
 

 

 

Ana Sofia Estevão Mendes 

 

 

 

THE INFLUENCE OF INDOOR ENVIRONMENT IN 

RESPIRATORY HEALTH AND QUALITY OF LIFE OF OLDER 

PEOPLE LIVING IN ELDERLY CARE CENTERS 

 

 

 

Tese de Candidatura ao grau de Doutor em 

Ciências Biomédicas, submetida ao Instituto 

de Ciências Biomédicas Abel Salazar da 

Universidade do Porto. 

 

Orientador – Doutor João Paulo Teixeira 

Categoria – Investigador Auxiliar 

Afiliação – Instituto de Ciências Biomédicas 

Abel Salazar da Universidade do Porto 

 

Coorientador – Doutora Beatriz Porto 

Categoria – Professor Auxiliar 

Afiliação – Instituto de Ciências Biomédicas 

Abel Salazar da Universidade do Porto 

 

 



 

 

 

 



 

 

The work presented in this thesis was performed at the: 

� Environmental Health Department of the National Institute of Health, Porto, 

Portugal; 

� Chronic Diseases Research Center (CEDOC), Nova Medical School (NMS), 

Nova University of Lisbon, Portugal; 

� Faculty of Science and Technology, Nova University of Lisbon, Portugal; 

� Institute of Public Health (ISPUP), Porto University, Portugal; 

� National Laboratory for Civil Engineering, Lisbon, Portugal. 

 

 

Statistical analysis was performed at the Unit of Clinical and Molecular Epidemiology, 

IRCCS San Raffaele Pisana, Rome, Italy and at CEDOC from NMS, Nova University of 

Lisbon, Portugal. 

 

 

This work was supported by the Portuguese Foundation for Science and Technology 

(FCT) under the grant SFRH/BD/72399/2010, under the QREN - POPH - Type 4.1 - 

Advanced Training, subsidized by the European Social Fund and national funds from 

the Ministry of Education and Science (MEC). This work was also supported by GERIA 

Project PTDC/SAU-SAP/116563/2010 through Operational Competitiveness Program 

(COMPETE) as part of the National Strategic Reference Framework. 

 

 

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

‘A goal without a plan is just a wish.’ 

Antoine de Saint-Exupery 

 

 



 

 

 



 

 

ACKNOWLEDGMENTS          

 

To my supervisor, Professor João Paulo Teixeira, for the guidance, support and the 

opportunity to start my research career. 

 

To Professor Beatriz Porto, my co-adviser, for the availability and all the accurate 

comments. 

 

To Professor Stuart Batterman, for all the support in the early stage of this work. 

 

Per il Professor Stefano Bonassi e il suo team di Epidemiologia Clinica e Molecolare 

per tutto il supporto nell'analisi statistica dei dati. Inoltre, l'IRCCS San Raffaele Pisana 

per avermi accolto durante il mio lavoro a Roma. 

 

To Professor Ana Luísa Papoila and Dr. Pedro Martins for all the cooperation, 

availability and commitment in the statistical analysis and review of the papers. 

 

I especially want to thank the support and collaboration of all my colleagues working in 

the Unit of Air and Occupational Health that cooperate closely with this project, 

particularly to Paula Neves, Cristiana Pereira, Susana Silva, Fátima Brandão, Diana 

Mendes and Luís Guimarães who supported the field monitoring and questionnaires, 

as well as, the immense amount of laboratory work, calculation and planning. 

 

A special recognition to Lívia Aguiar for all the work putting together the biological 

contamination article. 

 

To Iolanda, Teresa, Professor Amália Botelho and Professor Nuno Neuparth for all the 

work and precious knowledge throughout this project, particularly enabling the data 

quality of the health and quality of life questionnaires. 

 

To all the co-authors, of the articles included in this thesis, I appreciate their 

cooperation and availability. 

 

To all in the GERIA Project research team, Institute of Public Health of the University of 

Porto (ISPUP), Nova Medical School and Faculty of Sciences and Technology from 

Nova University of Lisbon and National Laboratory for Civil Engineering, for technical 

cooperation in the field of health, buildings and ventilation assessment. 



 

 

 

To Fundação para o Desenvolvimento Social do Porto, FP, known as Fundação Porto 

Social, for welcoming our project ideas and enable the contacts with all the participant 

institutions in Porto city. 

 

I am indebted to all of the participants in the GERIA Project as well as to the 

professionals and older people living in the elderly care centers and the authorities 

from which they depend. 

 

To Joana Madureira for sharing her know-how and perform the review of technical 

contents. 

 

To Solange Costa and Carla Costa for all the advices and encouragement. 

 

Finally, but always in the first place, a very special and warm acknowledgment to my 

family, for always be there, for always believe in my work and for always remember me 

the true values of life. 

 

Dedicado ao Rui, à Beatriz e aos meus pais, esta tese também é vossa… 

 

Ana Sofia Mendes 

Porto, Janeiro de 2016 

 



 

 
i 

CONTENTS            

 

LIST OF ORIGINAL PUBLICATIONS .......................................................................... III 

LIST OF FIGURES ..................................................................................................... VII 

LIST OF TABLES ........................................................................................................ IX 

LIST OF ABBREVIATIONS .......................................................................................... XI 

ABSTRACT ............................................................................................................... XIII 

RESUMO ................................................................................................................... XV 

1. INTRODUCTION ................................................................................................... 1 

2. REVIEW OF THE LITERATURE ........................................................................... 7 

2.1 Indoor Environment Quality and Health ........................................................... 9 

2.2 Indoor Parameters Sources and Health Effects ............................................. 13 

2.2.1 Chemical Parameters ............................................................................. 15 

2.2.2 Biological Parameters ............................................................................. 19 

2.2.3 Physical Parameters ............................................................................... 21 

2.3 Indoor Environment Quality Control Strategies .............................................. 25 

2.4 Susceptible Populations Health and Indoor Environment Quality .................. 27 

2.5 Influence of Indoor Environments in the Respiratory Health and Quality of Life 

in Older People ................................................................................................... 29 

3. RATIONALE, MOTIVATION AND AIMS .............................................................. 31 

3.1 Rationale and Motivation ............................................................................... 33 

3.2 Aims .............................................................................................................. 37 

3.3 Brief paper description and interconnection ................................................... 39 

4. MATERIAL AND METHODS, RESULTS AND DISCUSSION .............................. 43 

I. Indoor Air Quality and Thermal Comfort – Results of a Pilot Study in Elderly 

Care Centers in Portugal ..................................................................................... 45 

II. Indoor Air Quality and Thermal Comfort in Elderly Care Centers ..................... 61 

III. Biological Air Contamination in Elderly Care Centers: GERIA Project ............ 79 

IV. The Impact of Indoor Air Quality and Contaminants on Respiratory Health of 

Older People Living in Long-Term Care Residences in Porto .............................. 97 

V. The Influence of Thermal Comfort on the Quality of Life of Nursing Home 

Residents .......................................................................................................... 107 

5. GLOBAL DISCUSSION ..................................................................................... 137 

5.1 Indoor Air Quality and Thermal Comfort Results ......................................... 139 

5.2 The Impact of Indoor Environment on Respiratory Health of Older People .. 143 



 

 
ii 

5.3 The Influence of physical parameters in Older People Quality of Life .......... 145 

5.4 Recommendations for improvement of indoor environment quality in elderly 

care centers ...................................................................................................... 147 

6. CONCLUSIONS ................................................................................................ 149 

7. REFERENCES .................................................................................................. 153 

 

APPENDICES 

A. RESPIRATORY HEALTH AND QUALITY OF LIFE QUESTIONNAIRE 

B. BUILDINGS AND ROOMS CHARACTERIZATION QUESTIONNAIRE 

C. RESPIRATORY HEALTH AND QUALITY OF LIFE QUESTIONNAIRE DECLARATION CONSENT 

D. INDOOR ENVIRONMENT REPORT TO THE PARTICIPANT ELDERLY CARE CENTERS 

E. CHAPTER QUALITY OF LIFE in PROJECT GERIA E-BOOK 

 

 



 

 
iii 

LIST OF ORIGINAL PUBLICATIONS        

 

This thesis is based on the following publications, which will be referred to in the text by 

their Roman numerals: 

 

I. Ana Mendes, Cristiana Pereira, Diana Mendes, Lívia Aguiar, Paula Neves, Susana 

Silva, Stuart Batterman, João Paulo Teixeira. Indoor Air Quality and Thermal Comfort - 

Results of a Pilot Study in Elderly Care Centers in Portugal. Journal of Toxicology and 

Environmental Health. Part A: Current Issues, 76:4-5, 333-344, 2013. 

 

II. Ana Mendes, Stefano Bonassi, Lívia Aguiar, Cristiana Pereira, Paula Neves, Susana 

Silva, Diana Mendes, Luís Guimarães, Rossana Moroni, João Paulo Teixeira. Indoor 

Air Quality and Thermal Comfort in Elderly Care Centers. Urban Climate 14 (2015) 

486-501. 

 

III. Lívia Aguiar, Ana Mendes, Cristiana Pereira, Paula Neves, Diana Mendes, João 

Paulo Teixeira. Biological Air Contamination in Elderly Care Centers: GERIA Project. 

Journal of Toxicology and Environmental Health, Part A: Current Issues, 77:14-16, 

944-958, 2014. 

 

IV. Ana Mendes, Ana Luísa Papoila, Pedro Martins, Stefano Bonassi, Iolanda Caires, 

Teresa Palmeiro, Lívia Aguiar, Cristiana Pereira, Paula Neves, Diana Mendes, Amália 

Botelho, Nuno Neuparth, João Paulo Teixeira. The Impact of Indoor Air Quality and 

Contaminants on Respiratory Health of Older People Living in Long-Term Care 

Residences in Porto. Journal Age and Ageing 2016;45: 136–142. 

 

V. Ana Mendes, Ana Luísa Papoila, Pedro Martins, Lívia Aguiar, Álvaro Silva Ribeiro, 

Stefano Bonassi, Iolanda Caires, Teresa Palmeiro, Amália Botelho, Nuno Neuparth, 

Cristiana Pereira, Paula Neves, João Paulo Teixeira. The Influence of Thermal Comfort 

on the Quality of Life of Nursing Home Residents. Submitted to Indoor and Built 

Environment (2016). 

 

 

 

The original publications are reprinted in accordance with the respective ‘Copyright 

Transfer Agreements’ 



 

 
iv 

The present work also contains techniques and/or data also presented in the following 

scientific papers: 

 

� Pedro Carreiro-Martins, Joana Gomes-Belo, Ana Luísa Papoila, Iolanda Caires, 

Teresa Palmeiro, João Gaspar- Marques, Paula Leiria-Pinto, Ana Sofia 

Mendes, João Paulo-Teixeira, Maria Amália Botelho, Nuno Neuparth. Chronic 

Respiratory Diseases and Quality of Life in Elderlies. Chronic Respiratory 

Disease (2016). DOI: 10.1177/1479972316636990. 

 

� Aelenei, D., Nogueira, S., Viegas, J., Mendes, A., Cano, M., Cerqueira, F. 

Caracterização Experimental das Taxas de Renovação Horária em 

Residências para Pessoas Idosas - Resultados Preliminares do Projeto GERIA. 

PATORREB 2015 - 5ª Conferência sobre Patologia e Reabilitação de Edifícios, 

26-28 de Março de 2015. 

 
� A. Mendes, A. L. Papoila, P. Martins, I. Caires, T. Palmeiro, L. Aguiar, C. 

Pereira, P. Neves, S. Costa, J. Teixeira. Health Impact of Indoor Air quality on 

Elderly living in Care Centres located in Porto city. Eurotox 2015 - 51st 

Congress of the European Societies of Toxicology. 13-16 September 2015, 

Porto, Portugal. Toxicology Letters 10/2015; 238(2):S125-S126. 

DOI:10.1016/j.toxlet.2015.08.398. 

