17th International Conference on
Indoor Air Quality and Climate
(INDOOR AIR 2022)

Kuopio, Finland
12-16 June 2022

Volume 1 of 3

ISBN: 978-1-7138-7181-1



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2022) by International Society of Indoor Air Quality and Climate (ISIAQ)
All rights reserved.

Printed with permission by Curran Associates, Inc. (2023)

For permission requests, please contact International Society of Indoor Air Quality and Climate (ISIAQ)
at the address below.

International Society of Indoor Air Quality and Climate (ISIAQ)
c/o Infinity Conference Group, Inc.

1035 Sterling Road, Suite 202

Herndon, VA 20170 USA

Phone: (703)-925-9455 x118
info@isiag.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web: www.proceedings.com



TABLE OF CONTENTS

VOLUME 1

EXPOSURE., HEALTH EFFECTS AND PERCEPTION

A Comparison of Retrieved Respiratory Viral Load Emitted by Infected SARS-CoV-2 Patients.............ceeunee. 1
Kwok Wai Tham, Kristen Coleman, Douglas Tay, Sean Ong, Kai Sen Tan, Don Milton, Ming
Hui Koh, Vincent Chow, Mark Chen, Paul Tambyah

A Study of the Seasonal Effect of Heart Rate on Human Thermal Sensation in Cold Regions ............ccc.ccevvenen. 3
Shujie Li, Xia Deng, Haoyue Feng, Haiyan Yan

Air Quality Measurements Versus Perceived Comfort and Health in Offices at Western Macedonia

Area, Greece During the Pandemic Period...........cocviviiiiiiiiiiiiic e 11
loannis A. Sakellaris, Giannis Papadopoulos, Thalia Xenofontos, Dikaia E. Saraga,
Evangelos 1. Tolis, Giorgos Panaras, John G. Bartzis

An Effect of Inhaled Temperature on Thermal Comfort, Perceived Air Quality, Acute Health
Symptoms and Physiological RESPONSES.........cuviieiiiiiiiiiiiseeieer s 13
Zhibin Wu, Pawel Wargocki, Nianping Li

Assessment of Airborne Particles and Bioaerosols Concentration and Their Health Impact in Seoul
SUDWAY. .1ttt 18
Shambhavi Sharma, Muhammad Jahanzaib, Duckshin Park

Association Between Total Volatile Organic Compounds and Building-Related Symptoms..............ccocovvvvnnne 21
Kayo Tsumura, Hiroko Nakaoka, Norimichi Suzuki, Yoshitake Nakayama, Kohki Takaguchi,
Chisato Mori

Associations of Microbial Exposures with Respiratory Infections in School Staff............c.ccccoiiiiiiininns 23

Ju-Hyeong Park, Angela Lemons, Tara Croston, Yeonmi Park, Jerry Roseman, Brett J. Green,
Jean M. Cox-Ganser

Bedroom Environment and Sleep Quality in an Experimental House in SUmMmer..........ccoccooovviinienieicninnnne 25
Kazuyo Tsuzuki, Yuki Nabeshima, Junko Kaku

Bedroom Ventilation in Relation to Sleep Quality: A Field Study in Denmark...........ccccoooiiiiiiiiicncine 27
Chenxi Liao, Xiaojun Fan, Mariya Petrova Bivolarova, Anna Mainka, Mizuho Akimoto,
Chandra Sekhar, Jelle Laverge, Pawel Wargocki

Building Material Emissions and Odour Perception: Perceived Intensity, Hedonic Note and
ACCEPEADIIIEY .ottt et 29
Alexandra Schieweck, Nicole Schulz

Can Indoor Environment Quality and Human Well-Being Be Improved by Wooden Structures? ..................... 31
Riina Muilu-Mdkeld, Ann Ojala, Jari Viik, Hanna Matilainen, Ida Wik, Linda Virtanen, Joel
Kostensalo, Anni Harju, Samuli Helama, Katja Butter, Martin Ohlmeyer

Can Machine Learning Predict High-Concentration Events Before They Happen? .........cccccocvvviiiiiiniiinenn 33
Jordan Clark, Ahmad Mohammadshirazi, Rajiv Ramnath



CO; Emission Rates from Humans When Sleeping and Awake. Impact of Environmental Factors

Pawel Wargocki, Mitsuharu Sakamoto, Xiaojun Fan, Kazuki Kuga, Kazuhide Ito, Jonathan
Williams, Gabriel Beko

Cytotoxicity Analyses of Environmental Samples — Main Findings from Different Studies

DIEVEIOPEA. ..ttt bR R R R Rt r R R R Rt Rt n e n e n e r e renne e 37
Carla Viegas, Renata Cervantes, Bianca Gomes, Marta Dias, Susana Viegas, Liliana Aranha
Caetanho

Does Gender Matter in Perception of Indoor Environmental Quality? Findings from a Swedish
INATLONAL SUIVEY ..tttk E e b e Rt e e e e e e Rt aRe e Rt e n e et e nennnenr e e nreenreenreennis 39
Theofanis Psomas, Paul O’ Sullivan, Sarka Langer, Despoina Teli, Pawel Wargocki

Driving Factors of Occupants’ Satisfaction with IEQ in a School Building...........cccovviniiiiniiiiiiiiies 47
Quinten Carton, Jakub Kolarik, Hilde Breesch

Effect of Hybrid Workstyles on Productivity of Workers in an Activity-Based Office..........cccoovvveiiiiiniininnns 55
Yuki Saito, Shusuke Takahashi, Shin-Ichi Tanabe, Mikio Takahashi, Kazuki Wada, Tomoko
Tokumura, Hiroki Takahashi, Kinuko Kuwayama, Jun Nakagawa, Jun Shinoda

Effects of Indoor Plants on Occupants’ Cognitive Functions: A Systematic Review ..........c.ccocvvivviiiiiiniinnnns 62
Soma Sugano, Miku Tazaki, Haruka Arai, Kazuya Matsuo, Shin-Ichi Tanabe

Endocrine Disruptive Disease Burden Attributable to Commonly Used Phthalates in China: An Up-
BOtEOIM ANALYSIS 1.ttt h bbbt e R R R R R e R R R Rt s e n e n e r e nr e ne e 70
Shanshan Shi

Endocrine Disruptors and Child Neurodevelopment — Research Questions and Study Design of

EDC(MIN)2 PIOJECE ...vviuiiieiiiitiie ittt sr e sr bbb r e 72
Joana Madureira, Maria Do Carmo Pereira, Jodo Jodo Paulo Teixeira, Dagmar Dzurovd,
Ivete Afonso, Stefano Bonassi, Hans Verhagen, Lidia Morawska, Klara Slezakova

Epigenetic Marks After Human Respiratory Epithelium Exposure to Volatile Organic Compounds

IMIEXEUTES ..ttt et steeste ettt saeeeae e bt e bt eabeeseees s e et e e nb e e sbe e eeem et 4ae e ea e e Rt 2 b e 2a bt 2m ke es b e eE e e eE e e AE e e ebe e meeemeeemeeebeeebe e beenbeenbanreens 74
Margueritta Al Zallouha, Philoméne Despréaux, Hervé Plaisance, Nathalie Costarramone,
Valérie Desauziers, Isabelle Momas, Sophie Achard

Exposure to Gas Stove Cooking and the Subsequent Nervous, Cardiovascular and Respiratory

RESPOIISES ..ttt 76
Motahareh Naseri, Seyedeh Mohadeseh Kazemitabar, Seyedeh Ayeh Esmaili Talesh, Sahar
Sadeghi, Milad Malekipirbazari, Mojtaba Jouzizadeh, Reza Khanbabaie, Dhawal Shah,
Flemming Cassee, Giorgio Buonanno, Luca Stabile, Mehdi Amouei Torkmahalleh

Exposure to Indoor PM; 5 and Perception of Air Quality and Productivity in an Office Building: An
INEEIVENTION STUAY ..ottt et e et h e Rt e bt et e s bt e s e n b e s b e e s be e nn e e e e e e e eneenne e 79
Jiaxu Zhou, Marcella Ucci, Gesche Huebner, Hong Wang

Fatigue Effected by Masking Sound Environment and Task Types: A Laboratory Experiment................c.co..... 85
Yuanyuan Zhang, Dayi Ou, Shenxian Kang, Guanhua Qu

Fungal Diversity and Quantity in House Dust and Wheezing Phenotypes..........cccuoverveiiiiiiienienienieiesenens 91
Anne M Karvonen, Martin Tdubel, Jonna Jalanka, Pirkka V. Kirjavainen, Pauli Tuoresmdiki,
Eija Piippo-Savolainen, Anne Hyvdrinen, Juha Pekkanen

Gender Differences in Psychological Responses and Eye Movements for Biophilic Rooms ..........ccccccovveneene 93
Miku Tazaki, Soma Sugano, Ryo Nitta, Mayumi Ohba, Shusuke Takahashi, Shin-Ichi Tanabe



Health Impact Assessment of Energy Renovations on Irish Domestic Dwellings (HAVEN) ..o 101
Nina Wemken, Edel Doherty, James McGrath, Asit Kumar Mishra, Hilary Cowie, Victoria
Hogan, Marie Coggins

Health Risks Factors During Moisture Damage INVeStigations...........covviriiireeiienienisese e 103
Sirpa Rautiala, Tuula Réisdnen, Marika Lehtola, Pirjo Korenius, Kari Salmi, Sanna
Lappalainen

IAQ and Residents’ Health Before and After Renovation — The Danish HOME-Health Study ..........ccccccoenie 111

Charlotte Gabel, Grethe Elholm, Mia Kruse Rasmussen, Thea Hauge Broholt, Steffen
Petersen, Torben Sigsgaard

IAQ Parameter Correlations with the Toxicity and Inflammatory Potential of Settled Dust............ccccceevvrenene 119
Minna Kempe, Kati Huttunen, Martin Tdubel, Ulla Haverinen-Shaughnessy

Impact of Repeated Exposure to Indoor Dust on Human Macrophage Polarization Profile .............ccc.ceovenee. 121
Marie Lelong, Carine El Hajjar, Ivannah Pottier, Véronique Andre, Valérie Lecureur

Impact on Indoor Air Quality and Volatile Organic Compound Exposure to Consumers from Coffee............ 123
Rileigh L Robertson, Mitchell Thompson, Pawel K Misztal

Indoor Air Quality and Job Satisfaction in Open Plan Offices with Textile Flooring ............ccocovviirieivnnennn. 130
Joonas Ruokolainen, Antti Karjalainen, Marko Hyttinen, Pertti Pasanen

Indoor Climate and Air Quality: Does Occupants’ Assessment Reflect the Measured Conditions? ................ 132
Despoina Teli, Theofanis Psomas, Sarka Langer

Indoor PM and Health - Recent Insights from the National Academy of Sciences........cccoovvvvrivirierieerieenennnn. 139
David Alan Butler
Influence of Indoor Air Quality on Sleep Quality of University Students in Lisbon.........cccccoovvvveieninicnninnne. 142

Nuno Canha, Jodo Ramos, Joana Belo, Dario Silva, Carlos Diogo, Susana Marta Almeida

Inhalation Intake Fraction of Particulate Matter Associated with Human Endogenous and
EXOZENOUS EIMISSIONS ... vttt sttt et e e ae e abe e en e n e b e s e s e sr e e nreenneennas 144
Marouane Merizak, Dusan Licina

Investigation of Indoor Mould Area in French Dwellings: The Constances Cohort..........c.ccoovevervenincnennene. 146
Tajidine Tsiavia, Emile Frealle, Valérie Bex, Orianne Dumas, Marcel Goldberg, Nicole Le
Moual, Marine Savoure, Raphaelle Varraso, Marie Zins, Benedicte Leynaert, Laurent Orsi,
Rachel Nadif

Lessons Learned in the Design of Healthy Indoor ENvironments ............ccocvivieeieienininesiseeee e 148
Simi Hoque, Mary Alcaraz, Abby Duncan, Rachel McCarthy

Measured and Perceived IEQ Under Different Ventilation Strategies in Swedish Classrooms.............c..e.ee.e. 150
Blanka Cabovska, Natalia G. Vasquez, Despoina Teli, Jan-Olof Dalenbdick, Gabriel Beko,
Pawel Wargocki, Lars Ekberg, Sarka Langer

Methodology Development for the Characterization of Toxicological Risks Related to Particulate

Pollution in Underground SEAtIONS ...........oceiiirireiieieie et 152
Ambre Delater, Brice Berthelot, Laurent Meunier, Sébastien Fable, Matheus De Mendonca
Andrade, Manon Plumail, Ghislaine Lacroix, Isabelle Coll, Jessica Queron

Natural Versus Mechanical Ventilation: A Tale of Two Hospital Wards...........ccccceiiniiiiininncic e 158
Thomas Zitterl, Matthias Wilhelm Schuss, Christiane Berger, Ardeshir Mahdavi



Ozone Versus Ozone Reaction Products: Which is Responsible for Cardiorespiratory Effects? ..................... 166
Junfeng Jim Zhang, Linchen He, Charles Weschler

Partitioned Particulate Data and Health Risk Quantification of Metal Content in Mixed Residential
Areas Of NOTtHETN INAIA........oiiiiieiiiicee ettt e ettt be e bt et e e sbe e s besreesteesbeeneeaneas 168
Ajay Taneja, Himanshi Rohra

Perceived and Measured Indoor Environment Quality in Remote Work Offices.........cccoovniiiiiniiiiiinininnn, 171
Maija Leppdnen, Heta Mustonen, Katja Holm, Piia Kauhanen, Pirjo Hakkarainen, Tuula
Oksanen, Marko Hyttinen, Pertti Pasanen

Personal Exposure to Air Pollutants During Everyday Activities of Hybrid Office Workers in the

Leonidas Bourikas, Alejandro Moreno Rangel, Joanna Goldthorpe

Quantification of Harm Due to Formaldehyde Exposure in a Multi-Zone Simulation ...........c.cccocevivereenennnn. 179
Klaas De Jonge, Janneke Ghijsels, Louis Cony, Jelle Laverge

Quantitative Health Impact Assessment Applied to Schools’ Indoor Pollution: A Tool to Convince

o) FTe N B 11 1 Lo 0 13 Lo PR U TP PRSI 181
Marion Hulin, Marie-Laure Bidondo, Magali Corso, Pauline Delezire, Marie-Christine
Delmas, Sabine Host, Mathilde Pascal, Vérene Wagner, Sylvia Medina

Reactions to Indoor Air: What, Why and HOW? ... s 183
Steven Nordin

Residential Dampness and Mold Problems and Asthma Control Among Adults with Asthma........................ 191
Maritta S. Jaakkola, Henna Hyrkids-Palmu, Jouni Jaakkola

Respiratory Characteristics During Smoking and Its Numerical ANalysis.........cccooviivirienieniniinienee e 193
Jaeung Hwang, Sihwan Lee

Risk, Burden of Bladder Cancer and THMs Exposure from Water Disinfection in Indoor

