which have been obtained using particle
counts as input feature as opposing to both in house calibrations and its correction.

Finally, the calibrated nodes have been used for AQ participated mapping using opportunistic measurement
coming from several citizens which have shared data captured during uncontrolled measurement sessions in
Summer 2021. This keynote will report the primary findings of this endeavour, providing insights on best
practice for PM sensors calibration and usage in the field.
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2.2 SCHOOLS FOR BETTER AIR QUALITY: CITIZENS-BASED MONITORING, STEM
EDUCATION, AND YOUTH ACTIVISM IN SERBIA UNICEF IN SERBIA

L. Kesar, A. Prodanovié¢
UNICEF
Ikesar@unicef.org

In 2021 UNICEF, with financial support from the Government of Norway, is initiating awareness raising and
experimental collection of real-time air quality data in a total of 46 schools in Central and South-West Serbia,
situated in 15 local self-governments. To enhance children’s learning and awareness through STEM education
and to measure real-time air quality at the micro locations where children spend most of their time - at school
sites, low-cost air quality sensor devices are introduced in the selected schools. Each of the devices (nodes)
developed by the Internet Society of Serbia® contains: Laser Particle Sensor (PLANTOWER Technology) for
detection of PM1, PM 2.5 and PM10; Digital Gas Sensor for Sulfur dioxide; Digital Gas Sensor for
Nitrogen Dioxide; PCB board with: ESP32 microcontroller, RGB LED, buttons, voltage converters and a USB-
C port on the board itself (manufacturer: JLCPCB); 3D printed box. At each location, three devices are
installed, which means that the network consists of 135 devices. Additional devices (5-10) are installed at the
Vinca Institute of Nuclear Sciences for continuous testing. A system of additional two components is further
designed: 10T (Internet of Things) platform and website. The 10T Platform is created to ingest, store, and
display data on air-pollution. The platform will also support basic visualizations, displaying PM, NO2 and SO2
concentration on a selected time scale. The 10T platform will be open-sourced, and API will be available for
accessing data via external sources. The public website will display real-time air-quality data at school sites,
and make collected data available to citizens. The Vinca Institute for Nuclear Sciences will conduct quality
assurance of the device and data by establishing protocols for testing and calibration of sensors and monitoring
data streams on 10T platform received from the air quality sensors device network. This experimental approach
will therefore contribute to establishing further evidence on the utility of low-cost sensor devices in multiple
micro-locations and offer solutions for managing data quality of a large network of unofficial air quality
measurement devices. It will also help facilitate teachers’ decision-making around daily school activities based
on indicative pollution levels and increase children’s awareness and knowledge to create future positive change
in social norms and behaviours, as well as policies over the long-term.

L A non-profit association active in the field of Internet communication and technologies (https://www.isoc.rs/about-
us/?lang=en).
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2.3 ASSESSING AIR POLLUTION FROM WOOD BURNING USING LOW-COST SENSORS AND
CITIZEN SCIENCE

N. Castell (1), M. Vogt (1), P. Schneider_(1) and S. Grossberndt (1)
(1) NILU — Norwegian Institute for Air Research, 2027 Kjeller, Norway, ncb@nilu.no

Summary This study aims to investigate how data from low-cost sensors mounted at residents’ households
can complement official monitoring and modelling of air quality and provide new information on local
pollutant concentrations, in this case, from residential wood burning. For this study we engaged with 20 citizens
that mounted a low-cost sensor monitoring PM2.5 in their houses from December 2021. Additionally, a
Kleinfiltergerét (KFG) providing measurement of fine particle mass concentration (PM2.5) was installed in the
garden of one of the houses for a period of 4 weeks from 21 January to 3 February 2021 and 17 February to 2
March 2021. The comparison between the KFG and the low-cost sensor shows a good agreement with a
coefficient of correlation of 0.8 for PM2.5 daily averages. The study shows that citizen-contributed data, when
data quality routines are in place, can contribute to in-situ environmental monitoring in urban environments.

Introduction Conventional monitoring systems as reference stations can provide accurate and reliable
pollution data in the urban environment, but only in single points. This data can be complemented using air
quality models to provide the spatial distribution of pollutants. However, to do so, air quality models rely on
emission inventories that, specially at local scale, suffer from many uncertainties. In this study, we investigated
how citizen science observatories and low-cost sensor technologies can contribute to fill in existing gaps in
pollution monitoring at high spatial and temporal resolution.

Methodology and Results During winter 2021 we engaged with residents in 3 neighbourhoods in Kristiansand
to monitor air pollution using low-cost sensor systems. For this study we employed 20 Airly sensor units
monitoring PM10, PM2.5, and PM1. The selection of the sensor system was based on their usability (i.e. easy
to be mounted by a regular citizen) and reliability. The Airly sensor systems integrate a Plantower 5003 and
showed a correlation of 0.6 against FIDAS optical reference-equivalent for PM2.5 and of 0.8-0.9 for PM1
hourly observations. The sensor does not accurately monitor coarse particles and has a correlation of 0.5 against
FIDAS for PM10 (Vogt et al., 2021). During the winter campaign (December to February 2021) we installed
a KFG (gravimetric method) measuring PM2.4

over a 24 h sampling interval. The KFG o o

gathered daily average concentrations for 4 Siba. o ‘ e
weeks. The comparison between the daily “0jwan:ssr . I ThellSen Estimate
average of PM2.5 from the KFG and the Airly e

unit showed a coefficient of determination of R%:079
0.8, a slope of 1.6 and a bias of 6 pg/m3 (Figure

1).

The diurnal pattern of the data collected with the g
sensors clearly showed two peaks, one in the
morning, around 7-8 and one in the evening N T
around 17-20. Those peaks were not picked up Fier sl

by the reference station in Kristiansand, that is located close to a road. However, they were very clear, specially
in the afternoon and in the cooler months in the residential areas where wood burning is employed. Pollution
levels from PM2.5 were especially high in one of the neighbourhoods that is located in a small valley.
Conclusions Low-cost sensors can complement tra