 

� Ana Mendes, Ana Luísa Papoila, Pedro Martins, Iolanda Caires, Teresa 

Palmeiro, Lívia Aguiar, Cristiana Pereira, Paula Neves, Amália Botelho, Nuno 

Neuparth, João Paulo Teixeira. O Impacto do Ambiente Interior na Saúde 

Respiratória dos Idosos - Resultados Preliminares do Projeto GERIA. Boletim 

Epidemiológico Observações, Nº temático 4 - Saúde Ambiental. 2014. ISSN 

2182-8873. 

 

� Manuela Cano, Susana Azevedo, Fátima Aguiar, Ana Sofia Mendes, Nuno 

Rosa. Contaminação do Ambiente Interior de Creches e Jardins-de-Infância por 

Ácaros do Pó Doméstico – Estudo ENVIRH. Boletim Epidemiológico 

Observações, Nº temático 4 - Saúde Ambiental. 2014. ISSN 2182-8873. 

 

� Lívia Aguiar, Ana Mendes, Cristiana Pereira, Maria Paula Neves, João Paulo 

Teixeira. Contaminação microbiológica do ar em lares da 3ª idade na cidade do 

Porto: Projeto GERIA. Boletim Epidemiológico Observações, Volume 3, 



 

 
v 

Número 10, Outubro - Dezembro 2014. Instituto Nacional de Saúde Dr. Ricardo 

Jorge, I.P, ISSN: 2182-8873, 0874-2928. 

 

� Ana Mendes, Lívia Aguiar, Cristiana Pereira, Paula Neves, Susana Silva, João 

Paulo Teixeira. 2014. Qualidade do ar interior em lares de idosos em Portugal, 

Projeto GERIA. Boletim Epidemiológico Observações, Volume 3 - Número 9, 

Julho - Setembro 2014. Instituto Nacional de Saúde Doutor Ricardo Jorge, IP. 

ISSN: 0874-2928 | ISSN: 2182-8873. 

 

� Ana Mendes, Daniel Aelenei, Ana Luísa Papoila, Pedro Martins, Lívia Aguiar, 

Cristiana Pereira, Paula Neves, Susana Azevedo, Manuela Cano, Carmo 

Proença, João Viegas, Susana Silva, Diana Mendes, Nuno Neuparth, João 

Paulo Teixeira. 2014. Environmental and Ventilation Assessment in Children 

Day Care Centers in Porto: The ENVIRH Project. Journal of Toxicology and 

Environmental Health, Part A. ISSN: 1093-7404. 

DOI:10.1080/15287394.2014.911134. 

 

� Pedro Martins, João Viegas, Ana Luísa Papoila, Daniel Aelenei, Iolanda Caires, 

José Martins, João Marques, Maria Manuela Cano, Ana Sofia Mendes, Daniel 

Virella, José Rosado-Pinto, Paula Leiria-Pinto, Isabella-Annesi Maesano, Nuno 

Neuparth and ENVIRH Study Group. 2014. CO2 concentration in day care 

centers is related to wheezing in attending children: a two-phase survey. 

European Journal of Pediatrics. DOI 10.1007/s00431-014-2288-4. 

 

Book chapters: 

 
� Mendes, A., Teixeira, J.P., 2014. Sick Building Syndrome. In: Wexler, P. (Ed.), 

Encyclopedia of Toxicology, 3rd edition vol 4. Elsevier Inc., Academic Press, 

pp. 256–260. 

 

� Ana Mendes, Pedro Martins, Ana Luísa Papoila, Iolanda Caires, Teresa 

Palmeiro, Lívia Aguiar, Cristiana Pereira, Paula Neves, Amália Botelho, Nuno 

Neuparth and João Paulo Teixeira. Quality of Life. In: J. P. Teixeira et al. (Eds), 

Geriatric Study in Portugal on Health Effects of Air Quality in Elderly Care 

Centers. Instituto de Saúde Pública da Universidade do Porto, September 

2015, ISBN: 978-989-98867-7-3 (ebk). 

 



 

 
vi 

Prizes and awards received 

 
� Taylor & Francis Book Awards - Oral Presentation: Ana Mendes, Lívia Aguiar, 

Diana Mendes, Cristiana Pereira, Susana Silva, Luís Guimarães, Maria P. 

Neves, João P. Teixeira. The effects on health of Indoor Air Quality and 

Thermal Comfort in elderly care centers. International Conference on 

Occupational & Environmental Toxicology (ICOETox 2013). 16th & 17th 

September. Porto. Portugal (2013). 

 



 

 
vii 

LIST OF FIGURES           

 

Figure 1. IEQ and its influencers’ multifactor parameters ............................................ 10 

Figure 2. Relations between IAQ and IEQ .................................................................. 11 

Figure 3. Aerodynamic diameter of difference sizes of PM ......................................... 17 

Figure 4. Lungs penetration of difference sizes of PM................................................. 17 

Figure 5. Portuguese demographic profiles: Population pyramids.. ............................. 34 

Figure 6. Portuguese demographic profiles: Line Charts. ............................................ 34 

Figure 7. Porto elderly population (No.) living in ECCs, by typology. ........................... 35 

 

 



 

 
viii 



 

 
ix 

LIST OF TABLES           

 

Table 1. Main indoor air contaminants, their sources and possible health effects. ...... 14 

Table 2. Environmental factors affecting the levels of pollutants ................................. 14 

Table 3. Most common airborne allergenic molds ....................................................... 20 

Table 4. Seven-point thermal sensation scale ............................................................. 22 

Table 5. Portuguese and International reference levels for chemical and biological 

parameters ................................................................................................................. 40 

Table 6. Portuguese and International reference levels for physical parameters ......... 40 

Table 7. Recommendations for improvement of indoor environment quality in elderly 

care centers: Ventilation, thermal comfort and rehabilitation & construction. ............. 147 

Table 8. Recommendations for improvement of indoor environment quality in elderly 

care centers: Moisture on the walls & ceilings, cleaning and daily life activities ......... 148 

 



 

 
x 

 



 

 
xi 

LIST OF ABBREVIATIONS          

 

ASHRAE - American Society of Heating Refrigerating and Air-Conditioning Engineers 

BOLD - Burden of Obstructive Lung Disease 

BRI - Building-related illnesses 

CO2 – Carbon dioxide 

CO - Carbon monoxide 

COPD - Chronic obstructive pulmonary disease 

CT – Conforto Térmico 

ECC – Elderly care centers 

ERPI - Equipamentos residenciais para pessoas idosas 

ETS - Environmental tobacco smoke 

EU - European Union 

GDP - Gross Domestic Product 

HVAC - Heating, ventilation, and air conditioning 

IAQ - Indoor air quality 

IEQ - Indoor environmental quality 

LTC - Long-Term Care 

NO2 - Nitrogen dioxide 

PM - Particulate matter 

PM2.5 - Particulate matter with an aerodynamic diameter smaller than 2.5 µm 

PM10 – Particulate matter with an aerodynamic diameter smaller than 10 µm 

PMV – Predicted mean vote 

PPD - Predicted percentage dissatisfied 

ppm - Parts per million 

PSSI - Private Social Solidarity Institution 

QoL - Quality of life 

QV – Qualidade de Vida 

SBS - Sick building syndrome 

SCMP - Santa Casa da Misericórdia do Porto 

SO2 - Sulphur dioxide 

TC - Thermal comfort 

TVOC - Total volatile organic compounds 

VOC - Volatile organic compounds 

WHO - World Health Organization 

WHOQOL-BREF - WHO Quality of Life-BREF 

WHOQOL Group - World Health Organization Quality of Life Group 



 

 
xii 



 

 
xiii 

ABSTRACT            

 

The mean age of the European population is rising and percentage of adults aged 65 

years and older is projected to increase from 16% in 2000 to 20% in 2020. It has been 

estimated that older subjects spend approximately 19 to 20 h/day indoors. Older 

individuals may be particularly at risk for detrimental effects from pollutants, even at low 

concentrations, due to reduced immunological defenses and multiple underlying 

chronic diseases. 

This cross-sectional study explored environmental variables and buildings 

characteristics in 22 elderly care centers (ECC) out of a total of 58 institutions in Porto, 

Portugal. Indoor environmental parameters were measured twice during summer and 

winter from November 2011 to August 2013 at a total of 141 sampling sites within 

dining rooms, drawing rooms, medical offices, and bedrooms (including the bedridden). 

Each site was assessed for PM10, PM2.5, total volatile organic compounds (TVOC), 

formaldehyde, CO, CO2, total bacteria and fungi. Thermal comfort (TC) parameters 

were measured according to ISO 7730:2005 and a building characterization was 

performed. Mean radiant temperature, predicted mean vote (PMV) and predicted 

percent of dissatisfied people (PPD) indices and the respective measurement 

uncertainties were calculated by Monte Carlo Method. 

To evaluate the influence of indoor environment parameters on older people’s 

respiratory health and quality of life (QoL), 21 of the former ECC accepted to 

participate in the health and QoL questionnaire administered by an interviewer to older 

residents able to participate (n=143). The standardized and validated Portuguese 

versions of BOLD and WHOQOL-BREF questionnaires were conducted from 

September 2012 to April 2013, along the winter season sampling campaign. 

Mixed effects logistic regression models were used to study the association between 

the health, QoL questionnaire results and the monitored indoor environmental 

parameters. In this sense, 135 rooms were considered to study the association 

between the health questionnaire results and the indoor variables, adjusted for age, 

smoking habits, gender and number of years living in the ECC, and 130 rooms were 

acknowledged to study the influence of TC in older people QoL. 

The leading indoor environment results showed overall PM2.5 mean and median 

concentration of the 22 ECC above international reference levels in summer and winter 

seasons. TVOC, bacteria, CO and CO2 showed significantly higher indoor levels 

compared to outdoor, in both seasons. Indoor PM10, TVOC, bacteria and CO2 present 



 

 
xiv 

significant differences between seasons and peak values exceeded the reference 

levels, compromising indoor air comfort. TVOC, bacteria and CO2 show significant 

variation between ECC rooms. In winter, mean fungi concentration exceeded reference 

values, while bacteria concentrations were within the new Portuguese standards in 

both seasons. The main fungi species found indoors were Cladosporium (73%) in 

summer and Penicillium (67%) in winter. Aspergillus fumigatus, Aspergillus niger, and 

Aspergillus flavus, known potential pathogenic/toxigenic species, were also identified. 

Although the overall rate and mean values of bacteria and fungi found in ECC indoor 

air met Portuguese legislation, some concern is raised by the presence of pathogenic 

microorganisms. The winter PMV index showed a ‘slightly cool’ thermal sensation scale 

which may potentiate respiratory tract infections. The PPD and PMV indices also 

showed significant differences by season. The building variables ‘Insulation’, ‘Heating 

Ventilation’ and ‘Windows frames’ were significantly associated to chemical, biological 

and TC parameters. ‘Bacteria’, ‘Fungi’, ‘Temperature’, Relative Humidity’, and ‘PPD 

index’ are the mostly affected by building characteristics.  

Cough (23%) and sputum (12%) were the major respiratory symptoms, and allergic 

rhinitis (18%) the main self-reported illness among the interviewed elderly living in the 

ECC. Older people exposed to PM10 above the reference levels demonstrated higher 

odds of allergic rhinitis (OR=2.9, 95% CI: 1.1–7.2). Therefore, high levels of PM10 were 

associated with 3-fold odds of allergic rhinitis. No association was found between 

indoor air chemical and biological contaminants and respiratory symptoms. 

The influence of winter season TC in older people QoL results showed that values of 

PMV above -0.7 had higher mean score of QoL (coefficient estimate: 11.13 units) when 

compared with values of PMV below -0.7. 