SWIMMING POOLS.....couiiiiiiiii et 197
Carla Costa, Ricardo Assun¢do, Diana Sequeira, Filipa Esteves, Jodo Paulo Teixeira, Joana
Madureira

Role of House Dust Microbiota in Health Benefits of Dog Keeping ..........ccccvvveeiinininiiiiniccenese e 204

Jenni M. Mdki, Pirkka V. Kirjavainen, Martin Tdubel, Eija Piippo-Savolainen, Katri
Backman, Juha Pekkanen, Anne Karvonen

Schools’ Indoor Air Associated with Childhood Asthma: Evidence from a Multipollutant Approach............. 206
Pedro T. B. S. Branco, Maria C. M. Alvim-Ferraz, Fernando G. Martins, Sofia I. V. Sousa

Set-Up of a Pregnancy Cohort in Luxembourg with Offspring FOIIow-Up ........c.cccooiiiiiiiiiiiiiincnes 208
Alicia Borras-Santos, Gladys Langue, Fay Betsou, Jean-Raymond Guillard, Laura Féry,
Carole Eicher, Laurence Wurth, Anne Vergison, Radu Duca, An Van Nieuwenhuyse

Smart Stove Hood with Embedded Sensors: A Student Project .........cocvviiiiieiieiecece e 210
Guillem Domeénech-Gil, Jennifer Silander, Linda Skoglund, Bastien Bégon, Olivia Gronlund
Falk, Mdrta Hakansson, Victor Rutberg, Felix Valentin, Martin Forsgren, Shigi Guo, Tristan
Dettke, Wuji Lyu, Zahra Mohammadianrasnani, Amaia B. Ortega Santos, Jose G. Martinez,
Jens Eriksson, Donatella Puglisi



Smartwatch-Based Ecological Momentary Assessments for Occupant Wellness and Privacy in

BUILAINES ..ttt ettt h e bt s e e R et e R e R e e R e e Rt Rt RE R e Rt e R e e Rt s R e R e reenreenreennas 212
Clayton Miller, Renee Christensen, Jin Kai Leong, Mahmoud Abdelrahman, Federico
Tartarini, Matias Quintana, Andre Matthias Miiller, Mario Frei

Student-Perceived Indoor Environmental Quality and Well-being of Students - Cross-Level
Interaction Effects 0f SChOOL CLIMALE........uiiiiiiiiciiiiiii ettt e e s s et r e e e s s e s b e e e s e e s s s sbbbaeeeeeesssarbeeees 220
Eerika Finell, Asko Tolvanen, Jenni Helenius

Students’ Perception of the School Indoor Environment............cccccoviiiiiiiiiiiiiiisceee s 222
Silvia Vilcekova, Eva Kridlova Burdova, Katarina Harcarova

Studying the Efficiency of Air Cleaners at Removing Various Indoor Air Impurities in Classrooms.............. 231
Hanna Leppdnen, Taina Siponen, Kaisa Jalkanen, Miina Juntunen, Pekka Taimisto, Tarja Yli-
Tuomi, Martin Tdubel, Anne Hyvdrinen

Surveillance in Schools and Day-Care Facilities Following Health Complaints in Luxembourg.................... 235
Gladys Langue, Laura Fery, Jean-Raymond Guillard, Alicia Borras-Santos, Daniel Alvarez-
Vaca, Matteo Creta, Carole Eicher, Laurence Wurth, Anne Vergison, Radu Duca, An Van
Nieuwenhuyse

The Biological Effects of Repeated Exposure of NHBE Cells to Indoor Dust............ccccvvvviniiicicniiiinie, 238
Carine El Hajjar, Ivannah Pottier, Tiphaine Rogez-Florent, Virginie Seguin, Véronique Andre

The Effect of Retina Mean Sensitivity Under Artificial Lighting on Visual Comfort...........c.ccccevenininnnnnne. 244
Guanhua Qu, Lei Ren, Gang

The Effects of Bedroom Window/door Opening on Bedroom Air Quality, Sleep Quality, and Next-

Day WOTK PEerfOrmAanCe ..........ccooieiiieiiiieiie ettt sttt e e bt e bt e bt et e s b e beesbeenbeenneennas 249
Xiaojun Fan, Chenxi Liao, Mariya Petrova Bivolarova, Anna Mainka, Jelle Laverge, Chandra
Sekhar, Mizuho Akimoto, Li Lan, Pawel Wargocki

The Effects of Personal Control of Light Color on Thermal Perceptions...........ccccooevirerieninieniieneninene e 251
Wei Luo, Rick Kramer, Maaike Kompier, Karin Smolders, Yvonne De Kort, Wouter Van
Marken Lichtenbelt

The Impact of Indoor Carbon Dioxide on Human Cognition, Behaviour, and Metabolic Health..................... 253

Stefan Flagner, Guy Plasqui, Steffen Kuenn, Thomas Meissner

The Indoor Environment in Danish Classrooms and Its Assocation with Pupil Wellbeing and
S 0] 0 0T Lot TSSO URTOUSURTI 255
Jorn Toftum, Geo Clausen

The National Healthy Homes Partnership: An Education Program for Consumers and Stakeholders............. 257
Michael Edward Goldschmidt, Kandace Fisher-McLean, Pamela Turner

Towards Enabling Accurate Evaluation of Inhaled EXPOSUIE ..........ccccooiiiiiiiiicicii e 265
Zhengtao Ai, Jie Zong, Wojciech Kierat, Arsen Melikov

Whole Communities-Whole Health: A Holistic Study of Families and Home Environments ..............ccc..c..... 274
Kerry Kinney, Juan Pedro Maestre, David Jarma, Darla Castelli, Zoltan Nagy, Christine
Julien, David Schnyer, Melissa Miller, Frances Champagne, Hagen Fritz



THERMAL COMFORT

A Controlled Experiment on People’s Disposition and Thermal Comfort ............cccceviniiiniiiiicniiii 276
Ricardo Forgiarini Rupp, Cecilie Jakob Fischer Jorgensen, Cecilie Marie Truelsen, Jorn
Toftum

Acceptable Environmental Conditions for Working in Semi-Outdoor Space in the Tropics...........ccccvvrvernene 278

Kuniaki Mihara, Shisheng Chen, Takamasa Hasama, Chun Liang Tan, Jason Kai Wei Lee,
Nyuk Hien Wong

Adaptive Thermal Comfort Survey in Japanese APartment .........c.ccevvvviiiiiiiiinien e 280
Kazuya Matsuo, Soma Sugano, Jungmin Kim, Miki Takaki, Shusuke Takahashi, Toru Shiba,
Shin-Ichi Tanabe

Bayesian Inference for Predicting Occupant Satisfaction in Workplace from Indoor Environment
QUALIEY .ttt R R R R R Rt r e r e r s 286
Yuta Fukawa, Mayumi Ohba, Shin-Ichi Tanabe

Bedroom Environment and Sleep Quality in a Hot-Humid Climate ...........ccoovevviiiiiiniinieecee e 294
Mizuho Akimoto, Shu Takemoto, Ken Ikai, Daiki Takehara, Yusuke Tomizawa, Kazuyo Tsuzuki,
Arsen Krikor Melikov, Pawel Wargocki, Shin-Ichi Tanabe

Building Wellness Performance and Workers’ Satisfaction...........cccovvviiininiiinieisrcnesceeee e 296
Masanari Ukai, Yuto Chimoto, Shin-Ichi Tanabe

Effect of Activity Status on Thermal Comfort During Extremely Cold Exposure. ..........c.ccoovviininiicnenneennn, 304
Sishi Li, Bin Cao, Yinxin Zhu

Effect of Air Quality Satisfaction on Thermal Comfort Under Different Heating Modes..........cc.cocvvvveriinnennns 311
Linxiao Xie, Haiyan Yan, Meng Li, Dongyu Lu, Cheng Cheng, Fangning Shi

Elderly People Thermal Sensation with Three Local Cooling Devices in Warm Conditions............cccoceervennee. 319
Minzhou Chen, Simo Kilpeldinen, Azin Velashjerdi Farahani, Risto Kosonen, Ru Ming

Electric Radiant Ceiling Panels as Main Heating System: Field Measurements and Survey............cccoeeevuennee. 327
Twan Van Hooff

Evaluation of Heat Stress Effect on Health in Dwellings Using Thermophysiological Model ........................ 335
Jean-Marie Alessandrini, Wenjuan Wei, Mohamad E! Kadri, Simon Molesin, Thomas
Dominati, Jacques Ribéron, Charles Pelé, Corinne Mandin

Evaluation of Indoor Thermal Environment in the Office Room of a Public Building with Radiant
AT CONAILIONINE. ...ttt h et e e bbb e bt e e e s bbb bt e e e e b sn e er e b 343
Rina Yamasaki, Katsuaki Hidari, Yoshimi Takahashi, Tatsuo Nobe, Koki Ogino

Field Investigation on Thermal Environment and Comfort of People in Offices During Post-
Heating Season in Cold CIHMALE. ..........oiuiriiiiiiieiei et nr e nenresn s 351
Bingbing Liu, Haiying Wang, Baowei Ge

Impact of Occupancy Schedule on Building Anthropogenic Heat EMission ............cccovviiininiicicniicnniee, 358
Yiging Liu, Zhiwen Luo, Sue Grimmond

Indoor Humidity in Finnish Schools in Cold S€aS0M ..........c.ceiiiiiiiiiiiiiine s 360
Pentti Kuurola, Timo Schreck, Filip Fedorik, Ulla Haverinen-Shaughnessy



Indoor Thermal Environment and Human Thermal Adaptation in Split Air Conditioned Buildings ............... 362
Zhen Sun, Haiyan Yan, Mengru Dong, Jingyuan Gao, Fangning Shi, Guodong Yuan, Meng Li

Influencing Factors of Perceived Control in Summer College Dormitory in Cold Region of China............... 370
Dongyu Lu, Haiyan Yan, Fangning Shi, Linxiao Xie, Cheng Cheng

Investigation on Clothing Ensembles and Thermal Environment of Working Adults in Indonesia ................. 378
Sri Rahma Apriliyanthi, Akhlish Diinal Aziiz, Tomonori Sakoi, Tetsu Kubota, Mochammad
Donny Koerniawan, Taiga Takiguchi, Muhammad Nur Fajri Alfata, Fefen Suhedi

Recognising the Cognitive Functions Involved in Productivity Loss Associated with Temperature
CRAIEZES ...ttt h bt bkt E R R R R R R e R R R R R R R R Rt Rt e n e n e n e nenns 380
Sharareh Ghanbari, Kaveh Heshmati, Daniel Maskell, Antony Darby, lan Walker

Research on the Thermal Sensation and Comfort Zone of Indoor Sitters in Direct Sunlight in
WVIIET 1.t e 389
Guodan Liu, Wenbin Li, Meijie Qiao, Shuwei Liang, Gang Wang, Shimin Liang, Zhixin Wang

Study on Operation Status Survey of Thermal Controllable Chairs...........ccocuvieiiininiiiniiee s 405
Shintaro Hanazono, Tatsuo Nobe

The Relationship Between Thermal Sensation and Facial Skin Temperature with Varying Air
3300 1S) 10 (o ST PU PP 407
Xiaoyu Tian, Weiwei Liu, Pawel Wargocki

Thermal Comfort Analysis in Office Rooms Served by Low Temperature Heating Systems...............ccocvevenne. 409
Narges Hassani Pour Mahani, Behrouz Nourozi, Sasan Sadrizadeh, Omid Abouali, Annika
Gram

Thermal Comfort Evaluation Index Based on Seasonal Changes in Cold Regions: A Case Study in
210321 o SR 415
Jingyuan Gao, Haiyan Yan, Meng Li, Zhen Sun, Fangning Shi, Guodong Yuan

Thermal Conditions and Associations with Divergent Creative Thinking Scores in Office
BNVITOMIMEIES. ... .uiiiiiiii ettt e ettt e e et e e e st e e e e bee e e eateeeessbeeeeaateeeeasbeeeessbaeesantaseessbeaesasbaeasansneeenanees 423
Sandra Joanne Dedesko, Emily Rose Jones, Joseph Gardner Allen

Thermal Measurement in Insulation-Retrofitted, Downsized House in Cold Region of Japan.............c.cc....... 425
Haruka Arai, Kanako Fujii, Soma Sugano, Yuta Fukawa, Jun Nakagawa, Shin-Ichi Tanabe

Tri-Balancing: Personalized Adaptation to Neutralize Individual, Spatial and Temporal Thermo-
PRYSIOIOZICAL VATIANCES ... ittt sttt et et s e en e bt e bt enr e nreenneennas 433
Xinyuan Ju, Yi Ju, Bin Cao, Yingxin Zhu, Bin Liu

Variability of Thermal Comfort and Energy Consumption by Introducing Working from Home.................... 441
Ryosuke Onoda, Mayumi Ohba, Hiromasa Tanaka, Koki Toyomura, Hisataka Kitora, Shin-
Ichi Tanabe

Ventilation Alone Fails to Prevent Overheating in a Nordic Home Field Study ........ccccccooveiiniiiiciciicien, 449
lan Garman, Magnus Mattsson, Tomas Persson

EMISSIONS AND INDOOR CHEMISTRY

A Study of the Experiment of Indoor Air Pollutants Emitted from Infant Products Based on WELL
Certification StANAATAS .........cviiiiiie ittt et ae e ebe e sb e e be e be e s be e s e e s beesbeenbeeneeeneas 451
Cheng Chen Chen, Ko Chien Liu, Chieh Hung Lin, Kao Szu Lee, Yi Cheng Lee



Characteristics of TCPP Emission from Upholstered Furniture in Offices ..........cccccvvniiiiiiniiiicicniiie,
Herve Plaisance, Gaélle Raffy, Barbara Le Bot, Emilie Bossanne, Clemence Rawas, Pierre
Cardin, Valerie Desauziers

Characterization of Human Exposure to VOCs Produced from Bleach and Hydrogen Peroxide

D 4D Tt 7Y LRSS
Daniel Blomdahl, Leif Jahn, Nirvan Bhattacharya, Pearl Abue, Mengjia Tang, Atila
Novoselac, Lea Hildebrandt Ruiz, Pawel Misztal

Characterizing the Fabric-Air Partition Behavior of Volatile Organic Compounds by Thermal
D TT0 4 12 ) WU U TP PRPR
Jie Yu, Frank Wania, Jonathan P. D. Abbatt

Chemical Characterization of Ultra-Fine Particles Released from Laser Printers........ccccccooveeeeiiieeiiiineeccneen..
Olaf Wilke, Stefan Seeger, Doris Brodner, Kerstin Erdmann, Fabian Rasch

Chemical Emissions from Polyurethane Spray Foam (SPF) ..o
Francis Offermann

Comparison of Different Test Methods to Determine Air Concentrations of VOCs from Consumer
PLOUCES ...ttt b ettt bt bt e bt e s bt e b b e e b e e e E e e ek e oAt e b e e ARt R e e R e e bt e b e R b e e Reenheenbeeneeennas
Doyun Won, Wenping Yang, Wing Yan Chan, Cathy Campbell, Angelika Zidek