The results suggest a need to improve the balance between indoor air quality (IAQ) 

and TC in ECC, a critical environment housing a susceptible population. Simple 

measures, like opening windows and doors to promote air exchange and renewal, may 

improve effectiveness in enhancing IAQ. Insulating ceilings, walls, and windows could 

improve winter season TC, providing health benefits to ECC residents. 
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RESUMO            

 

Os idosos representam uma população suscetível apresentando um sistema 

imunológico mais enfraquecido e uma maior prevalência de doenças crónicas e de 

problemas respiratórios. Estudos indicam que esta faixa etária da população passa 

cerca de 19-20 h/dia em ambientes fechados tornando-se mais vulneráveis a 

complicações de saúde associadas à poluição do ar interior. Para além da qualidade 

do ar interior (QAI) também o ambiente térmico é um fator chave que pode afetar o 

conforto, a saúde e o bem-estar dos ocupantes. Esses efeitos podem resultar no 

aumento do uso de medicação e visitas ao médico, bem como, no acréscimo de 

admissões em hospital e mortes prematuras. 

 

Nesse sentido, o objetivo principal deste estudo transversal consistiu na avaliação da 

relação entre a qualidade do ambiente interior e a saúde respiratória em populações 

suscetíveis, promovendo a qualidade de vida (QV) nos idosos residentes em 

equipamentos residenciais para pessoas idosas (ERPI). A seleção da amostra a 

estudar na cidade do Porto foi efetuada por conveniência, sendo convidadas a 

participar todas as ERPI inscritas na ‘Carta Social’. De um total de 58 instituições 

aceitaram participar no estudo n=22. A recolha dos dados nas instituições decorreu 

entre novembro 2011 a agosto 2013. Cada lar de idosos foi estudado nas seguintes 

componentes: (i) visita de caraterização do edificado e ventilação; (ii) avaliação de 

parâmetros ambientais em duas estações do ano (verão e inverno), incluindo agentes 

químicos [partículas suspensas no ar PM10 e PM2.5, dióxido de carbono (CO2), 

monóxido de carbono (CO), formaldeído e compostos orgânicos voláteis totais 

(COVT)] e agentes biológicos (bactérias e fungos). Em cada lar foram efetuadas 

amostragens em espaços interiores (sala de convívio, sala de refeição, quartos e 

gabinete médico) e no exterior para comparação. A avaliação dos índices do conforto 

térmico (CT) [voto médio previsto (PMV) e percentagem prevista de insatisfeitos 

(PPD)] foi realizada de acordo com a norma ISO 7730:2005. O cálculo da temperatura 

média radiante, dos índices PMV e PPD e respetivas incertezas foi efetuado pelo 

método de Monte Carlo. 

 

Os questionários de saúde respiratória (BOLD) e de QV (WHOQOL-BREF) aplicados 

decorreram entre setembro de 2012 e abril de 2013, durante a fase de inverno do 

estudo. As versões portuguesas validadas dos questionários foram aplicadas, por 

entrevista, a todos os idosos residentes (n=143), que deram o seu consentimento 

informado e que cumpriam os critérios de inclusão do estudo. 



 

 
xvi 

Modelos mistos de regressão logística foram utilizados para estudar a associação 

entre os resultados de saúde, qualidade de vida e os parâmetros ambientais. Neste 

sentido, 135 áreas avaliadas foram consideradas para estudar a associação entre os 

resultados dos questionários da saúde e as concentrações dos poluentes do ar 

interior, ajustado para idade, tabagismo, sexo e o número de anos a residir nos ERPI. 

Para estudar a influencia dos parâmetros de CT na QV dos idosos foram consideradas 

130 áreas estudadas. 

 

A monitorização ambiental nas ERPI apresenta os seguintes resultados: (i) 

concentrações médias e medianas de PM2.5 acima dos valores de referência da 

legislação nacional e internacional, em ambas as estações analisadas; (ii) COVT, 

bactérias, CO e CO2 apresentam concentrações interiores significativamente mais 

altas que no exterior, nos dois períodos avaliados; (iii) PM10, COVT, bactérias e CO2 

apresentam diferenças significativas entre o verão e o inverno e mostram valores 

máximos acima das referências nas duas estações; (iv) COVT, bactérias e CO2 

mostram variações significativas entre os vários espaços avaliados em cada 

instituição; (v) as concentrações de fungos no período de inverno não cumprem com 

as condições de referência estabelecidas e foram identificadas algumas espécies de 

Aspergillus potencialmente toxigénicas nos ERPI estudados; (vi) o índice PMV na 

estação de inverno, apresenta resultados entre -1 (ligeiramente fresco) e -2 (fresco) na 

escala de sensação térmica, o que pode potenciar infeções do trato respiratório, 

particularmente em populações suscetíveis como os idosos. De referir também que 

vários estudos mostram que os idosos preferem ambientes cerca de 2ºC mais quentes 

que a restante população, e que a temperatura de conforto para esta população idosa 

sedentária se encontra acima dos 25ºC; (vii) os índices PPD e PMV mostram também 

diferenças significativas entre o inverno e verão; (viii) foram encontradas associações 

significativas entre as caraterísticas do edificado ‘Isolamento Térmico’, ‘Aquecimento’ e 

‘Caixilharias Janelas’ e a concentração ambiental interior dos seguintes parâmetros 

avaliados: ‘bactérias’, ‘fungos’, ‘temperatura’, ‘humidade relativa’ e ‘índice PPD’. 

 

Entre os idosos inquiridos, a tosse (23%) e expetoração (12%) foram os sintomas 

respiratórios mais comuns e a rinite alérgica (22%) a principal doença reportada. As 

pessoas idosas expostas a PM10 acima dos níveis de referência apresentaram 3 vezes 

maior probabilidade de ter rinite alérgica (OR=2.9, IC 95%: 1.1-7.2). Para cada 

aumento de grau na temperatura há uma diminuição de 20% na probabilidade de ter 

rinite alérgica (OR = 0.8, 95%: 0.6-1.0). Nenhuma associação foi encontrada entre o 

ambiente interior e sintomas respiratórios. 
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O estudo da influência do CT na estação de inverno na QV dos idosos mostrou que 

valores de PMV acima de -0.7 (na direção do zero e, portanto, menos negativos) têm, 

em média, valores de QV superiores em 11.13 unidades, quando comparados com 

valores de PMV abaixo de -0.7 (na direção de -3 e, portanto, mais negativos). 

 

Tendo em vista a melhoria da QAI dos ERPI, sugere-se a implementação de medidas 

adequadas, tais como, sistemas de exaustão local perto de cozinhas e dispositivos de 

queima de gás, bem como, a limpeza diária ligeiramente humedecida das superfícies 

dos diversos locais avaliados, por forma a reduzir a acumulação e ressuspensão de 

partículas. Para uma melhoria da QAI no que diz respeito aos agentes microbiológicos, 

o controlo da humidade relativa no interior é essencial, de forma a eliminar/diminuir 

toda a humidade e bolores existentes nas paredes, tetos e superfícies. O número de 

ocupantes e os seus hábitos são também aspetos importantes para a proliferação de 

microrganismos. As baixas temperaturas interiores e respetivo desconforto associado, 

especialmente no inverno, poderá ser evitado por medidas simples, tais como a 

implementação de isolamento no teto, paredes e janelas, mantendo a ventilação 

natural e passiva dos espaços, contribuindo assim para a prevenção de efeitos 

adversos na saúde induzidos pela QAI nesta população suscetível. 
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Human health and well-being are intimately linked to environmental quality. The quality 

of the environment in Europe has improved considerably over recent decades with 

benefits to human health. European Union (EU) citizens live longer than in many other 

parts of the world, but health challenges of the ageing population may increase due to 

lifestyle changes and environmental megatrends (climate change, depletion of natural 

resources and the disruption of ecosystems services) [1]. 

 

One of the major challenges to urban sustainability is the threat posed by exposure to 

air pollutants, which is associated with various health problems [2]. Air pollution has 

wide-ranging and deleterious effects on human health and is a major issue for the 

global community. Among the extended number of chemicals emitted by road traffic 

sources, hazardous air pollutants require special attention due to growing international 

recognition of their link with a variety of adverse effects on human health and the need 

for action to minimize these risks [3]. Recently, the International Agency for Research 

on Cancer classified outdoor air pollution as carcinogenic to humans [4]. 

 

The Global Burden of Disease study has described the worldwide impact of air 

pollution with as many as 3.1 million of 52.8 million all-cause and all-age deaths being 

attributable to ambient air pollution in the year 2010 [5]. Moreover, ambient air pollution 

ranked ninth among the modifiable disease risk factors, being listed above other 

commonly recognized factors, such as low physical activity, a high-sodium diet, high 

cholesterol, and drug use. Finally, air pollution accounts for 3.1% of global disability-

adjusted life years, an index that measures the time spent in states of reduced health. 

Although it is intuitive that air pollution is an important stimulus for the development and 

exacerbation of respiratory diseases, such as asthma, chronic obstructive pulmonary 

disease, and lung cancer, there is also generally less public awareness of its 

substantial impact on cardiovascular disease. 

 

Outdoor air pollution is a complex mixture of thousands of components. From a health 

perspective, important components of this mixture include airborne particulate matter 

(PM) and the gaseous pollutants ozone, nitrogen dioxide (NO2), volatile organic 

compounds (VOC) (including benzene), carbon monoxide (CO), and sulphur dioxide 

(SO2) [6]. Primary pollutants, such as soot particles, and oxides of nitrogen and 

sulphur, are emitted directly into the air by combustion of fossil fuels. Major sources of 

NO2 are motorized road traffic, power generation, industrial sources, and residential 

heating. Secondary pollutants are formed in the atmosphere from other components. 

An important example is ozone, which is formed through complex photochemical 
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reactions of nitrogen oxides and volatile organic components. Outdoor air pollution 

varies in time and space. Air pollution shows substantial variability both between areas 

(higher in Southern Europe) and within areas. Spatial variation is mostly related to the 

presence of local and regional scale sources. PM2.5 concentrations at traffic sites were 

on average 14% higher than at urban background locations in a large European study 

[7]. Larger urban-rural differences are found for soot particles (average 38% higher), 

NO2 (63% higher), and ultrafine particle numbers. Temporal variation of daily average 

air pollution concentrations is mostly related to weather conditions affecting the 

dispersion of pollution and less so to variations in the strength of pollutant sources. 

Important factors include wind direction, wind speed, atmospheric stability, temperature 

and sunlight. Air pollution concentrations also vary within a day. 

 

Although people in Western societies spend about 90% of their time indoors, 

predominantly in their own homes, outdoor air pollution (especially PM2.5) infiltrates 

buildings and most of the exposure typically occurs indoors. Even though household 

pollution is an especially prominent problem in low-income countries where solid fuels 

are used for cooking and heating, indoor air quality (IAQ) in homes, schools, working 

places, and other community sites is not a trivial problem in Europe. For instance, the 

increasing use of biomass burning to heat homes is creating major air quality problems 

in many Northern European cities. Concerns have also been raised about the emerging 

contribution of synthetically engineered nanoparticles to indoors air pollution exposure. 

The INDEX project, performed on behalf of the EU, emphasized the negative role on 

health played by environmental tobacco smoke (ETS), organic compounds (polycyclic 

aromatic hydrocarbons, volatile organic substances, formaldehyde, naphthalene), CO 

and benzo(a)pyrene [8]. Consequently, the World Health Organization (WHO) and the 

European Commission have drafted guidelines for IAQ risk assessment and 

management [9-11]. 

 

The air one breathes inside buildings dominates overall inhalation exposure of most air 

pollutants, whether of indoor or outdoor origin [12]. As levels of outdoor ambient 

pollution have decreased in many areas, the relative impact of indoor air pollution has 

grown, and thus IAQ has increasingly gained importance. Since levels of pollutants in 

indoor air are often higher than in outdoor air, the study of exposure of individuals to air 

pollution is a subject of vital importance. Concern should be focused not only on 

ambient air contaminant levels, but also on IAQ [13]. Globally, 4.3 million deaths were 

attributable to household air pollution in 2012, almost all in low and middle income 

countries. The South East Asian and Western Pacific regions bear most of the burden 
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with 1.69 and 1.62 million deaths, respectively. Almost 600’000 deaths occur in Africa, 

200’000 in the Eastern Mediterranean region, 99’000 in Europe and 81’000 in the 

Americas. The remaining 19’000 deaths occur in high income countries. Although 

women experience higher personal exposure levels than men and therefore higher 

relative risk to develop adverse health outcomes due to their greater involvement in 

daily cooking activities, the absolute burden is larger in men due to larger underlying 

disease rates in men [14]. 

 

Exposure to indoor chemicals, PM, dust and dampness, molds and other biological 

agents, has been linked to increased prevalence of respiratory symptoms, allergies and 

asthma as well as perturbation of the immunological system. With the EU 2020 

strategy, and particularly its focus on smart growth and resource efficiency, European 

environment and health policy moves into a more systemic direction. As human 

demand for the world's natural resources increases and the environmental 

consequences become more and more manifested, it is imperative that we increase 

our understanding of the intricate links between environmental conditions and human 

health and well-being. 
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2.1 INDOOR ENVIRONMENT QUALITY AND HEALTH  

 

Indoor environments should safeguard and enhance occupant’s health, comfort, and 

productivity, as people spend around 90% of their lives indoors. There is still limited 

knowledge regarding the causes of symptoms observed in nonindustrial indoor settings 

such as office buildings, recreational facilities, schools and residences. Indoor 

environmental quality (IEQ) is influenced by multifactor parameters such as IAQ, 

thermal comfort (TC), and psychosocial issues (Figure 1). Additionally, the acoustic 

and visual comfort also influences the IEQ occupant’s perception [15] (Figure 2). 

 

There are many indoor parameters (e.g. thermal factors, lighting aspects, moisture, 

mold, noise and vibration, radiation, smell, chemical compounds and particulates) that 

can cause their effects additively or through complex interactions (synergistic or 

antagonistic). It has been shown that exposure to these parameters can cause both 

short-term and long-term effects. Nevertheless, IEQ is still described with quantitative 

dose-related indicators, expressed in number and/or ranges of numbers assumed to be 

acceptable and healthy for people [16]. 

 

There is an increasing amount of scientific evidence indicating that a range of health 

problems and complaints are associated with poor IEQ. The problems range from 

transient sensory irritation of the respiratory tract to life-threatening diseases. These 

problems can be generally divided into two categories: Sick building syndrome (SBS) 

and Building-related illnesses (BRI). 

A syndrome is defined by the WHO as ‘a collection of signs and symptoms fitting a 

recognizable pattern’. SBS has been acknowledged by WHO since 1986 and it is 

defined as ‘a syndrome of complaints covering nonspecific feelings of malaise, the 

onset of which is associated with occupancy of certain modern buildings’ [17]. Most 

researchers agree that SBS describes a group of symptoms that have no clear etiology 

and are attributable to exposure to a particular building environment. SBS is related to 

both personal and environmental risk factors and affect building occupants over an 

indefinite period being directly connected with the building itself. In the office 

environment, SBS may have important economic implications. More focus is needed 

on the indoor environment in schools and day care centers, hospitals and nursing 

homes for elderly. Improvements of the home environment may be the most cost-

effective way to reduce the burden of indoor exposure. The link between indoor and 

outdoor air pollution should not be neglected, and the role of energy saving and climate 

changes will be an important future issue [18]. 
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Figure 1. IEQ and its influencers’ multifactor parameters [19] 
 

Differing from SBS, BRI, refer to a pathological condition, harmful not only to the 

regular, everyday occupants, but also to visitors and passers-by. BRI includes 

sicknesses such as Legionnaires disease, which may be contracted as a direct result 

of entering a building and, unlike SBS, continues to have an effect after the sufferer 

has vacated the building. In opposite to SBS, BRI can be specifically diagnosed and 

can be classified into three groups: airborne infectious diseases, hypersensitivity 

diseases, and toxic reactions. Some building-related infectious diseases are 

transmitted through indoor air; for example, Pontiac fever, Legionnaires’ disease, 

histoplasmosis, tuberculosis, measles, rubella, chickenpox, influenza, and the common 

cold caused by adenoviruses and some rhinoviruses. With the exception of Pontiac 

fever and Legionnaires’ disease, which are spread from environmental sources, the 

risk of transmitting these diseases increases as building occupant densities increase. 

The symptoms characterizing SBS, first noted in the 1950s, appeared to be correlated 

with the development of post-war, energy efficient, airtight buildings, at a time when the 

architects’ main brief was to keep costs low. 

The reported common symptoms of SBS compiled by WHO include eye, nose and 

throat irritation; sensation of dry mucous membranes; dry, itching, and red skin; 

headaches, mental fatigue and loss of concentration; high frequency of airway 

infections and cough; hoarseness and wheezing; nausea and dizziness; and unspecific 

hypersensitivity. These symptoms may occur singly or in combination with each other 

and have a characteristic periodicity increasing in severity over the working shift and 
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resolving rapidly on leaving the building in the evening. Most manifestations, therefore, 

with the exception of some cutaneous symptoms, improve over weekends and all 

symptoms usually disappear on holiday. 

 

The diagnosis of SBS requires a demonstration of an elevated complaint or symptom 

prevalence associated with a particular building. The term SBS should be restricted to 

multi-factorial problems, where no single cause factor exceeds the level of generally 

accepted recommendations. Many possible causes of SBS have been suggested, with 

the majority of explanations focusing on air quality (Figure 2) within the building and the 

systems that are used to ventilate the building. Other factors that have been implicated 

are artificial lighting, noise, TC (Figure 2), occupant’s activities, stress and 

psychological effects, workplace maintenance and workstation layout (Figure 1). 

 

 

Figure 2. Relations between IAQ and IEQ [19] 
 

A susceptible and aging population brings with it all of the older people diseases, such 

as cancer, immunological disorders, cardiovascular problems, bone frailty, and skeletal 

and muscular structure degeneration. Therefore, the people who are generally least 

aware of the risks posed to their health are also the ones most vulnerable to hazards. 

This situation is further exacerbated by the increased amount of time elders spend 

indoors [20]. It has been estimated that older persons spend approximately 19–20 

h/day indoors [21], and many spend all their time indoors in elderly care centers (ECC). 

To the extent of that the workforce is also aging, IEQ and safety should continue to 

become more important in the design and construction of facilities. 



 

 
12 



 

 
13 

2.2 INDOOR PARAMETERS SOURCES AND HEALTH EFFECTS 

 

The quality of air inside homes, offices, schools, day care centers, public buildings, 

health care facilities or other private and public buildings where people spend a large 

part of their life is an essential determinant of a healthy life and well-being. Hazardous 

substances emitted from buildings, construction materials and indoor equipment or due 

to human activities indoors, such as combustion of fuels for cooking or heating, lead to 

a broad range of health problems and may even be fatal [9]. 

According to the United Nations estimates, the total number of people aged 65 years 

and older was 506 million in 2008 and is anticipated to double to 1.3 billion by 2040, 

accounting for the 14 percent of total global population. This trend explains the 

increasing demand of long-term care services [22] such as ECC. Furthermore, 

considering that persons who are 65 years or older, often spend a considerable portion 

of their lives indoors, it is clear that the possibility of adverse indoor climate influencing 

their health status cannot be ignored. Moreover, older persons may be particularly at 

risk of adverse health effects from pollutants, even at low exposures, due to multiple 

underlying chronic diseases. Therefore, the study of IAQ among the elderly is 

becoming an important research issue. 

 

Indoor air could contain outdoor air pollutants as well as those generated indoors by 

the occupants and their activities including carcinogens, biological and chemical 

contaminants. The pollutants released by the building occupants include carbon 

dioxide (CO2), VOC, microbiological organisms and PM. The indoor air contaminants 

which can be hazardous to health (Table 1) include CO, dust and fibbers from carpets, 

ETS - currently narrowed by the indoor smoking ban laws in several developed 

countries - formaldehyde especially from urea formaldehyde insulation, radon, VOC 

emanating from solvents, paints, varnishes, adhesives used for furniture and sticking 

carpets causing long-term and short-term illnesses. Biological contaminants like 

bacteria, viruses and fungi (due to presence of high humidity) also directly affect the 

health of the occupants. In a conditioned space, without fresh air intake, free passage 

of air is limited, thus pollutants tend to accumulate resulting in higher concentration of 

some contaminants than outdoor ambient air. 

Many different factors influence how indoor air pollutants impact occupants. Some 

pollutants, like radon, are of concern because exposure to high levels of the pollutant 

over long periods of time increases risk of serious, life threatening illnesses, such as 

lung cancer. Other contaminants, such as CO at very high levels, can cause “silence 

death” within few minutes. Some pollutants can cause both short and long-term health 
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problems. Prolonged exposure to ETS can cause lung cancer, and short-term 

exposures can result in irritation and significant respiratory problems. Table 2 lists a 

number of environmental and personal factors that directly impact the levels of 

pollutants to which people are exposed and also affecting how people perceive IAQ. 

 

Table 1. Main indoor air contaminants, their sources and possible health effects. Based 
on the published literature review performed by [23] 

 

 

 

Table 2. Environmental factors affecting the levels of pollutants and perceptions of IAQ 

Air velocity and movement - too drafty or stuffy 

Feelings about physical aspects of the workplace (location, work environment, 

availability of natural light, and the aesthetics of office design, such as color and 

style) 

Furniture crowding 

Glare from ceiling lights, especially on monitor screens 

Heat or glare from sunlight 

Noise and vibration levels 

Odors 

Selection, location and use of office equipment 

Stress in the workplace or at home 

Temperature - too hot or cold 

Workspace ergonomics, including height and location of computer, and 

adjustability of keyboards and desk chairs 
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2.2.1 CHEMICAL PARAMETERS  

 

Sources of chemical pollutants include tobacco smoke, emissions from products used 

in the building, and gases such as CO and NO2, which are products of combustion. 

Indoor sources of CO include vehicle exhaust from attached garages, gas stoves, 

furnaces, woodstoves, fireplaces and cigarettes and incense burning. Symptoms of CO 

poisoning, such as headache, nausea and fatigue, may be mistaken for the flu. ETS is 

a cause of premature mortality. Living with a smoker is associated with an estimated 

20%–30% increased risk of lung cancer [24]. ETS is also associated with a 25%–35% 

increased risk of coronary artery disease [25]. NO2 is an airway irritant that is emitted 

mainly during the combustion of fossil fuels. The NO2 indoor sources include 

combustion appliances such as gas or oil furnaces and stoves. NO2 may move from 

outdoors to indoors; however, if from an outdoor source, it will be at a lower 

concentration indoors than if it were generated from an indoor source. Whether chronic 

exposure to low concentrations of NO2 from indoor sources increases the risk of 

respiratory illnesses is still unclear [26]. This is shown by the observation that short-

term inhalation of high concentrations of NO2 increases bronchial responsiveness to 

inhaled allergens in sensitized asthmatics. In addition to the direct release of nitrogen 

oxides, indoor combustion sources emit various co-pollutants including ultrafine 

particles related with decrease of respiratory function and increase of cardiovascular 

diseases. Also, secondary reactions, such as the production of nitrous acid from 

surface chemistry involving NO2, can contribute to indoor pollutant concentrations that 

directly affect health. 

 

High indoor air VOC levels have also been associated with SBS and low productivity at 

workplaces [27, 28]. Furthermore, interventions to reduce such levels by increased 

fresh air exchange, case by case, have been studied to reduce the symptoms and 

improve performance. 

 

Formaldehyde is a proven airway irritant and is classified by the International Agency 

for Research on Cancer as a human carcinogen (Group 1) [29, 30]. In indoor 

environments, formaldehyde is mainly produced by off-gassing from wood-based 

products assembled using urea-formaldehyde resins (plywood, particle board, medium-

density fiberboard). Other sources include cigarette smoke, certain paints, varnishes 

and floor finishes, or candle or incense burning. Secondary formation of formaldehyde 

occurs indoors through chemical reactions between, for example, ozone and terpenes. 

Greater concentrations of formaldehyde were associated with lower fresh air exchange 
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and with painting, varnishing and acquiring new wooden or melamine furniture in the 

previous 12 months. Associations between residential and school exposure to 

formaldehyde and respiratory symptoms have been reported in observational 

epidemiologic studies [9, 23]. 