Convolution-LSTM-based Prediction Model of Multimodal Indoor Air Quality Data.............cccooerivervnnnnnnn.
Hoyeon Jeong, Yeonjae Park, Tae-Hwa Go, Jun Hyuk Koo, Youhyun Park, Se Hwa Hong,
Sung Hwa Kim, Jaehun Han, Yong Whi Jeong, Woo Seok Jang, Kise Kim, Dae Ryong Kang

Desktop 3D Printers as Indoor Chemical and Ultrafine Particle Sources...........cccccovvviinininiiiniincnin
Antti Viisdnen, Lauri Alonen, Marko Hyttinen

Development of a Generic Method for Non-Targeted Analysis of Indoor Dust with Comprehensive
High-1esolution Mass SPECLIOMEIIY ........civiiririeiiieiieieie sttt et b e r bbb nrenne e snenes
Zidong Song, Meng Shi, Ying Xu

Development of a Procedure for the Analysis of the Emissions of VVOCS..........cccocoiiiiiiniiiiieicin
Morgane Even, Elevtheria Juritsch, Matthias Richter

INCHEM-Py: Results and Analysis from the Indoor Chemistry Box Model.........cccceviveiiniivniniieiee e
David Shaw, Toby J. Carter, Ellen Harding-Smith, Helen Davies, Nicola Carslaw

Effects of Applying Alcohol to Wood on Acetaldehyde Emission ..........cccovviiiiiiiiiiniiincneeee
Kosuke Ikeuchi, Nami Akamatsu, Marina Inasaka, Soma Sugano, Hyuntae Kim, Shin-Ichi
Tanabe

Effects of Classroom Cleaning on Student Health .............ccocoiiiiiiiiiiiic e
Richard Shaughnessy, Mark Hernandez, Ulla Haverinen-Shaughnessy

Effects of Various Respiratory Activities on Human Aerosol EMiSSions .........cccccccviiinienieniniinienee e
Anna Tuhkuri Matvejeff, Sampo Saari, Topi Rénkko, Jani Hakala, Aimo Taipale, Niina
Kuittinen, Ville Silvonen, Paavo Heikkild, Lotta-Maria Oksanen, Enni Sanmark, Anne-Maria
Laukkanen, Paavo Alku, Ahmed Geneid

Efficiency of UVC Radiation as an Air Disinfectant in a Real Environment .............ccocoeeiieiiiiiinienneeneenne.
Wolfgang Karl Hofbauer, Michael Baf3ler

Emerging Science on Indoor Chemistry: A U.S. National Academies StUAY .........ccccerierieiiniinienieeneeseee,
David C. Dorman, David C. Dorman



Emission of Volatile Organic Compounds (VOCs) from Buildings Containing Bio-Based Insulation
IMALETIALS ...t 514
Tamara Braish, Liselotte Tinel, Vincent Gaudion, Cécile Caudron, Nadine Locoge

Emission Rate of Carbon Dioxide in Elderly Subjects While Sleeping .........cccccooevirininiininiieiennene e 516
Yan Yan, Li Lan, Mengyuan Kang, Haodong Zhang, Yuxiang Sun

Emission Rates of Reactive Oxygen Species (ROS) from Indoor Surfaces ..........ccccevvniiiniiiniciiininc, 523
Azin Eftekhari, Brent Williams, Claire Fortenberry, Michael Walker, Audrey Dang, Glenn
Morrison

Emissions of Cleaning Products and Care Products Used in NUISETIES .......cccceveverviriinireninecieenennese s 525

Melanie Nicolas, Pierre Bonnet, Corinne Mandin

Emissions of Microbial Volatile Organic Compounds from Indoor Mold in Response to Light...................... 527
Benjamin Marshall, Sarah Deek, Paulien Aerts, Amanda Stickney, Alexa Bakker, Allen
Goldstein, Rachel Adams, Karen Dannemiller, Kerry Kinney, Atila Novoselac, Juan Pedro
Maestre, Ardeshir Moftakhari, David Jarma, Pawel Misztal

Emissions of Volatile Organic Compounds from Floor Coverings and Influence of Ageing.............c.ccoevvvnee. 529
Nathalie Costarramone, Heélene Garay, Hervé Plaisance, Chistophe Cantau, Valérie
Desauziers

Evaluation of IAQ in Residential Buildings in Cold Regions with PM Measurement............c.cccocereereennennnn. 535

Satoshi Oike, Taro Mori

Evaluation of Indoor Air Quality and Carbon-Neutral Contribution of Wood Finishing Remodeling............. 543
Seong Jin Chang, Su-Hwan Yeo, Jinyoung Park, Haedeun Park

Fugitive Aerosols During Respiratory Therapy: Can Nebuliser Type Reduce Exposure? ..........c.cccocvvrvenennnn. 545
Ciarrai O’Toole, James A. McGrath, Marc Mac Giolla Eain, Mary Joyce, Ronan
Macloughlin, Miriam A. Byrne

Gaseous and Ultrafine Particle Emissions from Heating Constituents of Vaporizable Cannabis
(01011 101S) 113 &2 L T P T P TR T PP PO PRPPPPPRPPN 547
Xiaochen Tang, Vi Rapp, Marion Russell, Lara Gundel, Brett Singer, Hugo Destaillats

Hair Styling is a Major Indoor Source of STlOXanes ...........cvviiiiiiiieninese e 549
Jinglin Jiang, Xiaosu Ding, Satya S. Patra, Chunxu Huang, Emily Reidy, Paige Price, Vinay
Kumar, Sarah M. Palmer, Maisha Mumtaz, Jose R. Monterroso, Antonios Tasoglou, Heinz
Huber, Philip S. Stevens, Brandon E. Boor, Nusrat Jung

Heterogeneous Ozonolysis of Delta-9-Tetrahydrocannabinol in Thirdhand Cannabis Smoke..............cc..c..... 551
Kristen Kayan Marie Yeh, Jenna Ditto, Jonathan Abbatt

High Time-Resolution Monitoring of Volatile Organic Compounds During Multi-Surface
Disinfection Activities in Buildings with PTR-TOF-MS ..........cccccoiiiiiiiiiie e 553
Xiaosu Ding, Jinglin Jiang, Antonios Tasoglou, Heinz Huber, Amisha D. Shah, Nusrat Jung

Human Skin Oil: A Major Ozone Sink INAOOTS ........cuiiviiiiiieiieiiee e 555
Charles J. Weschler, William W Nazaroff

Human VOC Emission During Physical EXEICISe.........ccciiiiiiiiiiiiiiiiieeeeee e 557
Lisa Ernle, Nijing Wang, Gabriel Beko, Tatjana Miiller, Pawel Wargocki, Charles J. Weschler,
Jonathan Williams



Humans Generate High Concentrations of Hydroxyl (OH) Radicals When Exposed to Ozone ...................... 559
Nora Zannoni, Pascale Lakey, Youngbo Won, Manabu Shiraiwa, Donghyun Rim, Charles
Weschler, Nijing Wang, Lisa Ernle, Mengze Li, Gabriel Beko, Pawel Wargocki, Jonathan
Williams

Impact of an Ozone Pollution Event While Diffusing Essential Oil Indoor..........ccccoviviiiiiniiiininee 561
Florent Caron, Marie Verriele, Manolis Romanias, Melanie Nicolas, Frederic Thevenet

Impact of Building Material Based Pahs on Indoor Air Quality -A Retrospective Study ..........ccccoeviiinnnnene. 563
Evgeny Parshintsev, Jarno Komulainen

Impact of Formaldehyde Releasers on IAQ : Quantification in Household Products. ............ccccevenininnnnnne. 569
Gabriel Rossignol, Fréderic Thevenet, Marie Verriele, Mélanie Nicolas

Impacts of Cleaning on Indoor Air Quality: Regular Versus ‘Green’ Cleaning Products............cccccoviirinnenne. 571
Ellen Harding-Smith, Catherine O’ Leary, Marvin Shaw, Nicola Carslaw, Helen Davies, Terry
Dillon, Archit Mehra, Gavin Phillips, Lei Ye, Benjamin Jones

Effect of Dust Formation on the Fate of Indoor Phthalates: Model Analysis............cocovvriiiniiiieicnincneie, 573
Lingyi Kang, Sijing Wu, Xinke Wang, Runjie Li

Indoor Air Chemistry of Applications of Ultraviolet Air CIEANerS.........cvevvvivriiinieiieneeseees e 581
Tianren Wu, Dusan Licina

Indoor Air Pollution from Building Materials: Does the Regulation of Emission Threshold Values
ENSUIE GOOA TAQ? ...ttt b ettt h bbbt e bt e b e e bt e et e h b e ehe e eb e e bt e s bt e nbe e b b e sbeesbeenbeeneeennas 583
Violeta Kauneliene, Aurimas Tulas, Ana Maria Scutaru, Dainius Martuzevicius

Indoor Ammonia and Amines: A Need for Quantitative Passive Sampling............cccooveviiiiininiininniec e, 585
Leyla Salehpoor, Leigh Crilley, Trevor Vandenboer, Hongyu You, Morgan Macneil, Corinne
Stocco, Jocelyn Moore, Christie Cole, Ayah Abdul- Hussein, Ryan Kulka

Indoor Chemical Exposures in Secondary Schools post-COVID-19 Pandemic: A Cohort Study of

New Work-Based Learning Teachers in New Jersey, USA .......cccciiiiiiiiiiiiinii e 587
Derek G. Shendell, Maryanne L. F. Campbell, Juhi Aggarwal, Lauren N. Gonzalez, Kimberly
Nguyen, Koshy Koshy

Indoor New Particle Formation in a Modern Office ENVITONMENT .......uvviiiiiiiiiiiiieeieeciiieieee e 589
Tianren Wu, Antonios Tasoglou, Heinz Huber, Philip S. Stevens, Brandon E. Boor

VOLUME 2

Indoor PM, TVOCs, and Formaldehyde Concentrations in Studio Flats by Household Activities................... 591
Jahanzaib Muhammad, Shambhavi Sharma, Duckshin Park

Influence of Environmental Factors on the Performance of Tube-Type Diffusive Samplers.............cccccrvrnnne. 593
Yan Wang, Jinhan Mo

Investigating Primary Emissions and Secondary Chemistry Following Cooking..........c.ccocvvvvivicieninininnnne, 595
Catherine O’Leary, Helen L. Davies, Archit Mehra, Ellen Harding-Smith, Lei Ye, Marvin
Shaw, Terry J. Dillon, Gavin Phillips, Benjamin Jones, Nicola Carslaw

Kinetic Multilayer Modeling of Indoor Surface Chemistry: Organic Film Formation, Bleach
Cleaning Chemistry and Surface INtEractions ...........c.ccoiiiiiiiiiii i 597
Manabu Shiraiwa, Pascale Lakey



Measurements of Total Reactive Nitrogen Budget in a Commercial Kitchen............ccccooviiiiiiiiniiiiin, 599
Leigh Crilley, Melodie Lao, Leyla Salehpoor, Jenna Ditto, Jonathan Abbatt, Arthur Chan,
Cora Young, Trevor Vandenboer

Measurements of Volatile Organic Compounds from Human Breath ............ccccooeiiiiniiiiiice, 601
Sarah Ahmad Deek, Margarita Palacios, Maribel Hernandez, Daniel Blomdahl, Omar
Amador Murioz, Pawel K. Misztal

Method Development to Investigate Temperature Effects on Chemical Emissions from Personal

Care Products Using a Robotic Arm and Heated GIass.........ccoovvvviiiiiiiiiiiiiiici s 603
Doyun Won, Liliana Gaburici, Sador Brhane, Cathy Campbell, Wing Yan Chan, Angelika
Zidek

Modeling Emissions of Chemicals from Liquid Products Applied on Indoor Surfaces ...........cccccevvrenininnnne 612

Wenjuan Wei, John Little, Olivier Ramalho, Corinne Mandin

Modeling Secondary Emissions from Ozone and Hydroxyl Radicals-Initiated Reactions............cccoccervernennn. 614
Zhenlei Liu, Jialei Shen, Bing Guo, Jianshun Zhang

Nanocluster Aerosol Emissions from Ozone Reaction with Human Skin Lipid Compounds.............c.cceveneee. 622
Shen Yang, Tianren Wu, Dusan Licina

New Method to Determine Gas-Phase Concentration of Phthalate Emitted from PVC Floorings................... 624
Abigaél Souillier, Hervé Plaisance, Valérie Desauziers

Nicotine Sorption to Clothing Treated with Fabric Softener............ccoovviiiiiiiiiiie 632
Maneerat Ongwandee, Thabtim Chatsuvan, John Morris

Novel Measurements of Human Indoor EXPOSOME.........cccviiiiiiiiiiiiiiiiieneseeee e 634
Pawel Misztal, Daniel Blomdahl, Sarah Deek, Leif Jahn, Rileigh Robertson, Chou-Hsien Lin,
Benjamin Marshall, Mitchell Thompson, Paulien Aerts, Anna Neville, Atila Novoselac, Kerry
Kinney

Odour Emissions from Building Products — Simplifying the Evaluation of Perceived Intensity ..................... 636
Simone Brandt, Frank Brozowski, Wolfgang Horn, Wolfgang Plehn, Birgit Miiller

Online Measurement of Volatile Organic Compounds in Human Breath Under Ozone Exposure................... 639
Nijing Wang, Tatjana Miiller, Lisa Ernle, Gabriel Beko, Pawel Wargocki, Jonathan Williams

Organic Pollutants in Museum Environment and Their Relationship with Iron Corrosion...........ccc.cccevvnnnne. 641
Xiaopeng Ren, Yazheng Wang, Luyang Wang, Yujie Fan, Kai Liang, Yuning Li, Quanyu Wang,
Ying Xu

Peroxide Formation During Exposure of Skin Surface Lipids to OZone...........ccoveviriniriiiinecienennese e 643

Ryan Peter Moravec, Zhenduo Yao, Glenn Morrison

Principal Component Analysis of VOC Emissions from Hidden Mould Growth ...........ccccocviviiininiiiinne 645
Vuokko Lappalainen, Jouni Sorvari, Elina Sohlberg, Pertti Pasanen

Properties of New Vegetal Concretes from an IAQ Point of VIEW........ccccvviiiiiiiiiiinseceeeee e 647
Cedric Perez, Christine Lors, Liselotte Tinel, Marie Verriele, Nadine Locoge, Frederic
Becquart

Quantifying VOC Emissions and Transdermal Uptake from Sunscreen ............cccuvervenieiiniiniinin s, 649

Paulien Aerts, Pawel K. Misztal



Quantum Chemical Calculation of Partition Coefficients for Environmentally Relevant Organic
L0703 001070101 1 e -SSP URTEPRUUPU PR PRSI 651
Tunga Salthammer, Stefan Grimme, Marcel Stahn, Uwe Hohm, Wolf-Ulrich Palm

Reactive Uptake of Formaldehyde on Lime-Cement Plaster : Impact on Indoor Air Quality...........ccccrvrnnne. 653
Raphael Brun, Manolis Romanias, Marie Verriele, Marion Chenal, Arnaud Soisson, Frederic
Thevenet