 

PM consists of particles from a wide variety of sources that differ in size and 

composition. The major components of PM are sulfate, nitrates, ammonia, sodium 

chloride, carbon, mineral dust and water. It consists of a complex mixture of solid and 

liquid particles of organic and inorganic substances suspended in the air. Particles are 

often classified into three major size groups: coarse particles (diameter < 10 and ≥ 2.5 

mm), fine particles (diameter < 2.5 and ≥ 0.1 mm), and ultrafine particles (< 0.1 mm) 

[5]. In regulations, and consequently most monitoring networks, particles are 

represented by the mass concentration of particles with an aerodynamic diameter 

smaller than 2.5 mm (PM2.5) and 10 mm (PM10) (Figure 3). PM10 thus includes the fine 

particles and coarse particle fraction with PM2.5 generally representing 50–70% of the 

total mass of PM10. Ultrafine particles are included in PM2.5 and PM10 as well, typically 

contributing with a minimal fraction to the mass concentrations, whereas they dominate 

in particle numbers. Resuspension of soil and road dust by wind or moving vehicles, as 

well as construction work and industrial emissions, result in coarse particles (PM10). 

Important sources of other primary particles typically include motorized road traffic, 

power plants, and industrial and residential heating using oil, coal, or wood. These 

combustion processes result in fine particles (PM2.5) composed of elemental carbon, 

transition metals, complex organic molecules, sulphate, and nitrate, with the latter 

components being formed in the atmosphere from VOC, SO2 and NO2. Fine particles 

can travel large distances (> 100 km) resulting in the potential for high background 

concentrations over a wide area [5]. 

 

PM affects more people than any other pollutant [31, 32]. PM2.5 are more dangerous 

since, when inhaled, they may reach the peripheral regions of the bronchioles, and 

interfere with gas exchange inside the lungs (Figure 4). The effects of PM on health 

occur at levels of exposure currently being experienced by most urban and rural 

populations in both developed and developing countries. Chronic exposure to particles 

contributes to the risk of developing cardiovascular and respiratory diseases, as well as 

of lung cancer [31]. 
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Figure 3. Aerodynamic diameter of difference sizes of PM [33] 
 

 

 

Figure 4. Lungs penetration of difference sizes of PM: Represents the areas where 
particulate material from incomplete combustion processes is deposited in the body 
[34] 
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2.2.2 BIOLOGICAL PARAMETERS  

 

The microbial indoor air pollutants (bioaerosols) of relevance to health are widely 

heterogeneous, ranging from pollen and spores of plants coming mainly from outdoors, 

to bacteria, fungi, algae and some protozoa emitted outdoors or indoors. They also 

include a wide variety of microbes and allergens that spread from person to person. 

Excessive concentrations of bacteria, viruses, fungi (including molds), dust mite 

allergen, animal dander, and pollen may result from inadequate maintenance and 

housekeeping, water spills, inadequate humidity control, condensation, or may be 

brought into the building by occupants, infiltration, or inadequate ventilation. Moreover, 

the improper operation and maintenance of heating, ventilation, and air conditioning 

(HVAC) systems in controlling the humidity in air-conditioned buildings is one of the 

most common causes for microorganisms’ distribution and proliferation [35-37]. 

Allergic responses to indoor biological pollutant exposures cause symptoms in allergic 

individuals and also play a key role in triggering asthma episodes. Endotoxins 

(lipopolysaccharide components of the outer membranes of gram-negative bacteria) 

are associated with contaminated humidifiers, lower ventilation rates, presence of cats 

and dogs, storage of food waste and increased amounts of settled dust. Increased 

levels of endotoxins in indoor dust have been associated with increases in asthma 

symptoms and with reduced lung function in people with atopy [38]. 

 

Apart from floods, there are four major sources of mold growth in indoor rooms: leaks 

in building fabric, condensation, unattended plumbing leaks and household mold (e.g., 

mold growth on kitchen and bathroom surfaces, hidden food spills, garbage’s, defrost 

pans). A large number of cross-sectional and case-control studies from several 

countries have found an association between mold and dampness indoors and health 

complaints [39]. Exposure to microbial contaminants is clinically associated with 

respiratory symptoms, allergies, asthma and immunological reactions. The most 

important means for avoiding adverse health effects is the prevention (or minimization) 

of persistent dampness and microbial growth on interior surfaces and in building 

structures. 

Both fungi and fungi like bacteria produce allergenic spores. Although the most 

commonly encountered spores in IAQ are mold spores, other fungal spores and 

bacteria spores can and frequently contribute to the total airborne spore count [35]. The 

epitopes of the mold, spores and growth structures that promote sensitization are 

thought to be located in the outer protective surface. Sections of the growth structures 

can be allergenic as well. 
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The most common airborne spore is Cladosporium. Beyond Cladosporium there is 

some variation, based on geographic region and the time of the year (Table 3). The 

consensus appears to be for Alternaria as the second-largest contributor, and many 

include Aspergillus and Penicillium. Most of these molds are reputed to cause 

exacerbations in mold-sensitized individuals. 

 

Table 3. Most common airborne allergenic molds from 19 random surveys, In [35], 
page 51 by Al Doory, Y., and J. F. Domson. Mould Allergy. Lea & Febiger, 
Philadelphia, Pennsylvania (1984). 

Genera Prevalence (%) Natural Habitats 

Cladosporium 29.2 

Wordwide: soil, textiles, foodstuffs, and stored 

crops 

Region dependent: woody plants and paints 

Alternaria 14.0 
Worldwide: decaying plant matter, foodstuffs, 

soil, and textiles 

Penicillium 8.8 

Region dependent: soil, decaying vegetation, 

foods cereals, textiles, and paints 

Occasional occurrences: compost piles, animal 

feces, paper/paper pulp, stored temperature 

foods, cheeses, and rye bread 

Aspergillus 6.1 

Region dependent: soil, stored cereal products, 

soil, foodstuffs, dairy products, textiles, compost, 

and house dust 

Fusarium 5.6 Worldwide: soil and plants 

Aureobasidium 4.7 
Worldwide: soil, decaying pears and oranges, 

paint wood, and paper 

 

Bacteria are single-celled organisms usually less than 1 micron in diameter, but they 

can be as large as 5 microns. The actinomycetes are filamentous bacteria that can 

produce structures that have an appearance similar to small mold spores and can 

contribute to the total allergenic spore count. Their spores are also allergenic. 

Actinomycetes are spherical or oval in shape and range in diameter from 0.8 to 3 

microns, similar to that of Aspergillus or Penicillium. However, their nutrient 

requirements are complex. They grow best in rich organic material and tolerate 

extreme in temperature. Extensive growth of actinomycetes may be seen on building 

materials in damp crawlspaces. Bacilli are rod-shaped, spore-forming bacteria. They 

are generally associated with food spoilage and are not likely to be airborne. 
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2.2.3 PHYSICAL PARAMETERS  

 

One of the main purposes of buildings is to provide healthy and comfortable 

environments for human activities. A building must accommodate the activities it is built 

for and provide floor space, room volume, shelter, light and amenities for working, 

living, learning, curing, processing etc. Furthermore, the building must supply a healthy 

and comfortable indoor climate to the people using it. In meeting these basic 

requirements, the building should not cause harm to its occupants or the environment 

and must, for example, be structurally stable and fire safe. Sustainable development 

requires that the building does not cause unnecessary load or risk to the environment, 

for example in the form of energy use [40]. 

Among physical agents, the most important health risk factor is represented by radon. 

Radon exposure in houses and other buildings is estimated to be responsible for a 

remarkable proportion of the lung cancers occurring in the population (5 to 15% 

depending on the local radon level in soil) [41]. Since radon is a genotoxic carcinogen 

for man, there is not a radon level to be considered “safe” in absolute and the desirable 

level should follow the “ALARA” principle (As Low As Reasonably Achievable). Long 

term health risk associated with exposure to continuous low level electromagnetic fields 

is still debated. Although countries or organizations have adopted regulatory or 

recommended values based on the precautionary principle, there is no scientific 

consensus as to the validity and justification of such values. At the moment there are 

no specific target values recommendable. 

 

The environmental parameters which constitute the thermal environment are: 

temperature (air, radiant, surface), humidity, air velocity and the personal parameters: 

clothing together with activity level. The thermal comfort (TC) is one of the indoor 

environment factors that affect health and human performance. Thus chiefly 

determined by temperature, humidity and air movement it has a very significant impact 

on the general well-being and daily performance of building occupants. Poor thermal 

environment can also aggravate the impact of air pollutants on occupant’s health [19]. 

The human body produces heat, exchanges heat with the environment, and loses heat 

by diffusion and evaporation of body liquids. During normal activities these processes 

result in an average core body temperature of approximately 37ºC [42]. The body’s 

temperature control system tries to maintain these temperatures even when thermal 

disturbances occur. The human body should meet a number of conditions in order to 

perceive thermal comfort. According to Fanger in 1970 [43], these requirements for 

steady-state thermal comfort are: (i) the body is in heat balance, (ii) mean skin 
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temperature and sweat rate, influencing this heat balance, are within certain limits, and 

(iii) no local discomfort exists. Local discomfort to be avoided includes draughts, radiant 

asymmetry, or temperature gradients (vertical temperature difference between head 

and ankles). Moreover, high frequency of temperature fluctuation should be minimized 

as well. 

 

The most commonly used model for evaluating general or whole-body thermal comfort 

is the PMV (predicted mean vote) model by Fanger [44, 45]. The PMV model was 

created by climate chamber research involving college – age students. It was validated 

later, for older people with 128 subjects. The model expresses thermal sensation by 

PMV, a parameter that indicates how occupants judge the indoor climate. PMV is 

expressed on the ASHRAE 7-point scale of thermal sensation (Table 4). The outcome 

of the model is a hypothetical thermal sensation vote for an average person, i.e., the 

mean response of a large number of people with equal clothing and activity levels, who 

are exposed to identical and uniform environmental conditions [46]. The PMV model is 

adopted by the international standards ISO 7730 [47], ANSI/ASHRAE Standard 55 [48] 

and EN 15251 [49]. These standards aim to specify the conditions that provide comfort 

to the majority of healthy building occupants, including older adults. 

 

Table 4. Seven-point thermal sensation scale 

+3 Hot 

+2 Warm 

+1 Slightly warm 

0 Neutral 

-1 Slightly cool 

-2 Cool 

-3 Cold 

 

The Predicted Percentage Dissatisfied (PPD) result as function of PMV and predicts 

the number of thermally dissatisfied persons among a large group of people. The PMV 

and PPD indices express warm and cold discomfort for the body as a whole. But 

thermal dissatisfaction may also be caused by unwanted cooling (or heating) of one 

particular part of the body (local discomfort). 

 

The ability to regulate body temperature tends to decrease with age and there is a 

reduction in the sweating activity of aged men compared to younger age groups [50]. 
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These differences are even more pronounced in aged women. Tsuzuki and Iwata 

(2002) [51] found that the evaporative water loss does not significantly increase with 

metabolic rate in older adults taking light exercise. In general, elderly seem to perceive 

TC differently from the young due to a combination of physical ageing and behavioral 

differences [46, 50]. The effects of gender and age can be accounted for by model 

parameters such as activity and clothing level [43]. On average, older adults have a 

lower activity level, and thus metabolic rate, than younger which is the main reason 

why they require higher ambient temperatures [52]. Elderly have reduced (i) muscle 

strength, (ii) work capacity, (iii) sweating capacity, (iv) ability to transport heat from 

body core to skin, (v) hydration levels, (vi) vascular reactivity, and (vii) lower 

cardiovascular stability [53]. Tsuzuki and Ohfuku (2002) [54] also found that older 

adults have reduced warmth sensitivity in cold seasons, and similarly reduced cold 

sensitivity in hot seasons. Physiologically older adults preferred a warmer environment 

(+ 2ºC) than younger people. Several studies [50, 52, 55, 56] on older people 

suggested that, also psychologically, the 20 - 24ºC comfort zone is not warm enough 

for older adults and found an optimum temperature around 25.3ºC for sedentary 

elderly, which is within the current comfort range. Moreover, measures of indoor 

operative temperatures (what humans experience thermally in a space) in Portuguese 

ECC [56] ranged between 16ºC and 25ºC in winter and 22ºC and 31ºC in summer. 

Elderly preferred a higher temperature in comparison with the young adults [57]. 

 

Individual differences are too large to draw an unequivocal conclusion on the 

requirements of older adults regarding their preferred thermal environment. 

Nevertheless, self-reported poor health was significantly associated with poor thermal 

comfort [58]. Exposure to cold has often been associated with increased incidence and 

severity of respiratory tract infections. The data available suggest that exposure to cold, 

either through exposure to low environmental temperatures or during induced 

hypothermia, increases the risk of developing upper and lower respiratory tract 

infections and dying from them; in addition, the longer the duration of exposure the 

higher the risk of infection [59]. 

There is a constant increase in hospitalizations and mortality during winter months; 

cardiovascular diseases as well as respiratory infections are responsible for a large 

proportion of this added morbidity and mortality. Although not all studies agree, most of 

the available evidence from laboratory and clinical studies suggests that inhaled cold 

air, cooling of the body surface and cold stress induced by lowering the core body 

temperature cause pathophysiological responses such as vasoconstriction in the 
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respiratory tract mucosa and suppression of immune responses, which are responsible 

for increased susceptibility to infections. Research on thermal preferences of older 

adults is needed through field studies in which older adults are given personal control 

options over their thermal environment. TC for all can only be achieved when 

occupants have effective control over their own thermal environment [43]. 
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2.3 INDOOR ENVIRONMENT QUALITY CONTROL STRATEGIES 

 

Poor IAQ could be associated with improperly managed HVAC systems and 

inadequate ventilation. For each of the two effects of poor health and loss of 

productivity, adequate amounts of fresh air and appropriate ventilation can address the 

problem adequately. There may be an increased risk of multifactor symptoms in 

buildings with air-conditioning systems compared to naturally or mechanically 

ventilated buildings. One of the other areas that could cause concern is the cleanliness 

of the air conditioning system during installation. Dirty ducts that are not cleaned prior 

to commissioning will cause the dirt to be circulated throughout the building. There is 

evidence from field studies that buildings with the lowest symptoms reporting rates are 

those whose ventilation characteristics most closely match the original design intent. 

This suggests that well-defined goals clearly communicated to all relevant parties 

throughout the building design and construction process is a potentially important key 

to achieving good IEQ. 

 

CO2 has been recognized by ASHRAE as the surrogate ventilation index [60]. CO2 

levels both in natural and air-conditioned rooms are a good indicator of occupancy and 

ventilation rate within a space. CO2 by itself is not considered an indoor air 

contaminant. Humans are the major source of CO2. As people exhale CO2, they also 

exhale and give off a wide range of bioeffluents. These bioeffluents include bacteria, 

gases, odors, particulate and viruses. When these bioeffluents are allowed to build up 

in space, due to poor ventilation, occupants complain of fatigue, headache and general 

discomfort. The assumption is that if there is sufficient ventilation to remove/dilute the 

human generated contaminants, there will be no discomfort [61]. 

 

Outside levels of CO2 are relatively constant and range between 350 to 600 parts per 

million (ppm). Therefore, the concentration of CO2 in a space can provide an indication 

of the actual ventilation rate per person within the space. If the CO2 levels are higher 

than 1000 ppm (1830 mg/m3), then it is an indication that not enough outdoor air is 

coming in to dilute the CO2 level. For that reason, the indoor air is being re-circulated 

and the levels of the other pollutants in the enclosed space must be high. CO2 itself 

does not create indoor air related symptoms but elevated CO2 concentrations will often 

occur at the same time other pollutant levels build up. The real value of CO2 in IAQ 

control is a very good indicator of ventilation rates within a space. The Finnish Society 

of Indoor Air Quality suggests 1300 for ‘very good’, 1650 for ‘good’, and 2200 mg/m3 for 
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‘satisfactory’ IAQ. At these concentrations, CO2 is not harmful; however, it is an 

indicator of other airborne pollutants and ventilation rate [38, 62]. 

 

The existing literature offers evidence that characteristics of buildings and indoor 

environments significantly influence prevalence’s of respiratory disease, allergy and 

asthma symptoms. IAQ related symptoms are influenced by multifactor parameters 

therefore a combined approached of measures along all variables is recommended. 

From the regulatory point of view, several ways to control the effect or possible effect 

on exposure to indoor pollutants are available [23]: 

• Establishing minimum allowable emission rates of pollutants from a source; 

• Banning the use of certain pollutants in products or in general (e.g. asbestos, 

smoking); 

• Requiring a minimum ventilation rate, taking in account the activities and 

occupation rate of the indoor area; 

• Defining a maximum allowable concentration level (exposure level) (e.g. 

formaldehyde); 

• Implementing preventive measures such as design approaches, maintenance 

activities to prevent growth of Legionella or strict procedures of intended use of 

a space or product. 

 

The ventilation can contribute by reducing the concentration of contaminants from 

building materials and processes inside the building and also heat produced in it, 

nevertheless the most important measure to reduce such contaminants remains source 

control. Notwithstanding, building ventilation is one important factor affecting the 

relationship between airborne transmission of respiratory infections and the health. 
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2.4 SUSCEPTIBLE POPULATIONS HEALTH AND INDOOR ENVIRONMENT QUALITY  

 

IAQ has increasingly gained importance for maintaining a health status. As levels of 

outdoor ambient pollution have decreased in many geographic areas, the relative 

impact of indoor air pollution has grown. Residents of developed countries spend most 

of their time indoor, thus are more likely to be exposed [1]. At the same time, changes 

in home and office building construction have resulted in decreased air exchange rates, 

increasing personal exposure to indoor pollutants [63]. 

 

The mean age of the European population is rising and the percentage of adults aged 

65 years and older is projected to increase from 16% in 2000 to 20% in 2020 [64]. 

According WHO it has been estimated that older persons spend most of their time 

indoors. Therefore, the study of IAQ and TC in the elderly is becoming an important 

issue to be addressed by clinical research. In fact, older persons may be particularly at 

risk of detrimental effects from pollutants, even at low concentrations due to their 

common and multiple underlying and misdiagnosed chronic diseases. 

 

It is often thought that indoor environments are among the healthiest and safest places 

for people to be particularly for older persons, who can have unique health needs and 

environmental sensitivities. Several health-related effects may be caused (or worsened 

if already present) by exposure to poor IAQ, including immediate effects such as eye 

irritation, nausea, upper respiratory complications, cognitive impairment, asthma, and 

long-term effects as respiratory infections, cardiovascular disease, chronic obstructive 

pulmonary disease and cancer [65]. For residents in ECC, IAQ is a special concern 

and a critical component of their health and quality of life (QoL). Older persons may 

present reduced immunological defense and concurrent age-related pathophysiological 

modifications, making them particularly vulnerable to health complications due to 

indoor air pollution. Moreover, the risk assessment process is often difficult in older 

persons, involving the identification of multiple factors potentially affecting health and 

QoL, the quantification of human exposure to pollutants, and the evaluation of the 

individual’s response to these stimuli. 

 

These older population risk assessments may require the design of a specific strategy 

and intervention plan with specific recommendations for controlling, mitigating and/or 

solving these risk factors. Policies should be focused on indoor exposures to identify, 

control, and eliminate the indoor sources of pollution, including outdoor air and 

adequate ventilation levels. Such intervention cannot be uniquely focused on IAQ, but 
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they should consider a wide spectrum of policies related to the subjects’ health and to 

the environment. Health effects of indoor air pollutants have been addressed in recent 

studies on susceptible populations such as children [13, 66-68]. Nevertheless, current 

evidence suggests the existence of an association between low concentrations of 

indoor pollutants with increased morbidity and mortality in particular, related to 

respiratory and cardiovascular disease. In this sense, there is still a clear need for more 

studies on indoor pollution and health specifically targeting adults and older persons. 

Specifically tailored studies should address both short-term and long-term health-

related effects due to indoor air pollutants. Identification of subgroups among older 

persons who are especially susceptible to adverse effects of air pollutants is 

particularly important to provide the basis to design adequate preventive interventions 

[69-72]. Moreover, evidence is still sparse about the role of indoor pollutants in 

determining the prognosis of pre-existing diseases. Studies on this specific topic 

represent an important area of research, taking into account that older persons often 

present multiple diseases and live in restricted indoor environments at increased risk of 

exposure to indoor pollutants. 
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2.5 INFLUENCE OF INDOOR ENVIRONMENTS IN THE RESPIRATORY HEALTH AND QUALITY OF 

LIFE IN OLDER PEOPLE 

 

Problems of IEQ are recognized as important risk factors for human health in low, 

middle and high income countries. Indoor air and TC are also important because 

people spend a substantial proportion of their time in buildings. In households, day-

care centers, retirement homes (ECC) and other special environments, indoor 

environment pollution affects population groups that are particularly vulnerable owing to 

their health status or age [9]. The main debate on different shares of psychosocial and 

environmental factors goes on with results depending largely on specific characteristics 

of samples such as subjects and buildings envelope [73]. 

 

QoL, according to the World Health Organization Quality of Life Group (WHOQOL 

Group), is defined as the individual’s perception of their position in life in the context of 

the culture and the value system they inhabit, in relation to expectancies, patterns and 

concerns [74]. This concept is based on the definition of health itself, as proposed by 

WHO, interpreted as the individual’s perception of their overall wellbeing, both mental 

and social, rather than simple absence of disease. Assuming that the concept of QoL 

goes beyond symptoms and beyond the effects of diseases on functional status a good 

number of questionnaires have been developed and used to assess the health related 

QoL of patients and general population. 

 

In this study, the Portuguese version of the World Health Organization Quality of Life 

WHOQOL-BREF questionnaire was applied [73, 75, 76] as presented in appendix A. 

This instrument is a 26-item version of the WHOQOL-100 assessment. Its 

psychometric properties were analyzed using cross-sectional data obtained from a 

survey of adults carried out in 23 countries. It is focused around the definition of QoL 

advocated by WHO, which includes the culture and context which influence an 

individual's perception of health. 

Sick and well respondents were sampled from the general population, as well as from 

hospital, rehabilitation and primary care settings, serving patients with physical and 

mental disorders and with respect to quotas of important socio-demographic variables. 

The first two questions evaluate self-perceived QoL and satisfaction with health. The 

remaining 24 questions represent each of the twenty-four facets of which the original 

instrument is composed (WHOQOL-100), divided into four domains: physical, 

psychological, social relationships and environment. The mean score in each domain 
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indicates the individuals’ perception of their satisfaction with each aspect of their life, 

relating it with QoL. The higher the score, the better this is perceived to be. 

According the WHOQOL Group [77] 12.0 should be used as the scale midpoint where 

QOL is judged to be neither good nor poor. The scores are transformed on a scale 

from 0 to 100 to enable comparisons to be made between domains composed of 

unequal numbers of items, being 50 the midpoint. 

Questionnaires, such as the one developed and validated by WHO, measure relatively 

broad domains and can be used to conduct comparisons across different diseases, 

ethnicities, and cultures. A large number of studies have confirmed the association of 

air pollution with human diseases, which was not confined to respiratory illnesses, but 

also involved many other conditions with the highest impact on cancer and 

cardiovascular diseases. Of note, the World Health Report 2002 by WHO estimated 

that, each year, about 800,000 premature deaths are due to air pollution worldwide 

[78]. 