Relationship Between Material Emissions and Indoor Air Quality: Experimental Evaluation and
STMUIALION 1.ttt b b e bbb e e sb e r R bbbt s ene 655
Alexandra Schieweck, Jiangyue Zhao, Erik Uhde

Relationship Between Product Emission and Indoor Air Quality of Wood Constructions...........ccccceveerernene. 657
Martin Ohlmeyer

Release of Undesired By-Products During the Operation of Virus Inactivating Air Cleaning

DIBVICES .ttt 659
Andrea Burdack-Freitag, Michael Buschhaus, Anna Nagele-Renzl, Wolfgang Hofbauer,
Sabine Johann, Christian R. Scherer, Andreas Schmohl, Gunnar Griin

Seasonal Fluctuation of Indoor Air 2-Ethylhexanol Levels After Floor Renovation...........cc.ccccvvvninininnnnns 667
Olavi Vaittinen

Secondary Organic Aerosol Formation from the Reaction of D5 with Chlorine Atoms ..........cccoevevveivriiennns 669
Anita Avery, Francesca Majluf, Jordan Krechmer, Harald Stark, Lea Hildebrandt Ruiz,
William Brune, Manjula Canagaratna, Andrew Lambe

Squalene in Skin Wipes: Dependence on Ozone, Indoor Climate and Skin Coverage...........cc.ccoevvvinininnnnns 671
Sarka Langer, Ann Sjoblom, Georgios Giovanoulis, Gabriel Beko, Pawel Wargocki, Glenn
Morrison, Charles J. Weschler, Jonathan Williams

Study on VOC Mass Transfer Characteristics of Fabric in Indoor Dynamic Thermal and Humid
R 1403 010 8 1< 1 R 673
Xiaojun Zhou, Xuejiao Dong, Ruixue Ma, Xinke Wang

The Effect of Aging on a Building Interior Paint Containing Biocides ..........cccceovviiiiiiiiiiniicce e 681
Nouha Zine Filali, Tamara Braish, Nadine Locoge, Yves Andres

The Effect of Indoor Humidity on VOC Emissions from Scots Pine Wood...........c.ccocviriiiniiicicnincnee, 683
Arttu Sivula, Henrik Herdjdrvi, Pertti Pasanen, Marko Hyttinen, Anni Harju, Veikko
Mottonen

Using Computational Chemistry to Study Indoor Relevant Organic Compounds on Indoor Surfaces ............ 690
Elianna S. Frank, Hanyu Fan, Liubin Huang, Saleh Riahi, Vicki H. Grassian, Douglas J.
Tobias

VOC Emission Factors in an Occupied School with Gas-Phase Air Cleaning.............ccocevvvreiieieninennnenenn 692
Brett William Stinson, Elliott Tyler Gall

VOC Emissions from Concrete Floor Structures and Textile Coverings Before and After Water

Marko Hyttinen, August Hinninen, Joonas Ruokolainen, Pertti Pasanen

VOC Emissions from Different Foodstuffs and Cooking Methods...........ccocvvviiiiiiiiiiiiiiicec 696
Tatjana Miiller, Julia Pikmann, Frank Drewnick, Jonathan Williams



VOC Emissions from Household Plastic Products and Their Fate Indoors: An Experimental and
IMOAEIING STUAY ...ttt r et e s b e b e e b e et e e e e e an e eas e an e e bt e R e e s nenreesreenbeenreennas 698
Georgia Beel

VOC Emissions of PVC Flooring - Long-Term ANalysis .........ccccueiieriiinininiiieieese e 700
Virpi Leivo, Jommi Suonketo, Jussa Pikkuvirta, Matti Pentti

VOC Sorption on Indoor Floorings and Consequence on Indoor Air Quality..........cccccevviiniiininiiiennncnn 708
Herve Plaisance, Pierre Mocho, Valerie Desauziers

Volatile Organic Compounds in Finnish Dwellings — Data from a Ten-Year Monitoring Period..................... 710
Miina Juntunen, Anniina Salmela, Kaisa Jalkanen, Hanna Hovi, Kaisa Wallenius, Anne
Hyvdrinen

ANALYSIS OFIAQ

A Long Term Monitoring Study on Indoor Air Quality of Rural Residences in Hot Summer and
Cold WINLET REZIOM .....cuviiiiiiiiiiiiiicie e bbbt sr s 714
Hongyang He, Xinba Lv, Zhiwei Zhang, Jun Guan, Guogiang Zhang, Shuqin Chen

A Portable Sensor System for Real-Time Quantification of Volatile Organic Compounds.............cccccrvrrenene 721
Guillem Domeénech-Gil, Robert Brooke, Valerio Beni, Donatella Puglisi

Accumulation of Volatile Per- and Polyfluoroalkyl Substances in Cloth from Residential Indoor Air ............ 723
Clara M. A. Eichler, Naomi Y. Chang, Elaine A. Cohen Hubal, Daniel E. Amparo, Jiaqi Zhou,
Jason D. Surratt, Glenn C. Morrison, Barbara J. Turpin

Analysis of On-Line Measurement Data for Developing Indoor Environmental Quality Indexes................... 725
Wenjuan Wei, Virginie Desvignes, Corinne Mandin, Olivier Ramalho

Chemical Exposure from Overheated Food in a Test Kitchen.........cccoccovviiiiiiiiiiicce e 727
Emmanuelle Castagnoli, Raimo Mikkola, Rauli Térré, Rahul Kallada Janardhan, Simo
Hostikka, Heidi Salonen

Classroom Chemistry: Time-Resolved Measurements of VOCs in Old and Newly Renovated

(@) T3S (o o) 1 0 PR RO 735
Kasper Kristensen, Trine Juhl Knudsen, Victor Hartvig Mortensen, Niels Uhre Christensen,
Steffen Petersen

Gravity Settling of Particles and Ventilation Characteristics by Natural Ventilation Method ..............ccoceevnne. 737

Yuta Muto, Sihwan Lee, Jaeung Hwang

Hospital Sudoe 4.0 — a Strategy for IAQ Assessment Based on Low-Cost Sensors in Hospital
D AT () 011 0=) L5 TR 741
Nuno Canha, Fabiana Clérigo, Carolina Correia, Vania Martins, Susana Marta Almeida

Impact of Laundry Detergents on Indoor Air Quality: Organic Compound Analysis ..........ccoceervererinenennenne 743
Huian Liu, Marie Verriele, Florent Caron, Frederic Thevenet, Melanie Nicolas

Indoor Air Quality in Restaurant KitChens. ..........cccoviiiiiiiiiiiiic s 745
Marta Keller, Serena Marin, Davide Campagnolo, Francesca Borghi, Giacomo Fanti,
Sabrina Rovelli, Andrea Spinazzé, Andrea Cattaneo, Domenico Maria Cavallo

Indoor Air Quality in Social Housing Flats Retrofitted with Heat Pumps.........c.ccccoooviiiiiiiniiicine, 747
Rajat Gupta, Sahar Zahiri



Indoor Carbon Dioxide Metric ANalysis TOOI .......c.cceiiiiiiiiiiiiiic e s 755
Andrew Persily, Brian Polidoro

Indoor Dust Contamination by Biocides in French DWellings .........ccccovviriiinieiiieii e 763
Pierre Martinache, Bertille Bonnaud, Régis Moilleron, Adéle Bressy

Indoor Environment in Danish Schools — The Results from Three Measurement Campaigns (2009,
2014 and 2021) in More than 2000 CIaSSTOOMIS ..........ccviiiiiiiiriniiinieiie e 765
Geo Clausen, Jorn Toftum

Indoor Temperature Increase from Reduced Cooling Power in Light and Heavy Buildings —
Measurements from 9 Properties and Monte Carlo Simulations of Parameters ...........c.ccoovvvrvvieienincnenene, 767
Dennis Johansson, Victor Fransson, Bjorn Eldvall

Large-Scale Study of Classroom VOCs: Sources, Dynamics, and Indoor Air Quality Impacts............cc.c...e. 775
Sara Bjerre Sorensen, Jorn Toftum, Geo Clausen, Kasper Lynge, Kasper Kristensen

Laundry Drying in a 40 M3 Experimental Room: Impacts on Indoor Humidity, Temperature and
VOC Concentration DYNAIMICS .......uiuieiiiiiriiiiirisesiceiee et e e snesr e 777
Florent Caron, Marie Verriele, Mélanie Nicolas, Huian Liu, Frédéric Thevenet

Measurements of Per- and Polyfluoroalkyl Substances on Indoor Surfaces During IPA Campaign................. 779
Naomi Y. Chang, Clara M. A. Eichler, Daniel E. Amparo, Jiaqi Zhou, Elaine A. Cohen Hubal,
Joanna M. Atkin, Jason D. Surratt, Glenn C. Morrison, Barbara J. Turpin

Metal-Organic Frameworks (MOFs)’s Potential as Formaldehyde Adsorbents in the Built
2 A1 40 11001 1L PSR T TR U PRSP 781
Shan Chen, Kan Zu, Lei Fang, Menghao Qin

Optimal Sensor Placement for Detecting Personal Exposures in Static/dynamic Office
EIVITONIMICIIES. ...ttt ettt bttt ae e bt b e bt e s bt et e e b e b e b e ekt et e e an e ehe e eb e e b e en b e e st e ebeenbeenbeeneeennas 789
Seoyeon Yun, Dusan Licina

Organic Fluorine and Per- and Polyfluoroalkyl Substances (PFAS) in Residential Air Conditioning

(0707114 5 1T 1 I PSR RUU PRSI 791
Daniel E. Amparo, Hannah K. Liberatore, Mark J. Strynar, Naomi Y. Chang, Clara M. A.
Eichler, Jiaqi Zhou, Glenn C. Morrison, Barbara J. Turpin

Pesticide Concentrations in Low-Income Homes in Canada...........cccoceerviririieiiiiienieneenieeie e seee e 793
Sara Vaezafshar, Jeffrey A Siegel, Liisa Jantunen, Miriam L Diamond

Post-Occupancy Study of Indoor Air Quality in University Laboratories During the Pandemic ..................... 795
Filipa Adzic, Murat Mustafa, Oliver Wild, Ho Yin Wickson Cheung, Liora Malki-Epshtein

Probing Bioeffluent Concentrations and Dynamics in an Occupied Residence ...........c.coevvvrvvieienincnencne, 803
Betty Molinier, Caleb Arata, David M. Lunderberg, Erin F. Katz, Jennifer Ofodile, Brett C.
Singer, William W Nazaroff; Allen H. Goldstein

Study on Exposure Assessments of Organophosphate Flame Retardants in Indoor and Outdoor
Environment for Adults and Children in TaIWaN ..........cooeiiieiieiieie e 805
Wei-Hsiang Chang, Chia-Hui Chieh, Yu-Hsuan Liu



The Use of IAQ Sensors by Citizens: Gap Between Perception and ObServations............ceceevereeiesieeneeenne. 810
David Umba, Nathalie Redon, Marie Verriele, Sabine Crunaire, Violaine Dion, Abdelrahman
Eid, Nadine Locoge, Laure Roussel

Time-Resolved Trace Gas and VOC Measurements in a Normally Occupied Residential Kitchen................. 812
Caleb Arata, Kai Skog, Laurie McHale, John Hoffnagle, John Yiu, Gregor Lucic, Betty
Molinier, David M Lunderberg, Erin F. Katz, Jennifer Ofodile, Brett C. Singer, William W
Nazaroff, Allen H. Goldstein

Under Pandemic: Assessment of Ventilation in Secondary Schools in the Netherlands...........cc.ccocininininnne 814
Er Ding, Dadi Zhang, Philomena M. Bluyssen

Using CO; as a Ventilation CIUe in CIaSSIOOMS ... .eiuviieiiuiiriieiieieesieseesieesieeseeeseesseesseesseesseesseessessesssesssesssesnees 816
Dustin Poppendieck

Using Unsupervised Learning to Recognize Decay Periods from Pollutant Concentration Time
Series for Estimating Air Change Rate..........c.coiiiiiiiiiiiii e 818
Bowen Du, Jeffrey Siegel

Ventilation Assessment at an Elderly-Care Home in Belgium After a Covid-19 Outbreak............ccoocvvnninnee. 820
Sarah Lima Paralovo, Maarten Spruyt, Marianne Stranger

PARTICLES AND RADON

Algorithm for PM; 5 Gravimetric Correction FACtOT ...........ccecviiiiiiiiiiie e 828
Piet Jacobs

Artificial Saliva Aerosol Source and Detection System for Spreading Analysis in Indoor
2 A1 40 11001 1L TSRO UUU PRSI 830
Daniel Schiepel, Daniel Schmeling, Robert Brinkema

Assessing the Accuracy of Consumer-Grade Digital Radon Monitors Under “real World”
L0703 4 Ua B 15 1) TSR 838
James A. McGrath, Stephanie Long, Patrick Murphy, Alison Dowdall, Miriam A. Byrne

Characterization of Indoor and Outdoor Particles in a Mechanically Ventilated Office Building.................... 840
Ville Silvonen, Laura Salo, llpo Kulmala, Tuomas Raunima, Panu Karjalainen, Juha Vinha,
Markus Nikka, Topi Ronkko

Counting Man-Made Mineral Fibres from Settled Dust: Comparison of Three Sampling Methods................ 842
Vesa Koskinen, Sirkku Hdkkild, Anna-Mari Pessi, Timo Murtoniemi

Deposition of Airborn Particles on Human Body Surface: Experiments Using Thermal Manikin and
STHCON WATETS ....iieiiiii st r et sb e bbb e b et s er e ere s 850
Kosuke Kondo, Naoki Kagi, Norikazu Namiki

Determining Confidence Intervals for Medium-Term Radon Measurements Compared to the
ANNUAL AVETAZE ...ttt et h bt bt et e e Rt R bt e b e e bt et Rt bbb e e nenn e n e 858
Finley Daly, Patrick Murphy, Alison Dowdall, David Fenton, James A. McGrath

Ensembled Model to Improve Residential Indoor PM, 5 Estimation for Personal Exposure
PrEICTION ..o 860
Quang-Oai Lu, Wei-Hsiang Chang, Hone-Jay Chu, Chien-Cheng Jung, Ching-Chang Lee

Experimental Study on Aerosol Emissions from Using Electric Toothbrushes............c.ccoovvvniiiiciininniiee, 869
Wenhao Tang, Yiqun Li, Ling He, Wei Ye



Experimental Study on the Manipulation of Sub-Micron Aerosol by Acoustic Streaming.............cccccvvrreeene 871
Tsz Wai Lai, Thilhara Tennakoon, Sau Chung Fu, Ka Chung Chan, Christopher Y. H. Chao

Exposure to Indoor Air Pollutants in a Deep Energy Retrofit of a Block of Flats in UK .........ccccoeniiiinnnnne. 879
Rajat Gupta, Alastair Howard

Exposure to Particulate Matter in Various Types of Bakeries in Finland ...........cccccocoviniiiiiniiicine, 887
Antti Karjalainen, Mirella Miettinen, Arto Sddmdnen, Pertti Pasanen

Field Measurements of Particle Size Distributions from 1.18 to 50 Nm with a Particle Size

Magnifier — Scanning Mobility Particle Sizer (PSMPS) During Scented Candle Combustion in a

Residential BUIIAING ........coiiiiiiiieieice e ne b n et n e nennenn s 889
Satya S. Patra, Jinglin Jiang, Xiaosu Ding, Chunxu Huang, Emily Reidy, Paige Price, Vinay
Kumar, Antonios Tasoglou, Heinz Huber, Connor Keech, Gerhard Steiner, Philip S. Stevens,
Nusrat Jung, Brandon E. Boor

Field Measurements of Settled Mineral Fibers in Public and Office Buildings ...........ccccovvevvniiiiinicnecneenn, 891
Jyrki Kilpikari, Tuomas Raunima, Juha Vinha

High Concentration of Indoor Particulate Matter (PM 2.5) from Burning Solid Fuels in Rural

Households of Butajira, EthIOpia.........cccciiiiiiiiiiiiii e 893
Mulugeta Tamire, Abera Kumie, Adamu Addissie, Mulugeta Ayalew, Johan Boman, Susann
Skovbjerg, Rune Andersson

Impact of Room Temperature on Human Carbon Dioxide Emission Rates at Different Physical
ACHIVIEY LEVELS .ttt bbbttt bbbt bRt R Rt n e e nn e 895
Kazuki Kuga, Pawel Wargocki, Kazuhide Ito

Improving for Indoor Air Quality Selective, Simple and Quick Assessment: Case Study ..........ccccevvvirrinene. 897
Zanna Martinsone, llona Pavlovska, Linda Paegle, Aneka Klavimna, Kristine Sproge, Inese
Martinsone

Individual Exposure of PM, s for Elementary School Students in Seoul, South Korea............ccccccoeninirnnnnnne. 899
Kyungjun Jeong, Yongjin Lee, Jaelim Cho, Changsoo Kim

Individual-Level Indoor Exposure to Particulate Matter and NO2: A Case Study .........ccocvvvrvviiineniiinnnene, 901
Rok Novak, Johanna Amalia Robinson, Tjasa Kanduc, David Kocman

Indoor Air Quality Monitoring and Laboratory Analysis in Schools of La MUure ...........c.ccoovvvvienenincnenene, 903
Chong Li, Denis Lopez, Jean-Louis Labrosse

Investigating the Aerodynamic Properties of Household Dust and Standardised Test Dusts ............cccoceevvennee. 905
Emer Duffy, Jennifer Whelan, Gildas Guionnet, John McKeon, Simon Harkis, Susan
Goldsmith

Managing Indoor Air Quality in Nursery and Primary Schools with Low-Cost Solutions ..............cccceevvveeene. 907
Juliana P. Sa, Pedro T. B. S. Branco, Maria C. M. Alvim-Ferraz, Fernando G. Martins, Sofia
L V. Sousa

Measured LDSA Concentrations Indoors and Outdoors at Four Schools/daycares in Finland ........................ 909
Laura Salo, Ville Silvonen, Tuomas Raunima, Panu Karjalainen, Juha Vinha, Topi Ronkké

Measuring Indoor Aerosol Particle Number Concentration Starting from Nanocluster Sizes............c.ccccevuenne. 911
Joonas Vanhanen, Joonas Enroth, Aki Pajunoja



Performance Assessment of Low-Cost Arduinos-based Sensors Under Representative Indoor Air
L7071 1¢ 12 (o) TP PRSI 913
Maria Justo Alonso, Rikke Bramming Jorgensen, Henrik Madsen, Hans Martin Mathisen

Performance Comparison of Radon Passive and Active Sensors Under Different Indoor Aerosol
L7034 La 15 ) TSRS 921
Joan Fréderic Rey, Nicolas Meisser, Joélle Goyette Pernot, Dusan Licina

Pollutant Correlation Analysis in Measurements at Four Classrooms in Four Norwegian Schools.................. 923
Maria Justo Alonso, Rikke Bramming Jorgensen, Henrik Madsen, Hans Martin Mathisen

Predicting the Viscosity of Organic—inorganic Particles and Surface Films.........c.cccocoviviiiiiiiiiniin e, 931
Joseph Lilek, Joseph Lilek

Preliminary Investigation of Indoor Microplastic Concentrations in Japanese Residential Houses................. 933
Eunsu Lim, Hirofumi Tanaka, Kazuhide Ito

Residential Radon Mitigation Using Passive Soil Depressurization in Quebec, Canada............ccccoovvervnnenne. 935
Janet Morag Gaskin, Liang Grace Zhou, Yunyi Ethan Li, Marcel Brascoupe

Respiratory Aerosol Emission as a Function of Frequency and Loudness During Sustained

Phonation 0f the VOWEL /a/.....c.uuiiiiiiiiiiii ettt et st e st e e be e s nbeeeneean 937
Tanvir Ahmed, Mahender Singh Rawat, Andrea R. Ferro, Amir A. Mofakham, Goodarz
Ahmadi, Dinushani Senarathna, Sumona Mondal, Byron D. Erath

Source-Specific Particle Emission Rates Under Reallife Conditions — Measurement Approach Vs.
MOAEIING APPIOACKH ...ttt 939
Jiangyue Zhao, Tareq Hussein, Wolfram Birmili, Birgit Wehner, Alfred Wiedensohler

Time and Spatially Resolved Tracking of Temperature, Relative Humidity, Carbon Dioxide and
Particulate Matter in Local PUDIIC TIanSPOTt.........ccocveiiiiiniiiiiiiece e 941
Tunga Salthammer, Christian Fauck, Alexander Omelan, Sebastian Wientzek, Erik Uhde

Workers Exposure to Pollutants and Thermal Comfort in Horse Stables: Case Study ..........ccccevvvviiinininnnne 943
Aneka Klavina, llona Pavioska, Zanna Martinsone, Inese Martinsone

CONTROL OF INDOOR ENVIRONMENT

A Comprehensive Approach to Test Air Cleaning Devices Under Realistic Room Conditions ..............c........ 951
Zhenlei Liu, Eloise Parry-Nweye, Yousr Dhaouadi, Xuezheng Wang, Jialei Shen, Bing Guo,
Moises Ramirez, Bhavesh Gupta, Dacheng Ren, Bing Dong, Jianshun Zhang

A Field Study on Using Air Cleaners to Partially Substitute Mechanical Ventilation ...........cc.ccoceviiinininnnne 959
Yiqun Li, Yujie Fan, Chengqiang Zhi, We Ye, Xu Zhang

Advanced Airflow Distribution System for Reducing Airborne Virus Exposure in Hospital Rooms .............. 961
Osama Butt, Haider Latif, Klaus Reinartz, Goran Hultmark, Alireza Afshari

Air-Cleaners for Virus Removal in Classrooms: Test Chamber Vs. Real-world Room ............ccooeevvviieiiiiniins 969
Erik Uhde, Annette Clauf3, Sebastian Wientzek, Stefanie Lau

Airflow Distribution of the Centralized Kitchen Exhaust System with Guide Vanes ...........ccccccoevvnenenennene 971
Yanlei Yu, Jun Gao



Balancing of Airflows of Mechanical Ventilation Systems in Buildings with a Very Airtight
BUilding ENVEIOPE ....cc.viiiiiiiieitieitieiie ettt bt et R Rt et r e nr e nre e 973
Marko Kristian Bjorkroth, Ismo Maring

Comparative Study of Room Air Distribution Modelling Using Vertical Confluent Jets System.................... 980
Eusébio Conceic¢do, M® Inés Conceicdo, M Manuela Licio, Jodo Gomes, Hazim Awbi

Comparing Speed and Accuracy of Fast Alternatives to CFD for Ventilation Design..........cc.ccocveveniiinninene, 982
Eugene Mamulova, Twan Van Hooff

Comparison of CFD Analyses and Experiments of Active Ceiling Diffusers ..........ccocovvvvviinieeienenncne i, 990
Pekka Tapani Kanerva, Panu Mustakallio

Comparison of Different Turbulence Models on Particle Deposition ..........c.ccccevieiiiiiiiiniiniiieeee e 996
Yunus Emre Cetin, Martin Kriegel

Computational Study on the Effect of Ambient Horizontal Airflows on a Facial Air Curtain ............cc.ce.e... 1004
Xiaobin Wei, Jun Gao

Determination of CADR of Virus-Inactivating Air Purifiers by Surrogate Virus Plaque Assay..........c.cc.v.... 1006
Andreas Schmohl, Anna M. Nagele-Renzl, Michael Buschhaus, Sabine Johann, Christian R.
Scherer, Gunnar Griin, Wolfgang K. Hofbauer, Andrea Burdack-Freitag

Developing an Accessible, Low-Cost Air Cleaner for Safer Spaces During Wildfires ...........ccccevvviniinnnnns 1014
Brett William Stinson, Elliott Tyler Gall

Development of an Automatic Window Opening System to Control the Ventilation Rate .............cccccovnnnne. 1022
Akane Tsutsumi, Sihwan Lee

Development of an Extended Reality Technology to Combat Surgical Site Infections............cccccoeriniinnnnns 1027
Trond Thorgeir Harsem, Behrouz Nourozi, Frida Heggebo, Hans Martin Matisen, Guangyu
Cao, Sasan Sadrizadeh

Development of Predicting Model for Thermal Sensation Effected by Radiations of Different

WAVEIEIIGINS ... bR et Rt n e r e 1029
Akihisa Nomoto, Yoshiichi Ozeki, Miyoko Oiwake, Ryo Hisayama, Yutaro Ogawa, Mizuho
Akimoto, Shin-Ichi Tanabe

Effectiveness of Electrostatic Air Cleaners for PM10 and PM, s Removal from Indoor Air in
Kindergartens - @ Case StUAY .......ccooviiiiiiiiiiiiii e s 1033
Amelia Staszowska, Marzenna Dudzinska

Effectiveness of Upper-Room UVGI System in a Classroom with Mixing and Displacement
30U 8o} SO E RS 1035
Seongjun Park, Donghyun Rim, Richard Mistrick

Estimating the Feasibility of Radiant Cooling Under Climate Change Scenarios, Without an Energy
IMOET .o s 1037
Donna Vakalis, Miaomiao Hou, Dorit Aviv, Adam Rysanek

Evaluation of Detached Eddy Simulations of Buoyant Flows in Street Canyons ..........cc.cceevevevercninenennens 1039
Lan Chen, Cheuk Ming Mak

Experimental and Simulation Study of Closed-Loop Desorption with Hot Nitrogen as the Purge

Yunfei Xia, Chengquan Zhang, Jun Gao



Experimental Study of Innovative Window Using Electrostatic Air Filtration for Indoor Air Quality

53010) (0031113 L AT TP TROTR PP 1049
Eol Geffre, Benjamin Golly, Evelyne Gonze, Michel Ondarts, Rémy Greffet, Pierre Guiton,
Patrice Blondeau

Human Exposure Against Airborne Pathogens in an Office Environment...........ccccoovvieviinieeniennesie s 1051
Sami Lestinen, Simo Kilpeldinen, Risto Kosonen, Pertti Pasanen

Hygrothermal Behavior Assessment in Building Walls and Indoors by Numerical Analysis ...........cccoceeueene 1059
Yujin Kang, Ho Hyeon Jo, Hyeonseong Yuk, Sumin Kim

Impact of Fan-Coil Units Air Recirculation to Indoor Environmental Conditions: A CFD Approach............ 1061
Nearchos Stylianides, Panayiotis Papadopoulos, Alexis Kyriacou, Demetrios Eliades, Marios
Polycarpou, Christos Panayiotou

Improvement of Design and Performances of Droplet Separators for Air Handling Unit.........c..ccoocvvrvennnnne 1069
Alain Ginestet, Mirela Robitu, Hervé Bingan

Indoor CO, Direct Air Capture (iCO, DAC): Indoor Air Pollutants as Renewable Carbon Source............... 1077
Luis Rafael Lopez De Leon, Paolo Dessi, Alba Cabrera Codony, Bart Kraakman, Marilos
Balaguer, Sebastia Puig

Indoor Thermal Comfort Evaluation Based on Physiology Considering Thermal History ...........cc.ccoovennee. 1079
Yutaro Ogawa, Ryo Hisayama, Akihisa Nomoto, Shin-Ichi Tanabe

Investigating Mixing and Dispersion Mechanisms of Gaseous Pollutants and Particles in
LS (6 13 1o USSR PTOPTURTURUTROTN 1087
Sangeetha Kumar, Mengjia Tang, Daniel Rush, Ningling Zhu, Atila Novoselac

Investigation of Flow Disturbances Downstream a Pleated Air Filter...........cccoooviininiiic i 1089
Ala Bouhanguel, Feélicie Theron, Aurélie Joubert, Yves Andres

Localized and Whole-Room Effects of Portable Air Filtration Units on Aerosol Particle Deposition
and Concentration in a Classroom Environment ...........c.ccooviiiiiiiiiiiiiiceee e 1091
Meng Kong, Linhao Li, Stephanie M. Eilts, Li Li, Christopher J. Hogan, Zachary C. Pope

Ministry of the Environment’s Project to Cultivate Fluency in School Renovation...........ccccccevviinininnnnns 1093
Inari Weijo, Timo Turunen, Jukka Lahdensivu

Modelling of Particle Size Resolved I/O Ratio in an Office Building...........c.coovvviiiiiiniiiiiiiiicice e 1101
Ilpo Kulmala, Ville Silvonen, Laura Salo, Topi Ronkké, Tuomas Raunima, Juha Vinha

Modelling UK Schoolchildren Health by Coupling Building Simulation and Multi-Criteria

DIECISION ANALYSIS . .vvviueeiieitietis etttk e e bbbt b bt e s e bbb bt b e et e s e ne Rt bt n e b ne e n e e 1105
Duncan Grassie, Filiz Karakas, Yair Schwartz, Jie Dong, James Milner, Zaid Chalabi, Anna
Mavrogianni, Dejan Mumovic

Novel Exhaled Air Capture and Purification System for Classrooms and Offices..........cccooveviviiiiiiiiicniiennens 1113
Anita Trajkovska-Broach, Ron Blum Blum, Stuart Sheldon

Numerical Analysis of Particle Dispersion and Removal in Differently Ventilated Rooms...........ccccceviennen. 1121
Wenchao Wang, Ryozo Ooka, Hideki Kikumoto, Wonseok Oh, Chao Lin, Mengtao Han

Numerical Investigation of Pollutant Capture and Ventilation Efficiencies in Laboratory Fume

Ryota Muta, Kazuhide Ito



Performance Comparison of Different Particulate Matter Control Technologies in an Indoor
ENVIFONIMENT ...ttt bbb sr e b et 1131
Aiswarya Kumar, Vasudev Malyan, Manoranjan Sahu

Performance of In-Duct Bipolar Ionization Devices on Pollutant Removal and Potential Byproduct