 

The BOLD (Burden of Obstructive Lung Disease) questionnaire is applied by 

researchers to gather information on chronic respiratory diseases and symptoms and 

has been used in multi-national studies [79]. Individuals are asked to complete a 

questionnaire covering respiratory symptoms, health status, activity limitation, and 

exposure to potential risk factors such as tobacco smoke, and previous work in dusty 

environments. The intent is to obtain information about respiratory symptoms (cough, 

sputum, wheezing, shortness of breath), exposure to potential risk factors, occupation, 

respiratory diagnoses (asthma, chronic obstructive pulmonary disease, chronic 

bronchitis, and allergic rhinitis), co-morbidities, health care utilization, medication use, 

activity limitation, and health status. The Portuguese version [80] of the respiratory 

health questionnaire BOLD [79, 81] was administered in this study and is part of 

appendix A. 
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3.1 RATIONALE AND MOTIVATION 

 

The world is aging. Globally, the number of persons aged 60 and above is expected to 

more than double by 2050 and more than triple by 2100, increasing from 901 million in 

2015 to 2.1 billion in 2050 and 3.2 billion in 2100. The number of persons aged 80 or 

over is projected to more than triple by 2050 and to increase more than seven-fold by 

2100. Globally, the number of persons aged 80 or over is projected to increase from 

125 million in 2015 to 434 million in 2050 and 944 million in 2100. In 2015, 28% of all 

persons aged 80 and over lived in Europe, but that share is expected to decline to 16% 

by 2050 and 9% by 2100 as the populations of other major areas continue to increase 

in size and to grow older themselves [82]. 

 

These demographical trends are likely to change the sociodemographic composition of 

society, and pose major challenges to social and health care systems. The number of 

cases of conditions such as cancer and diabetes are expected to increase as this 

population segment grows [83, 84]. Demands and costs for social services and health 

care are also expected to grow [85, 86]. For instance, estimations indicate that the 

public expenditures for Long-Term Care (LTC) for EU/OECD countries may increase at 

a rate of 1% a year above the growth of the real Gross Domestic Product (GDP) per 

working member of the population. By 2050 the LTC expenditure parts of the GDP for 

EU/OECD countries may grow to either 2.2% or 2.7% [84]. 

 

In Europe, 24% of the population is already aged 60 years or over and that proportion 

is projected to reach 34% in 2050 and 35% in 2100 [82]. Portugal is the 8th oldest 

country in the world and the 6th in Europe, with 23% of population with more than 60 

years old (Figure 5 and Figure 6). Moreover, in Portugal, the number of ECC increased 

49% between 1998 and 2010 [87]. 

 

Nevertheless, no matter how old, older citizens can still play part in society and enjoy a 

better QoL. The challenge is to make the most of the enormous potential that older 

people harbor even at a more advanced age [88]. Health declines as people grow old, 

but a lot can be done to cope with this decline. And quite small changes in our 

environment can make a great difference to people suffering from various health 

impairments and disabilities. 
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Figure 5. Portuguese demographic profiles: Population pyramids. The dotted line 
indicates the excess male or female population in certain age groups. The data are in 
thousands or millions [82]. 
 

 

Figure 6. Portuguese demographic profiles: Line Charts [82]. 
 

Active ageing means growing old in good health and as a full member of society, 

feeling more fulfilled, more independent in daily life and more involved as citizens. In 

2012 the topic of World Health Day was Ageing and health with the theme "Good 

health adds life to years". Also, that year was the ‘European Year for Active Ageing and 

Solidarity between Generations’. Accordingly, this project aim was to integrate these 

initiatives and to ensure greater recognition of what older people bring to society and 

create more supportive conditions for them. To our knowledge, this is the first study in 

Portugal to assess effects of indoor air contaminants on health status and quality of life 

in older persons living in ECC. 
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ECC is considered a facility where users of 65 years or older reside permanently in a 

substitute environment and are offered shelter and elderly care, due to an increased 

dependency. In order to study the ECC and their population, a cross-sectional study 

according to a preceding characterization of the Porto ECC and their residents was 

performed. The elderly population living in Porto ECC is divided into 7 different 

parishes with about 1.327 older citizens lived in these institutions in 2012 [87]. Those 

ECC have different typologies (Figure 5) indicating if their financial source is private or 

public. 

 

 

Figure 7. Porto elderly population (No.) living in ECCs, by typology [87]. 
(PSSI: Private Social Solidarity Institution; SCMP: Santa Casa da Misericórdia do 
Porto) 
 

 

This PhD study was involved in a more comprehensive project (GERIA: PTDC/SAU-

SAP/116563/2010) also supported by Fundação para a Ciência e Tecnologia (FCT) 

through Operational Competitiveness Program (COMPETE) as part of the National 

Strategic Reference Framework, which enriched the outcomes of this work. 
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3.2 AIMS 

 

The main outcome of this study was to draw conclusions about health status and QoL 

of older persons living in ECC and to correlate it with IAQ, TC and ECC building 

characteristics. A set of recommendations was produced towards ECC, focusing on 

health care, QoL, and household behaviors. In order to accomplish the main goal, the 

following specific objectives were set along the work. 

 

Scientific objectives 

i. Review critically and collate international and national research on the most 

relevant indoor air health related QoL indicators applicable to ECC; 

ii. Assess buildings characteristics, ventilation and the patterns of the everyday 

use of the selected social equipment’s; 

iii. Monitor chemical and biological indoor and outdoor air contaminants and TC 

parameters in ECC; 

iv. Assess respiratory health and QoL questionnaires outcomes; 

v. Study the influence of indoor environmental parameters on elderly respiratory 

health and QoL. 

 

Technological objectives 

i. Apply to ECC residents the standardized and validated versions of respiratory 

health and QoL questionnaires. 

 

Policies and environmental education objectives 

i. Produce guidelines on remedial measures and recommendations in ECC; 

ii. Raise society’s awareness and sensibility to IEQ issues, especially those of 

susceptible individuals; 

iii. Contribute with data to assist stakeholders and decision makers to improve 

health policies and take health related QoL prevention measures. 
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3.3 BRIEF PAPER DESCRIPTION AND INTERCONNECTION  

 

In order to accomplish the previous established aims, this project was designed as a 

cross-sectional study according to a preceding characterization of the Porto ECC and 

their residents. This study explored environmental variables and buildings 

characteristics in 22 ECC conducted during summer and winter from November 2011 

to August 2013, within dining rooms, drawing rooms, medical offices and bedrooms, as 

well as, health related QoL outcomes in the residents of these institutions. 

 

The first article was the pilot study where six urban area ECC, housing a total of 425 

older persons, were studied to assess IAQ [PM10, PM2.5, total volatile organic 

compounds (TVOC), formaldehyde, CO, CO2, total bacteria and fungi] and TC in the 

two seasons. This paper presented the preliminary results in 36 ECC rooms, all 

naturally ventilated and compare the IEQ results with the former Portuguese legislation 

for the IAQ [89] and international standard for TC parameters. Ambient air samples 

were also collected for comparison to the indoor measurements. 

In this stage of the project a building characterization of the ECC was performed 

including the following assessment (appendix B): (i) type of building construction 

(concrete, masonry, etc.); (ii) thermal isolation of the building; (iii) characteristics of 

building envelope (structural type of the windows and doors – with weather-strip or not, 

sliding windows or casement windows, etc.); (iv) ventilation system (natural, 

mechanical, hybrid, etc.); (v) materials used for finishing; (vi) use of gas burning 

appliances that could influence the IAQ; (vii) evidences of dampness and mold at the 

building envelope; (viii) ventilation practices of the occupants (opening windows or not). 

Additionally, the inside and outside temperatures, the internal and external air humidity, 

and the CO2 concentration in private and community rooms were also monitored. 

These measurements provided additional objective information about the studied 

indoor environment. This collected delivered a description of the construction 

characteristics and household behaviors. 

 

The second article present the complete indoor environmental parameters assessment 

measured twice for a total of 141 sampling sites in all studied ECC (n = 22). The IAQ 

and TC assessment results were compared to international reference levels, since the 

national reference levels were being updated at that time to reflect recent changes [90] 

(Table 5 and 6). This paper also presents a complete analysis regarding classical 

statistical methods to estimate means, medians and frequencies in order to obtain 

insight into the ECC characteristics and environmental monitoring results within and 
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between buildings. The variables were tested for normality with Shapiro–Wilk test 

generally revealing a non-normal distribution, except for the parameters air 

temperature. Nonetheless it was decided to use the mean for descriptive purposes. 

Mann–Whitney (U) test and Kruskal–Wallis (H) for independent samples were 

conducted for seasonal effects assessment, indoor/outdoor and within buildings 

location differences. 

 

Table 5. Portuguese and International reference levels for chemical and biological 
parameters 

 Portugal Source International Source 

PM10 (µg/m3) 50 a) 150 c) 

PM2.5 (µg/m3) 25 a) 35 c) 

TVOC (µg/m3) 600 a) 200 d) 

Formaldehyde 
(µg/m3) 

100 a) 100 e) 

CO (mg/m3) 10 a) 10 e) 

CO2 (mg/m3) 2250 a) 1300 f) 

Bacteria (CFU/m3) 
< outdoor (until 
350 CFU/m3 more) 

a) - - 

Fungi (CFU/m3) < outdoor a) 500 g) 

a) [90]; c) [91]; d) [92]; e) [9]; f) [38]; g) [36]. 

 

Table 6. Portuguese and International reference levels for physical parameters 

 Portugal Source International Source 

Air Temperature (ºC) [18-22] up to 25 b) 
Winter [20.0 – 23.6] 
Summer [22.8 – 26.1] 

 j) 

 
25 in Summer 
18 in Winter 

(i.1) 
(i.2) 

- - 

Relative Humidity (%) [50-70] b) 30 - 65 k) 

Air Velocity (m/s) - - 0.25 k) 

PMV  - - 
Class A [-0.2; 0.2] 
Class B [-0.5; 0.5] 
Class C [-0.7; 0.7] 

h) 

PPD (%) - - 
Class A < 6 
Class B < 10 
Class C < 15 

h) 

b) [93]; h) [47]; i1) [94]; i2) [94]; j) [48]; k) [95]. 
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The third paper aimed to further explore the impact of indoor biological agents (total 

bacteria and fungi identification) in the 22 ECC located in Porto. The results obtained 

were compared with the recently revised Portuguese standards. It was characterized 

the main fungi species found indoors, including some known potential pathogenic and 

toxigenic. 

 

The fourth and the fifth paper provided a different approach including statistical models 

between the IEQ and the health related QoL outputs. These articles analyzed the IEQ 

of 21 ECC, due to the decline of one ECC into participate in the health questionnaires 

survey. The older residents who gave their informed consent (appendix C) and were 

able to participate were 143 with ≥ 65 years old and living in the ECC for more than 2 

weeks. An exploratory analysis was carried out for all variables. Categorical data were 

presented as frequencies and percentages, and continuous variables as median and 

inter-quartile range (25th percentile-75th percentile) or range (min-max). Due to the fact 

that most of the sampling points were not the same in both seasons, the two samples 

were considered to be independent. Mann–Whitney and Kruskal–Wallis tests were 

used to compare seasonal effects assessment because of the existence of outliers, 

high variability and skewed distributions. Main health outcomes were wheezing, cough, 

sputum, asthma and allergic rhinitis. Mixed effects logistic regression models were 

used to study the association between the BOLD questionnaire results and the 

monitored environmental parameters, adjusted for age, smoking habits, gender and 

number of years living in the ECC. The outcome QoL variables were the physical 

health, psychological health, social relationships and environment WHOQOL-BREF 

domains in a 0-100 scale. Furthermore, mixed effects linear regression models were 

used to study the association between the QoL domains and winter season PMV index. 

 

The findings presented may prove useful in modelling future by developing 

environments responsive to the aspirations of older people. Policies and programs 

directed at achieving “age-friendly” communities are considered to require a wide range 

of interventions, including actions at the level of the social and physical environment 

[96]. In this sense, our results were presented to the stakeholders by a formal IEQ 

report (appendix D) and an e-book from GERIA Project [97]. These instruments 

contributed with guidelines on remedial measures and recommendations to ECC and 

older people QoL and respiratory health. The e-book chapter related to quality of life is 

presented in appendix E [98]. 
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Aging is associated with a decline in immune defense and respiratory function, and 

predisposition to respiratory infections [99]. Due to these conditions, older people are 

more susceptible to the effects of air pollution, and since they spend the large majority 

of their time indoors, monitoring IAQ and TC in ECC is a public health priority [70]. With 

this purpose this study aimed: (i) to characterize the ECC indoor environment and 

explore the influence of building characteristics on IAQ parameters; (ii) associate the 

influence of indoor environment parameters on ECC residents’ respiratory health; (iii) 

evaluate the influence of winter season TC indices on older people’s QoL; and (iv) 

produce guidelines on remedial measures and recommendations to ECC. The 

following sections sum up the discussion of the previous aims. 