Formation in INd0Or ENVIFONMENTS ........eiuiiiiiiiiieiieiiiee e e e e sseestee st esbeesaesseesreesreeseeeneeaneeanes 1133
Jialei Shen, Zhenlei Liu, Beverly Guo, Daniel Love, Mary Dekold, Michael J. Birnkrant, Bing
Dong, Jianshun Zhang

Polydopamine-Interface-Mediated Electrically Responsive Filters for Efficient Indoor Particle
REMOVAL ... 1141
Yilun Gao, Enze Tian, Jinhan Mo

Post Renovation Work in Homes — IAQ Problems and Mitigation Strategies...........c.ccovvrerininieninieeienennens 1143
Chandra Sekhar
Presence of SARS-CoV-2 in HEPA Filters of Portable Air CIEaners ........eeeeeiviiivrieiiee it ssiirreeeee e 1151

Florentina Villanueva, Isabel G. Fernandez De Mera, Carmen Granda, José De La Fuente,
Christian Gortazar, Beatriz Cabarias

Quantitative Filter Forensics for Allergens and SVOCS.........ccccocviiiiiiiiiiiie e 1153
Tianyuan Li, Yucaho Wan, Bowen Du, Miriam Diamond, Jeffrey Siegel

Room-Sized Chamber Evaluation of VOC Removal by a Portable Air Cleaner ..........c..ccovvevviieiinnncniennens 1155
Xiaochen Tang, Randy Maddalena, Marion Russell, Sharon Chen, Brett Singer, Hugo
Destaillats

Study on Jet Reach and Optimum Shape of Multi-Hole Floor Air Outlet Units ...........ccccoiviniiiiniiicnienenn, 1157

Kyogo Hayashi, Naoya Shirato, Mitsuhiro Takahashi, Hiromasa Tsuzuki, Akihiro Kawamura,
Hisashi Hasebe, Miguel Yamamoto, Tatsuo Nobe

Surveillance of Volatile Organic Compounds in Residential Houses Following Health Complaints,
LIUX@IMDOUIE ..ttt ettt bbb h R bbbt n R Rt Rt b e b e e e ne bt bt eb b e st e e n e s 1164
Radu Corneliu Duca, Daniel Alvarez Vaca, Alicia Borras-Santos, Emilie Hardy, Matteo Creta,
Carole Eicher, Laurence Wurth, Anne Vergison, An Van Nieuwenhuyse

The QALIPSO Project at a Glance: Changing the Paradigm on TAQ ........ccooviiiiiiiiiiii e 1166
Marie Verriele, Nathalie Redon, Sabine Crunaire, David Umba Kalala, Abdelrahman Eid,
Laure Roussel, Violaine Dion

Thermal Comfort Investigation of Personal Environmental Control Systems in Office ..........c.ccocvvviiieniennenn 1168
Daiki Takehara, Masanari Ukai, Tsubura Watanabe, Shin-Ichi Tanabe, Kentaro Kimura,
Akihiro Shimizu, Naoki Aizawa, Yuka Muto, Daisuke Hatori

Thermal Environment in Simulated Office Rooms Generated by 4-Way Active Chilled Beams.................... 1176
Panu Mustakallio, Ru Ming, Tuomas Kaukola, Risto Kosonen, Simo Kilpeldinen, Sami
Lestinen

Towards Improved Thermal Comfort Predictions and Higher Energy Savings: Building Energy
Model of an Open-Plan Office Based on Indoor CO» and Temperature Controls ............ccvvivriininiviniiineinnns 1184
Sarah Crosby, Adam Rysanek

Towards Standardized Testing of Air Cleaners Against Virus A€rosols .........ccocvvvvvereieninenesineseeeseees 1192
Erik Uhde, Annette Clauf3, Jochen Schulz

Tracking Microbial and Particle Filtration Efficiencies of Air Handling Unit Filters ..........ccocovviiiiiiininnnn 1194
Gaétan Pavard, Aurélie Joubert, Yves Andres, Pierre Le Cann



Transient Flow and Particle Deposition in the Respiratory Tract: RANS Versus LES Comparison ............... 1196
Alicia Maria Murga Aquino, Seigo Ohashi, Chung-Gang Li, Rahul Bale, Makoto Tsubokura

Understanding Occupancy Pattern of University Libraries in the Post-Pandemic Era...........c.ccocoeviiiiicicnnne 1198
Yi Ju, Zhe Wang, Xinyuan Ju, Bin Cao, Chen Chen

Using an Emissions Barrier for Controlling PAH in INdOOT Al ........cccooiiiiiiiiiiiiieeeecee s 1206
Timo Lehtimaa, Johan Mattsson, Lennart Larsson

Using an Emissions Barrier for Controlling Radon in Indoor Air...........ccoiviiiieiieiin e 1208
Johan Mattsson, Timo Lehtimaa, Lennart Larsson

Ventilation Solutions for Healthcare Patient Rooms to Control Respiratory Infections...........cccccceenirinncnne. 1210
Anni Luoto, Natalia Lastovets, Piia Sormunen

Ventilation System with Indirect Adiabatic Cooling and High Efficiency Filtering in an Existing
IS4 Lo ) SRR 1212
Piet Jacobs

VOLUME 3

INDOOR MICROBIOME AND DISEASE TRANSMISSION

A Building’s Microenvironments: Digging Deeper into an Indoor Microbiome............ccoeevervenvereeresinnnnns 1220
Lucy Rebecca Davies, Aitor Barbero-Lopez, Filip Fedorik, Antti Haapala, Phillip C Watts

A Mathematical Model for Assessing Transient Airborne Infection Risks in a Hospital. ..........ccccceeinennnne 1222
Alexander Jon Edwards, Catherine Noakes, Martin Lopez-Garcia, Marco-Felipe King, Daniel
Peckham

A Simple Dilution Model of the EXPIred Jet ..........cccoiriiiiiiiiiii s 1224

Wei Jia, Pan Cheng, Yuguo Li

Acrostalagmus Luteoalbus, a Rare Allergenic, Toxigenic, Non-Pathogenic Fungus, Found in
Air, Dust and Building Materials in a Public Building in Finland.............cccoooiiiiiiiiiceee 1228
IndooKrsi Vaali, Johanna Salo, Andrds Varga, Ekumi Kingley, LaszI6 Kredics, Aino Maria

Andersson, Jarek Kurnitski, Heidi Salonen, Tuula Putus

ACTIVE Particle Control™ is Superior to Ultraviolet-C for Airborne Disinfection in a Health Club .......... 1236
Mark Ereth, Frank Stamatatos, Don Hess

Airborne Bacterial and Fungal Concentrations in Bedrooms of Infants Living in Porto ...........ccccceevniennnne 1239
Fatima Felgueiras, Zenaida Mourdo, Eduardo De Oliveira Fernandes, Marta Fonseca
Gabriel

Applicability of Early Detection of Bacterial Fomite Transmission Using Ecological Diversity
INAICES ..ot 1247
Peihua Wang, Yuguo Li

Assessing Exposure to Infected Breath in Naturally Ventilated Classrooms...........ccevveveeivenieneenieennsinnnnns 1249
Carolanne Valerie Mathilde Vouriot, Henry Charles Burridge, Maarten Van Reeuwijk

Assessment of Diffuse Ceiling Ventilation Performance on Transmission of Airborne Infectious
DDISBASES ..ttt e 1251
Sasan Sadrizadeh, Sasan Sadrizadeh



Assessment of the Building Ventilation and Filtration Using veriDART Method...........ccccocvviiiinininnncne, 1259
Zaneta Polis, David Hunt

Assessment on the Effectiveness of Pandemic-Mode HVAC Strategies in Clearing Respiratory
Aerosols Within Indoor ENVIFONMENTS ........ciueiiiiiieieiieiie ettt st st steeste e s e sneesbeesbeenbesssesneens 1261
Patrick James Conacher Chambers, Daniel Lansell-Kelly

Associations Between Residential Greenness, Indoor Microbiota and Risk of Developing Allergic

RINIEIS 1o ittee e sttt et e s e e e et e e e e ett et e e sabe e e e e tbeeeeaataeeesaseeeeasbeeeaasseeeesaseaaeasbeeesansaeeesrnenaeansteeeanns 1265
Christina Tischer, Teemu Zacheus, Martin Tdubel, Carlos Gonzales-Inca, Jonna Jalanka,
Pauli Tuoresmdki, Balamuralikrishna Jayaprakash, Jussi Vahtera, Anne Hyvdrinen, Juha
Pekkanen, Anne M Karvonen, Pirkka Kirjavainen

Bringing the Indoor Exposome to Its Full Potential: Multi-Residue Analysis in Dust............ccocoeiiniiiinnnn, 1267
Emilie Hardy, Matteo Creta, Alicia Borras-Santos, Carole Eicher, Laurence Wurth, Anne
Vergison, An Van Nieuwenhuyse, Radu Corneliu Duca

Can CO; Be Used as an Indicator of the Probability of Cross-Infection? ..........ccccovvvriininiiinieiieiencen 1269
Mariya P. Bivolarova, Aleksandra Lipczynska, Wojciech Kierat, Linxuan Guo, Arsen K.
Melikov

Carbon Dioxide Monitoring in Refuse Collection Vehicle Cabins to Reduce the Risk of SARS-
CoV-2 AIrborne TranSMISSION ....c.uicueeiiiriiiiiriii e bbbt sre s 1277
Filipa Adzic, Liora Malki-Epshtein

Challenges in Moisture Damaged False Plinth Repairs.........c.cccvveiiiininiiiiciece e 1285
Santeri Schroderus, Minna Kempe, Olli Terié, Ulla Haverinen-Shaughnessy, Filip Fedorik

Chemical Free Cleaning, Microfiber Cloths and Cleanability............ccccoviiiiiiiiiiiiiii e 1287
Leila Kakko, Kiti Suomalainen, Saara Vossi

CO; Sensor Placement for the Prompt Identification of High Virus Transmission-Risk Conditions ............. 1294
Modestos Athanasiou, Alexis Kyriacou, Michalis Michaelides

Comparison of Amplicon Sequencing and Direct Cultivation — Early-Stage Results ...........ccoceiiiiiiniennnnne 1302
Antti Juhani Salonen, Filip Fedorik, Lucy Davies

Comparison of Two Ceiling-Based Ventilation Strategies for Twin-aisle Aircraft Cabins..........cc.ccocevvvrennnne 1304
Pascal Lange, Tobias Dehne, Daniel Schmeling, Axel Dannhauer, Ingo Gores

Coupling Tracer Derived ACH with Risk Calculators to Calculate Risk of COVID-19 Infection................. 1312
Bradley Prezant, Matthew Warren

COVID-19 Airborne Transmission Risk Calculation Using CO, Concentrations in a 3D Office
2 A1 o) 11001 1 OSSR 1320
Christina Kakoulli, Modestos Athanasiou, Alexis Kyriacou, Michalis Michaelides

COVID-19 and the Indoor Environment — Observations from a Joint National Academies of
ENgINeering SEMINAT SEIIES .....ccuvirrierietirieriiesiiestee sttt sse e aseesr e e e e s e s se e st e e sbeesbeeneeaaneaseeaneeaneenneennensnennnens 1328
David Alan Butler

Dynamic Airborne Transmission of CO; and Particles in a Hospital Room with Mechanical
RS 0151 ;15 o) o N 1330
Ines Olmedo, Fernando Peci, Jose Luis Sanchez-Jimenez, Manuel Ruiz De Adana



Effect of Shipping Conditions on Microbial, SVOC, and Allergen Concentrations in Home Dust

SAIMIPLES ...ttt ettt et h e e R e e R R e R e R e R e AR e e AR e e R e e R e ARt eR e e R £ e R e e R e e R Rt R e e nReenreenneennas 1338
David Jarma, Juan Pedro Maestre, Sam Brodfuehrer, Felix Rivera-Mariani, Sharon Horner,
Kerry Kinney

Effective Air Purification for Aircraft Cabins When Face Mask Requirements Are Removed...................... 1340

Anita Trajkovska-Broach, Ron Blum, Mohamed Abuhegazy, Svetlana Poroseva

Electrostatic Dust Cloth: A Reliable Tool for Exposure Assessment to Fungal Contamination..................... 1348
Renata Cervantes, Bianca Gomes, Marta Dias, Liliana Aranha Caetanho, Carla Viegas

Environmental Microbiota Transfer into Urban HOMES. .........ccoooveiiiiiiiiiiinieiieese e 1350
Martin Tédubel, Megan S. Thoemmes, Maria Valkonen, Sarah Allard, Balamuralikrishna
Jayaprakash, Asko Vepsdldinen, Anne M. Karvonen, Anne Hyvdrinen, Juha Pekkanen, Pirkka
V. Kirjavainen

Estimating SARS-CoV-2 Infection Risk in University Dormitories Using CO, Pulse Injections.................. 1352
Daniel E. Amparo, Ryan P. Moravec, Barbara J. Turpin, Glenn C. Morrison

Estimation of Infection Fields and Pathways for SARS-CoV-2 and Its Variant Based on the

Relationship Among Dose-response Function Parameter, Quantum Emission Rate, and Basic

REPIOAUCTIVE INUIMIDET ...ttt ettt b bbbt h e s b e e s b e e nbe e e e e me e eseeebe e bt e beenbeesnennnens 1354
Atsushi Mizukoshi, Jiro Okumura, Kenichi Azuma

Evaluating Decontamination and Prevention Techniques by Establishing Standardized Broad-
Range Microbial Testing PLatfOTmS .........coiiiiiiiiieiiie s sneas 1362
Stella Koch, Yen-Tran Ly, Franca Arndt, Daniel Miiller, Daniel Schmeling, Ralf Moeller

Evaluation of a New Hydrogen Peroxide Vapor Generator Prototype .........cc.cceeveviiiiniiiiiniinicienicse e 1370
Jani Hakala, Kimmo Heinonen, Ilpo Kulmala

Evaluation of Airborne Infection Risk with Different Natural Ventilation Strategies in Classroom .............. 1372
Yu-Shuan Wu, Yu-Shuan Wu

Evaluation of Infection Probability in an Office Space Using Computational Fluid Dynamics
(CFD) Coupled with Wells-Riley MOdel.........cccciiiiiiiiiiiiiiiiiccc e 1374
Niko Siilin, Aku Karvinen, Hannu Salmela

Experimental Study on the Effect of 4-Way Active Chilled Beam Ventilation System on Airborne

INTECLION RISK 1.ttt r et b ettt nenreene s 1382
Ru Ming, Panu Mustakallio, Tuomas Kaukola, Risto Kosonen, Simo Kilpeldinen, Sami
Lestinen, Baizhan Li

Weixin Zhao, Simo Kilpeldinen, Risto Kosonen, Sami Lestinen

Exposure to SARS-CoV-2 Aerosols in U.S. Residences: Sample Analysis Using Two Detection

(@556 o £ TETT TR 1398
Nirmala T Myers, Robert J Laumbach, Kathleen G Black, Pamela Ohman-Strickland,
Shahnaz Alimokhtari, Alicia Legard, Adriana De Resende, Leonardo Calderon, Frederic T
Lu, Gediminas Mainelis, Howard M Kipen

Farm Home-Like Indoor Microbiota Protect Form Asthma in Urban Homes..........c.cccooiiiiiiiieniiicicine 1400
Christina Tischer, Martin Tdubel, Anne M Karvonen, Balamuralikrishna Jayaprakash, Gunda
Herberth, Marie Standl, Joachim Heinrich, Juha Pekkanen, Pirkka Kirjavainen



Fungal Exposure Assessment: The Most Suitable Sampling Method Based on Score IndeX...........c.ccovneee. 1402
Renata Cervantes, Marta Dias, Bianca Gomes, Carla Viegas

Fungal Mycobiome Differences Between Urban and Rural HOmMeS..........cocoovviieiiiinciiiinececce e 1404
Juan P. Maestre, David Jarma, Dennis Wylie, Sharon Horner, Jeffrey Siegel, Kerry A. Kinney

Household Fungi Exposure Characteristics and Variations in Children’ Residences ............ccccccoevinininncne. 1406
Chengiu Du, Wei Yu, Baizhan Li, Jiao Cai, Bicheng Li

Impact of Non-Occupied Seats on the Thermal Comfort in Long-Range Aircraft for Novel
VENtAtION COMCEPLS. ... vverriurete ittt ettt sttt e bbbt a s e ns bbbt b e e bt e s s e s e b e s b eb e b e et e e e nn e nenneanenns 1408
Tobias Dehne, Pascal Lange, Daniel Schmeling, Ingo Gores

Indoor Air Quality Improvements to Reduce Global Catastrophic Biological Risk..........ccccccovviiiiiiiiinnnns 1416
Paula J. Olsiewski, Richard Bruns, Clint Haines, Debora Sandiford, Gigi Gronvall

Insights on the Methodology for Indoor Microbial Aerosol StUAIES ........ccververierieiiirie e 1418
Satu Salo, Nonna Saarinen, Elina Sohlberg, Jani Hakala

Investigation into Workplace Ventilation at COVID-19 Outbreak Sites .........c.ccovvviiiiiiniiiiniiiiei s 1420
Andrew Simpson, John Saunders, Chris Keen

Large-Eddy Simulation of Airborne Disease Transmission in Thermally Stratified Indoor
A1 40) 11081 11BN 1422
Aleksandra Monka, Brurio Fraga, Boyang Chen

Life After Death in Graveyards: Aspergillus Sections, a Menace Deep Hidden ...........c.coovvviiiiiiniiiinnnnne, 1430
Marta Dias, Renata Cervantes, Bianca Gomes, Liliana Aranha-Caetano, Carla Viegas

Measurement of Ventilation Rate and Evaluation of Infection Risk in a Classroom............ccccceeererininnnnns 1432
Yusuke Tomizawa, Masayuki Ogata, Ryo Ochiai, Megumi Takenaga, Satoshi Hori, Shin-Ichi
Tanabe

Modelling Childhood Exposure to Indoor Air Pollution Across Socio-Economic Groups ..........c.ccecvrverinene 1439

Lauren Ferguson, Jonathon Taylor, Phil Symonds, Michael Davies

Moisture Impacts Gene Expression and mVOC Emissions from Carpet and Dust............ccocvveveienincnennene, 1447
Sarah R. Haines, Alexa Bakker, Emma C. Hall, Ashleigh Bope, Pawel K. Misztal, Allen H.
Goldstein, Rachel 1. Adams, Karen C. Dannemiller

Mold Detection in the Domestic Indoor Environment: Preliminary Results from Luxembourg.................... 1449
Lauralie Mangeot-Peter, Alicia Borras-Santos, Laura Feéry, Gladys Langue, Jean-Raymond
Guillard, Carole Eicher, Laurence Wurth, Anne Vergison, An Van Nieuwenhuyse, Radu
Corneliu Duca

Multizone Modeling of SARS-COV-2 Airborne Transmissions in Mechanically Ventilated Public
BUILAINES ..ot 1451
Shujie Yan, Liangzhu Wang, Michael J. Birnkrant, John Zhai, Shelly L. Miller

Near-Field Exposure of Pathogen-laden Respiratory Particles Based on Statistical Evaluation of

One Emitting Person INAOOTS ........ccviiiiriiiiiiiieiei ettt sne s 1455
Ruben Makris, Eugen Lichtner, Karsten Tawackolian, Kevin Lausch, Julia Lange, Claudia
Kopic, Martin Kriegel

New Methodology to Qualify Office Microbial Air Quality with Air-Handling-unit-filters...........ccc.ccoennee. 1463
Gaétan Pavard, Aurélie Joubert, Yves Andres, Pierre Le Cann



Next-Generation Sequencing Survey of the Microbiome in Supply Air Duct of Air Conditioning
N 1S) 10 F SO P PP UR PRSI 1465
Kensuke Watanabe, U Yanagi, Naoki Kagi, Hoon Kim, Kenishi Azuma, Yoshihide Suwa

Predicting the Infection Probability Distribution Due to Airborne and Droplet Transmission.............c.ce.e... 1473
Miguel Yamamoto, Akihiro Kawamura, Hisashi Hasebe, Nobuhiro Miura, Takashi Kurihara,
Kengo Tomita, Keichi Suzuki, Shin-Ichi Tanabe, Satoshi Hori

Probiotic Cleaning Agents and INdoOr MICTODES...........cocoviiiiiiiiiiiiii s 1475
Maria Valkonen, Merja Korkalainen, Heidi Nurmonen, Asko Vepsdldinen, Anne Hyvdrinen,
Martin Tdaubel

Real Human Close Contact-Based Analysis on COVID-19 INterventions ............ccocevvrereiisieenenenenenennens 1477
Doudou Miao, Nan Zhang

Reducing the Risk of Indoor Transmission of SARS-CoV-2 Using UV-C Disinfection ............cccoovervrivernns 1479
Nabiha Ben Sedrine, P. G. Silva, A. L. Tomas, A. Reichel, P. M. Silva, J. Pinto, 1. Calado, J.
Campos, 1. Silva, V. Machado, R. Laranjeira, N. C. Santos, P. Abreu, P. Mendes

SARS-CoV-2 Air and Surface Contamination on a COVID-19 Ward and at Home .............cccovvvveeeiiiinnnnnnn. 1481
Lotta-Maria Adele Helena Oksanen, Jenni Virtanen, Enni Sanmark, Noora Rantanen, Vinaya
Venkat, Svetlana Sofieva, Kirsi Aaltonen, Ilkka Kivisto, Julija Svirskaite, Aurora Diaz Pérez,
Joel Kuula, Lev Levanov, Antti-Pekka Hyvdrinen, Leena Maunula, Nina Atanasova, Sirpa
Laitinen, Veli-Jukka Anttila, Lasse Lehtonen, Maija Lappalainen, Ahmed Geneid, Tarja
Sironen

SARS-CoV-2 Risk Assessment for a 30-minute Car JOUINEY ........ccovrireririeiiieiieninese e 1483
Giorgio Grossi, Fausto Arpino, Giorgio Buonanno, Gino Cortellessa, Alexander Mikszewski,
Lidia Morawska, Luca Stabile

Spread of Respiratory Infections in Indoor Work ENvironments...........cccoceevveneiiinienienienesieseesee e 1491
Jouni J. K. Jaakkola, Taina K. Lajunen, Maritta S. Jaakkola

Study of Indoor Turbulence with Supercomputers; How to Reduce the Risk of Airborne
Transmission of Respiratory Pathogens INAOOTS ...........cccoiiiiiiiiiiiiii e 1493
Mikko Auvinen, Antti Hellsten, Tiia Gronholm, Joel Kuula

Surface Cleanliness in HOSPItality SPaces........ccoviiuiiiiiiiiieiieinese et 1495
liris Pulkkinen, Ulla Haverinen-Shaughnessy, Eugene Cole, Greg Whiteley, Richard
Shaughnessy

The Effect of Ventilation Performance on Risk of Indoor Airborne Transmission of SARS-CoV-2.............. 1497

Natalia Lastovets, Piia Sormunen

The Influence of Air and Water Conditions on the Generation of Bioaerosols in the Building
DITAINAGE SYSEEIML ... .eutiutiaieite sttt ettt sttt h ekt b b e e e e bt e b e e b e e b e e e e b ne e e bt e b e eb e e bt e e e nenneanenbeane s 1499
Michael Gormley

Transient Zonal Modeling of SARS-CoV-2 Airborne Infection Risk for Incomplete Mixing Air
I D5 Lod0 T8 ey a1 (14 0o e K 1501
Amar Aganovic, Guangyu Cao, Jarek Kurnitski, Arsen Melikov, Pawel Wargocki

Uncertainty Analysis of Safe Excess CO, Threshold for Indoor Infection Risk Control .............ccccocervnnnne. 1503
Xiaowei Lyu, Zhiwen Luo, Li Shao

Under What Circumstances Would Airborne Transmission of SARS-CoV-2 Occur?........ccoeevvveeiiieeeeiiineeenns 1505
Pan Cheng, Kaiwei Luo, Shenglan Xiao, Yuguo Li



Upper-Room Germicidal Ultraviolet (UR-GUV) Application in High-Ceiling Indoor Settings for
Disinfection Of AITDOINE VITUSES .......iiiiiuieeeiiiiiieiiiii e ctte e e s e e e stee e e stre e e s stbe e e s stae e e sbaeeesstbeeesassaeeesneeeesnseeeeanns 1507
Shengwei Zhu, Tong Lin, Edward A. Nardell, Richard L. Vincent, Jelena Srebric

SUSTAINABILITY AND CLIMATE CHANGE

Analysis of the Thermal Performance of Thermally Activated Ceiling SIts .........ccocovveriiinieiieicneicne e, 1509
Ken Tkai, Jun Shinoda, Kan Shindo, Takeshi Takenaka, Shuichi Tamura, Tetsuo Kobori, Shin-
Ichi Tanabe

Assessing the Impact of Natural Ventilation on Indoor Environmental Quality in an Energy-
EffiCIeNnt BUILAING ....veeveiiiie ettt bbbt e e b e e b e e b e e e e sse e ebeenb e e beesbeesbennne s 1517
Ibrahim Alhindawi, Miriam Byrne, Divyanshu Sood, James O’ Donnell, James McGrath

BENEFIT - Building Evaluations for Indoor Air Quality and Comfort in the Non-Residential Sector
Following Energy Efficient IMProvement...........cccccciiriiiiiiiiiiiiccs s 1519
James A. McGrath, Miriam A. Byrne

Building Energy Sustainability Using DSF Design Applied in a Small House...........ccccovviiinienieniniennns 1521
Eusebio Conceicdao, Jodo Gomes, M* Inés Concei¢do, M Manuela Liicio, Hazim Awbi

Carbon Footprint and Indoor Climate of Family Houses in SIovakia .........ccccoivviiinininiiiiiece s 1529
Katarina Harcarova, Jana Budajova, Silvia Vilcekova, Eva Kridlova Burdova, Peter Kapalo

Comparisons of Exhaust and Supply Ventilation Strategies on Indoor Air Quality ..........cccoeveviviiiiieieennenn. 1536
Yigang Sun, Kiel Gilleade, Paul Francisco, Zachary Merrin, William Rose, Jason Lafleur

Cost Performance Analysis of Water Damages for Sustainable Prevention Measures. ...........ccccceoerininnnnns 1538
Christian Mattsson, Birgitta Nordquist, Dennis Johansson, Petter Wallentén, Hans Bagge

Energy-Saving Potential of Using Metal-organic Frameworks (MOFs) for Indoor Moisture Control:
A PaSSIVE APPIOACKH ... et n e 1546
Menghao Qin, Menghao Qin

Estimating the Influence of Outdoor Air Pollution on European Natural Ventilation Potential ..................... 1548
Evangelos Belias, Louis Jean Pierre Dupart, Dusan Licina

Exploring the Indoor Air Quality in the Context of Changing Climate in Residential Buildings
USING CONTAM ..ottt et e e et r et e e et e s r et re e re e nnns 1550
Mohsen Pourkiaei, Anne-Claude Romain

Flexible Integrated Energy System for Buildings to Meet the Demand of Energy Use and Healthy
Indoor Environment: A Case STUAY ........ccooiiiiiiiiiiiii i 1558
Liuliu Du-Ikonen, Xiaojie Lin, Wei Zhong, Hongfei Zhao, Mika Luoranen, Risto Soukka

TAQ as a Grid Resource-Really? ...........cccoiiiiiiiiiiiii e 1560
Jordan Clark, Matt Young

IAQ Legal Compliance is Enough to Protect Health Concerning Exposure to Microbiologic
AGENTST ... e e 1562
Bianca Gomes, Marta Dias, Renata Cervantes, Liliana Aranha Caetano, Carla Viegas

Indoor Emissions from Circular and Renewable Materials for Buildings..........ccccocviiiiniiiiiiicncniicnenns 1564
Helene Bendstrup Klinke, Morlin Méller



Indoor Environment Quality and Energy Performance Before and After Energy Retrofit............cccccoeviinnine 1571
Mickael Derbez, Elodie Said, Virginie Desvignes, Youssouf Nasfane, Rukshala Anton,
Stephanie Derouineau, Corinne Mandin

Influence of Climate Change on Indoor Air Quality: Concept of IAQCC Model..........cocovvviiiiiniiininnnnns 1573
Jiangyue Zhao, Tunga Salthammer, Alexandra Schieweck, Erik Uhde, Tareq Hussein, Florian
Antretter, Matthias Pazold, Wolfram Birmili

Influence of Climatic Conditions on Communicable and Non-Communicable Diseases in Tropical
G e 101113 OO T TP O U P T S PTRRTRTOPOP 1575
Rosa Asiga Cahya Adhianti, Tetsu Kubota, Radyan Putra Pradana, Lee Hansoo

Influence of Outdoor Temperature and Japanese Regulation of Energy Efficiency on Long-Term
VAL SEALISTIC ..ot tee ittt sttt ettt ettt ettt sttt b e ekt e e ae e bt e ebe e eb e e s bt ea ke eh b e eb e e s b e e nh e e ebe e bt e abeeheeehe e b e e bt enbeasbennee s 1577
Taro Mori, Kyoko Aoyama, Mai Hasegawa, Motoya Hayashi

Life Cycle Assessment of Nanofibrous Air Filtering Materials and Respirators.........cccccvvevvvvenienieienieninens 1585
Inga Stasiulaitiene, Viktorija Verkiene, Lauryna Dabasinskaite, Justinas Masionis, Edvinas
Krugly, Tadas Prasauskas, Dainius Martuzevicius

Power Outage Experiment Assessing Energy and Thermal Environment in a Collective Residence ............ 1587
Jungmin Kim, Miki Takaki, Shusuke Takahashi, Kazuya Matstuo, Toru Shiba, Shin-Ichi
Tanabe

Predicting Natural Ventilation Potential in Idealised Urban Neighbourhoods in Shanghai, China................ 1595

Xiaoxiong Xie, Zhiwen Luo, Sue Grimmond, Ting Sun, Lewis Blunn

Predictive Model of Natural Ventilation Rate Based on Transfer Learning ............ccooovevviienienieiieneniennens 1597
Dong Yoon Park, Hansaem Park, Jihyun Kang

Proposal and Evaluation of Energy-Saving IAQ Control Retrofit Technology for Educational
BUILAINGS -ttt bbbt e R bRt R R Rt Rt nn e n b 1599
Ho Hyeon Jo, Jihee Nam, Yujin Kang, Sumin Kim

Re-Examination of Indoor Thermal Environment in Subtropical RC Buildings..........cc.ccoovviviieiinininnnene, 1601
Jun-Ichiro Gioirgos Tsutsumi, Ryo Nakamatsu, Rizky Uno Ananda, Fumio Kobayashi, Masaru
Matsuda

Role of Occupancy and Indoor Temperature on Energy Efficiency of Tiny Housing .........cccccevvierininennns 1609

Manoj Kumar Satheesan, Kwok Wai Mui, Ling Tim Wong

Study on Indoor Physical Environment of Family Ward in Transition S€ason...........c.cccoevevvrierieerienneeniennne. 1617
Yuging Zhang, Qinglin Meng, Xiao Liu, Bin Li, Luca Caneparo

Systematic Airflow Management for Energy Savings and Indoor Air Quality in Residential
RELTOTIES ...t r bt h e bt e R b bt e n e Rt Rt er s 1625
Yigang Sun, William Rose, Jason Lafleur, Zachary Merrin, Paul Francisco

The Periodic Use of Ventilation - Effects on Pressure Differences and Microbe Concentrations .................. 1627
Vesa Erik Asikainen, Pertti Pasanen

Thermal Comfort and Electricity Supply-Demand in Net-Zero Energy Houses During Power

L0 0L T o OO T T S OO U PO PRTUPPTPPPTOPRTOPRN 1629
Kanta Amada, Jungmin Kim, Manae Inaba, Mizuho Akimoto, Seiichi Kashihara, Shin-Ichi
Tanabe



Using CityGML to Study Embodied Carbon and Renewable Energy in ToKyo0.........ccccovviiiiiiciininineie, 1637
Kan Shindo, Ryo Nitta, Ryota Matsumura, Ken Ikai, Miku Tazaki, Yutaro Ogawa, Yuki Saito,
Shin-Ichi Tanabe

Work Environment Considering Emotional Intelligence Quotient of Workers in Hybrid Workstyle............. 1643
Kosuke IThara, Masanari Ukai, Yuta Fukawa, Yuto Chimoto, Takuya Murakami, Shino Kanie,
Osamu Kiyota, Osamu Kunitomo, Hiromichi Nishida, Shin-Ichi Tanabe

Preliminary Results from a Study of Heat Pump Impacts in Low Income New-Zealand Households........... 1650
Caroline Fyfe, Arthur Grimes, Shannon Minehan, Phoebe Ana Taptiklis

PRIORITIZING OF IEQ CONTRIBUTORS AND GUIDELINES

An Epidemiological Approach to Studying Building Indoor ClImate .............cecververinenininieiieenesese e 1652
Asit Kumar Mishra, Pawel Wargocki, Jamie Goggins, David Fisman

ASHRAE’s New Position Document on Indoor Carbon Dioxide Concentrations ............ccovvvveeeeeiiiiiivneenrennns 1654
Andrew Persily, William Bahnfleth, Howard Kipen, Josephine Lau, Corinne Mandin, Chandra
Sekhar, Pawel Wargocki, Lan Chi Weeks

CFD Investigation of Rack-Level Airflow Distribution Optimization in a Simplified Data Centre
with Non-uniform Front-door Porosity of RacKS ... 1656
Xiaolei Yuan, Yumin Liang, Yigun Pan, Risto Kosonen

Development Needs of Indoor Air Problem-Solving Processes in Finnish Workplaces...........c.cccooevvniinnns 1664
Titta Manninen, Sanna Lappalainen, Tarja Hartikainen, Hanne Lindqvist, Jussi Niemi,
Anniina Salmela

Development of Specific Criteria-Set for the Long-Term Assessment of Indoor Air Quality............ccoceeveeee. 1669
Aneka Klavina, Buka Berzina, Ruta Kauce, Klinta Luize Sprudza, Zanna Martinsone

Factors Contributing to Limited Progress in [AQ Management and How to Change It: A Review ............... 1677
Lidia Morawska, Wei Huang

Finnish Guideline for Inspecting Ventilation SYStEMS.........ccccuvviieiiriiiiiiiinieceese s 1679
Rauno Holopainen, OIli Seppdnen, Siru Lonngvist, Mervi Ahola, Samuli Kénko, Jorma Siteri

Guidelines to Investigate and Repair Indoor Air Problems in Buildings..........ccccoovviiriiinniie i 1685
Miia Pitkdranta, Inari Weijo

Health Canada Risk Assessment Prioritization Process for Indoor Air Contaminants ............ccoceevverueerieninns 1693
Stephanie Wille, Michelle Deveau, Patrick Goegan, Katherine Guindon-Kezis, Jocelyn Moore

Health Criteria for Marketing of Construction Products in Europe Are Still MiSSing.........cccccovvververenieninens 1695
Ana Maria Scutaru, Outi [lvonen

Healthy Premises 2028 Programme Tackles Indoor Air Problems..........c..ccccoiiiiiiiiiiiiiiiccccee, 1698
Katja Marjut Outinen, Vesa Pekkola, Timo Lahti, Mikko Helasvuo

Indoor Environmental Quality Rating Using the TAIL Scheme...........cccoviiiieiieiininee e 1706
Pawel Wargocki, Wenjuan Wei, Corinne Mandin

The Role of Experts in Occupational Disease Litigation on Indoor Mold Injury...........ccoceevvvvivcninininnnnns 1708
Sami Torssonen



TOXinTRANSPORT: Project About Toxicological, Chemical and Physical Characterizations of

Particles in the Cabin Air of TRANSPORT in MOVEMENL .....uvvviiiieiiiiiiiiiiiiie e csiiiirrie e e ssibrree s e e s seisssaesse e 1710
Jessica Queron, Ambre Delater, Guislaine Lacceoix, Matheus De-Mendonca-Andrade, Brice
Berthelot, Cléo Tebby, Olivier Le Bihab, Alexandre Albinet, Marc Durif, Gaélle Uzu, Sylvie
Ngo, Guillaume Suarez

Ventilation and Indoor Climate Problems in New Finnish Buildings...........ccoovvoveiininniiniiceese e 1712
Lari Eskola, Marko Bjérkroth, Helena Noetzel, Elli Laine

What Can We Learn from the Houses 0f the Past?.........ciiiiiiiiiiiiiiii it 1720
Mette Lyhne

SUMMARIES OF THE WORKSHOPS

The Need for Causal Inference Methods in Indoor Environmental Quality Research ............ccccccovviniinnnnne 1722
Sandra Dedesko, Ardeshir Mahdavi, Marcel Schweiker, Donna Vakalis

The National Indoor Air and Health Programme 2018-2028 in Finland ..........cccocoviiniininnieneiiecece 1730
Anne Hyvidrinen, Juha Pekkanen, Markku Sainio, Miia Aro

Challenges in Ventilation for the Operating Theatres of the Future: Making the Invisible Visible ................ 1734
Amirul Khan, Guangyu Cao, Sasan Sadrizadeh, Kim Hagstrom

Indoor Air Quality in the Context of Child Environment — Where Do We Go from Here?...............ccocevvnine 1737
Klara Slezakova, Jodo Paulo Teixeira, Lidia Morawska, Luca Stabile, Joana Madureira,
Tamas Szigeti, Giorgio Buonanno, Xavier Querol

Best Candidates for a Health-Based Guideline for Indoor Moisture/mould............ccooviiiiiiniinieniciinennns 1745
Juha Pekkanen, Mark Mendell, Ju-Hyeong Park, Miia Pitkédranta

Radon Workshop: Controlling a Carcinogenic Indoor Air Pollutant.............c.ccoociiiiiiiiiiiniineniecsenee 1752
Bernard Collignan, José-Luis Gutiérrez Villanueva, Corinne Mandin

How to Quantify Impacts of Low-Cost Solutions to Mitigate Indoor Air Pollution (IAP) in
1o 1 Lo ) F USROS 1757
Pedro Branco, Sofia Sousa, Lidia Morawska, Isabella Annesi-Maesano, Juliana Sa

Non-Conventional/traditional Numerical Methods for Indoor and Outdoor Airflow Modelling ................... 1764
Amirul Khan, Twan Van Hooff, Wei Liu, Eugene Mamulova

ADDITIONAL PAPERS

Development of an Improved Method for Non-Targeted Analysis of Indoor Dust with
Comprehensive High-resolution Mass SpectrOmetry .........ccocviiiiiiiiiiiiiiiiiisieee e 1768
Xiaojing Zhang, Asit Mishra, Pawel Wargocki

Carbon Dioxide Levels in Buildings, Cognitive Performance, Physiological Responses, and Health
0 1 S 1770
Xiaojing Zhang, Asit Mishra, Pawel Wargocki

Dynamic Behaviors of Phthalate Monoesters and Diesters in an Office: Effects of Temperature and

VENtIAtION RALE ....ectiiiiiii ittt sb bttt s bt ek bbb e b e e s b e e sbe e bt e me e eheeeheenbe e bt enbeenbeniee s 1772
Yatai Li, Longkun He, Di Xie, Anqi Zhao, Lixin Wang, Nathan M. Kreisberg, John Jayne,
Yingjun Liu



Effect of Solar Radiation on Human Physiological Parameters .............ccocvviviiiciiininiiiisccecse e 1774
Guodan Liu, Yang Yang, Yao Zhang, Gang Wang, Shimin Liang, Chuanrui Li, Songtao Hu

Usefulness of Electrostatic Dust Collectors for Assessment of Mould Contamination and Its

Determinants in Dwellings from Patients with Chronic Respiratory DiSeases..........c.ccovvvviiriviieneninieniennens 1782
Emilie Hecquet, Anne-Charlotte Lompret-Bryck, Elodie Drumez, Alain Duhamel, Corentin
Job, Corinne Schadkowski, Emilie Fréalle

Review on the Impact of Climate Change on Indoor Air QUality ..........ccocvviiiiiiiiiiiii e, 1784
Aya Mansouri, Wenjuan Wei, Jean-Marie Alessandrini, Corinne Mandin, Patrice Blondeau

Estimating Outdoor Air Originated PM» s Concentration in Residences........c.coovevvrierinnienieeniesne e 1786
A. Korhonen, I. Rumrich, H. Lehtomdki, B. Braithwaite, C. J. Lin, M. Lazaridis, S. M.
Almeida, E. Diapouli, C. Geels, O. Hinninen

Indoor Air Quality in Danish Schools — The Results from Three Measurement Campaigns (2009,
2014 and 2021) in More than 2000 CIASSTOOMS ......vvtiierrieriiersriessieessieessieessseessteessseessseessseeesseessseesssesssseeans 1788
Geo Clausen, Jorn Toftum

Impact of Thermal Heat Loads on Air Distribution Patterns in Open-Plan Offices with Active

Chilled Beams (ACBS) ....ooiiiiriiiiiiiii e e 1790
Haider Latif, Samira Rahnama, Alessandro Maccarini, Goran Hultmark, Klemen Rupnik,
Alireza Afshari

Indoor Air Quality in Office Buildings Under Different Set Point Temperature...........cc.coeovviverenenenenennens 1798

Fangning Shi, Haiyan Yan, Zhen Sun, Guodong Yuan, Linxiao Xie, Dongyu Lu, Wanying Luo,
Yihan Jia, Qingying Wang, Jipan Li, Yajie Cao

A Method of Selecting Future Reference Years for Indoor Overheating Assessment ...........cc.cccoeviiennnnene. 1806
Jiwei Zou, Abhishek Gaur, Liangzhu (Leon) Wang

Sensors for Ventilation: Evaluation of Low-Cost Indoor Air Quality Sensors Measuring Volatile
Organic Compounds and Particulate Matter............cciiiiiiiriiieie e 1815
Hanna Askemar, Anna Bredberg, Caroline Markusson, Linda Hdigerhed

A Randomized Controlled Trial of Acute Health Effects from Exposure to Indoor Ultrafine

J ) (1o (< IO OTOTPR 1817
Karin Rosenkilde Laursen, Berit Brondum Rasmussen, Bernadette Rosati, Vibeke Heitmann
Gutzke, Kirsten Ostergaard, Peter Ravn, Soren Kjergaard, Merete Bilde, Marianne Glasius,
Torben Sigsgaard

Crossover Study of the Impact of Advanced Air Pollution Control on Cardiopulmonary Health in a

SIMUIAEd APATTINIEIIE .....eviiviiiiieieiiei e et 1820
Jovan Pantelic, Qingyang Liu, Sara Aqristizabal, Araliya Senerat, Young Joo Son, Kunjoon
Byun, Linhao Li, Nadia Wood, Charlene Wibben, Aidan Mullan, Rongpeng Zhang, Bruce
Johnson, Nicholas Clements

Advanced Air Pollution Control for Cooking Emission Mitigation ............ceceeverieninineninieeieeseeesee s 1822
Qingyang Liu, Young Joo Son, Brent Staven, Jovan Pantelic

Study of a Room Air Distribution Modelling Using a Vertical Confluent Jets Ventilation System................ 1824
Marta Keller, Serena Marin, Davide Campagnolo, Francesca Borghi, Giacomo Fanti,
Sabrina Rovelli, Andrea Spinazzé, Andrea Cattaneo, Domenico M. Cavallo

Probing Indoor Air Quality and Chemical Fingerprinting in Residential and Commercial Buildings............ 1832
Chou-Hsien Lin, Mitchell J. Thompson, Pawel K. Misztal



Outdoor NOy Plumes Ventialted Indoors Likely Perturb VOC Oxidation Chemistry and Enhance

J oY LTt w Vo LAl R0 500 F:15 (o) WU

Michael Link, Lauren Garofalo, Delphine Farmer, Jienan Li, Jenna Ditto, Jie Yu, Han Huynh,
Kathyrn Mayer, Jonathan Abbatt, Stephen Zimmerman, Dustin Poppendieck

Time Series Clustering of CO, Concentration Sensor Data for Risk Classification...........cccccceecvvivvrnnnnen.

Yuto Kawauchi, Yo Ishigaki, Shinji Yokogawa

Modelling Study of Interactions of Ozone and Hydrogen Peroxide on Indoor Surfaces ............ccccceevenns

Toby J. Carter, Dustin G. Poppendieck, David Shaw, Nicola Carslaw

Moisture Risk Assessment and Material Emissions of Plastic Carpets on Concrete Floor .............c.c......

Paul Sekki, Katariina Laine, Sami Niemi, Jarno Komulainen

Mixture of VOCs to which Children are Exposed in Different Indoor Settings...........ccoccecevivivnciicnennnns

Marta Fonseca Gabriel, Fatima Felgueiras, Zenaida Mourao, Eduardo de Oliveira
Fernandes

Author Index