 

5.1 INDOOR AIR QUALITY AND THERMAL COMFORT RESULTS 

 

Our study showed higher levels of PM2.5 in all ECC spaces in both seasons, revealing 

as particle matter concentrations is a critical parameter of air quality, both for its 

sensitivity and for its possible influence on human health. Findings [100] showed as 

this parameters is strongly depending to season, filter usage, relative humidity, air 

exchange ratios, number of occupants, outdoor PM levels, sweeping/dusting, and 

presence of a central air conditioner, reported a number of critical issue for any 

programs aimed at preventing exposure to inhalable toxic agents of the elderly 

population. Our mean and median overall indoor PM2.5 evaluations were about 3 times 

above the US EPA [91] reference levels, with the highest values in the bedridden 

subset and medical office. This might be due to combination of outdoor contamination, 

occupation rate and the accelerated particle resuspension in spaces dedicated to 

indoor activities [101]. Other studies [72, 102] showed, high levels of PM2.5 in similar 

indoor environments, and the link with lung function [103] and respiratory diseases 

such as chronic obstructive pulmonary disease (COPD) [104, 105] has been quite 

demonstrated. Whether generated by indoor or outdoor pollution the PM2.5 is 

acknowledged by WHO and by EPA as a known cause health risk for lung and heart 

diseases (including asthma) [106]. 

 

Although people (particularly the older people of our study) spend most of their time 

indoors, a major portion of indoor PM2.5 came from outdoor mobile sources. In fact, the 

Cardiovascular Health and Air Pollution Study (CHAPS) showed that indoor-infiltrated 

particles from mobile sources are more strongly correlated with adverse health effects 

observed in the older subjects living in the studied retirement communities compared 

with other particles found indoors [107]. Additionally, a recent study conducted in 
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Belgium [108] presented high correlations between outdoor and indoor PM2.5 in ECC, 

confirming mainly the outdoor origin of indoor air contaminants. PM2.5 was also 

correlated with atherosclerosis and cardiovascular disease in a specific study by Wilker 

et al. (2011) [109]. 

 

Although all the other indoor air pollutants were within the reference levels peak values 

of PM10, TVOC, CO2, bacteria and fungi exceeded the reference levels, compromising 

indoor air comfort and worsening the already existent respiratory chronic diseases. A 

VOC study in the elderly French dwellings show statistically significant associations 

between breathlessness and living in dwellings with elevated concentrations of toluene 

and o-xylene in elderly population [70]. When TVOC, bacteria, CO and CO2 indoor 

levels are compared with ambient air they were higher in both seasons, suggesting as 

indoor pollution is the most important source of exposure, at least in this population. 

Indoor ECC activities influence pollution levels, especially in the winter season. 

Seasonality is a critical parameter affecting the level of exposure to PM10, TVOC, 

bacteria and CO2, and simple behaviors such as opening and closing windows may 

dramatically change these values. Dining rooms and drawing rooms are expected to 

have the highest mean and maximum levels of PM10, CO2 and bacteria concentration 

due to higher occupation rate in these rooms when compared to bedrooms and 

medical offices. An inadequate ventilation can increase exposure not bringing in 

enough outdoor air to dilute emissions from indoor sources and allowing indoor air 

pollutants out of the rooms [69]. Similar conditions may explain significant differences 

between rooms and season for TVOC, bacteria and CO2. 

 

In our study significant differences between bacteria concentrations in both seasons 

were found. In agreement with our study Rintala et al. (2008) [110] also found higher 

bacterial concentrations (total concentrations of cultivable bacteria) in summer than 

winter in a study of indoor air of 20 homes in Chicago. In another study cited by this 

author [110], airborne bacteria did not exhibit an equally clear seasonal pattern. In this 

study, the increase of outdoor concentrations resulted in a corresponding rise of indoor 

concentrations in most houses. Biological sources are often located outdoors. 

Therefore, the influence of these sources on human exposure largely depends on the 

fraction of outdoor bioaerosols, which is subjected to indoor penetration [111]. Bacterial 

concentrations and occupancy showed an association in our study. During occupancy, 

resuspension and direct shedding of microorganisms from humans are potential 

sources of bacterial aerosol particles. The origin of many of the airborne bacteria is 

from human skin, hair, nostrils, and the oral cavity. Desquamated human skin cells are 
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an important contributor to particles in indoor air, and there is evidence that bacteria 

are associated with these skin cells. Overall, these data suggest that relative 

contribution of human associated bacteria is variable and environment dependent 

[101]. 

 

Although the most predominant airborne fungi species found in the ECC were 

Cladosporium and Penicillium species, which are common in indoor and outdoor 

environments, we also found samples positive for the genotoxic and pathogenic 

species of Aspergillus. These species may infect patients with reduce or compromised 

immune systems and may cause invasive lung infections in susceptible individuals 

such as elderly. The lack of building insulation causes ECC rooms to have similar 

temperature and humidity of outdoors, while the high rate of building pathology, e.g., 

condensations and infiltrations, may influence positive results, since the environmental 

parameter ‘Fungi’ was strictly associated to the building characteristics ‘Insulation’ and 

‘Building pathologies’ [112, 113]. Temperature and humidity levels can also increase 

the concentration of some pollutants [65]. 

 

In an overall perspective this study shows reassuring results about IAQ in the ECC 

evaluated such as showed in a recent review by [114]. More than 1/3 of the studied 

ECC reported excellent results, regarding the control of chemical and biological 

pollutants. However, although no ECC requires immediate intervention according to 

international and national reference levels, these thresholds may not be appropriate for 

susceptible populations, and specifically for elderly, which besides the increased 

biological sensitivity to the effect of air pollution spend nearly the 100% of their time in 

indoor spaces. Dedicated exposure/effect models should be developed for this 

population [115]. 

 

Thermal environmental comfort is another major issue for the elderly population [55]. 

Several studies demonstrated the effect of ambient temperature on cardio-respiratory 

mortality [116] and these findings were replicated with indoor climate [117]. Several 

studies [50, 52, 55, 56] on older people suggested that, physiologically and 

psychologically older adults preferred a warmer environment (+ 2ºC) than younger 

people. The 20 - 24ºC comfort zone is not warm enough for older adults that found an 

optimum temperature around 25.3ºC for sedentary older adults [50]. 

 

The TC results of our study showed significant differences between room and season 

for air temperature, especially for PMV and PPD indices, suggesting that the building 
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and heating characteristics may affect indoor variance in the winter/summer 

temperature and RH. Moreover, thermal comfort depends also by individual 

parameters such as the degree of activity, the clothing worn by the individual, the age, 

health status, gender, and the adaptation to the local environment and household. 

Other factors like rooms crowding or under-occupation may have an influence, and so 

is for the variability during the day and over time [58]. However, the results of the winter 

season PMV index in our study show that thermal sensation scale in all analyzed 

rooms ranged between the ‘slightly cool’ (-1) and ‘cool’ (-2), while minimum winter and 

summer indoor air temperatures were constantly out of the comfort levels. Colder 

environments may potentiate elderly respiratory tract infections and also increase 

hospital consultations [118]. Among the other results also the inflammation caused by 

respiratory syncytial virus may be modified by the biologically active contaminants of 

indoor air [119]. The prevalence in our study group of buildings built in stone masonry 

with poor insulation and a limited availability of double-pane glass may explain this low 

thermal sensation scale index (PMV) and the high percentage of PPD index in the 

winter season, and pave the way for the most urgent structural interventions. To be 

noted that the presence of diverse heating systems in the ECC evaluated did not 

significantly affect average indoor temperature in the winter season (≈ 19ºC), which 

constantly stay below reference values for neutral/comfort temperature. 
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5.2 THE IMPACT OF INDOOR ENVIRONMENT ON RESPIRATORY HEALTH OF OLDER PEOPLE 

 

Our sample was very old (47% of the individuals in the age group above 85 years old) 

and characterized mainly by women (85%). This data is consistent with a recent 

European study performed in several ECC [69]. The high rates of self-perceived 

sickness and degree of physical impairment indicates a very dependent population, 

living in the ECC for 2 to 10 years. Older people are more susceptible to the effects of 

indoor air pollution since they spend the large majority of their time indoors [70, 72] 

associated with a decline in immune defenses and respiratory function [99]. 

 

Concerning the respiratory assessment, cough and sputum were the major respiratory 

symptoms and allergic rhinitis the main self-reported illness in older people living in 

ECC. A 2013 Australian study presented results similar to ours in population aged 75 

years and older [120] and found that people reported asthma more commonly than the 

diagnosis of COPD. Another Portuguese study also detected a large proportion of 

underdiagnosed COPD disease [121]. Underreport and underdiagnosis could justify the 

small rates of self-reported diseases in our study people. 

 

We obtained a higher risk of allergic rhinitis among older people who had smoked 

cigarettes and was exposed to high concentrations of PM10, and temperature below the 

reference levels. The first result could be explained by the deposition of larger particles 

such as PM10 in the upper respiratory system causing susceptibility to allergic 

reactions. Concerning indoor air temperature, the literature indicate that low 

temperatures may potentiate respiratory tract infections to older people [118, 119] and 

increase hospital admissions. The other environmental parameters were not 

associated with self-reported symptoms, despite the high median values of some 

pollutants, such as PM2.5. Nonetheless, it is important to remind that institutionalized 

older people are a very susceptible population due to their compromised health. 
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5.3 THE INFLUENCE OF PHYSICAL PARAMETERS IN OLDER PEOPLE QUALITY OF LIFE 

 

In this study the winter TC results showed concern with median PMV and PPD indices 

out of the standardized range for comfort [47, 122] and significant differences for all the 

TC parameters between seasons as well as rooms. In general, elderly seem to 

perceive TC differently from the young due to a combination of physical ageing and 

behavioral differences [46, 50]. These results along with the decrease to regulate body 

temperature with age and a reduction in the sweating activity of aged men [50] and 

women [51] compared to younger age groups may increase the risk of respiratory tract 

infections in this susceptible population [59]. Most of the available evidence from 

laboratory and clinical studies suggests that inhaled cold air, cooling of the body 

surface and cold stress induced by lowering the core body temperature cause 

pathophysiological responses such as vasoconstriction in the respiratory tract mucosa 

and suppression of immune responses, which are responsible for increased 

susceptibility to infections [43, 59]. In addition, the longer the duration of exposure the 

higher the risk of infection. On average, older adults have a lower activity level, and as 

consequence, lower metabolic rate than younger which is the main reason why they 

require higher ambient temperatures [52]. On the contrary, it is inferred that older 

people may suffer from more susceptible upper airways at low RH. Studies indicate 

that RH about 40% is better for the eyes and upper airways than levels below 30% 

[123]. The optimal RH may differ for the eyes and the airways regarding desiccation of 

the mucous membranes [123, 124]. 

 

The TC assessment results of this study presented only negative PMV values in the 

thermal sensation scale for the winter season. Measures of indoor operative 

temperatures (what humans experience thermally in a space) in Portuguese ECC [56] 

ranged between 16ºC and 25ºC in winter and 22ºC and 31ºC in summer. These studies 

showed clearly that elderly preferred a higher temperature in comparison with the 

young adults [57]. Individual differences are too large to draw an unequivocal 

conclusion on the requirements of older adults regarding their preferred thermal 

environment. However, TC related problems such as cold indoor temperatures, 

problems with the heating system or inadequate insulation were mostly associated with 

respiratory problems in elderly over 65 years and older, in the European WHO LARES 

project. Additionally, there was also a significantly higher reporting of arthritis in homes 

that were perceived as cold in winter [125, 126]. 
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The QoL status of the studied population according the WHOQOL-BREF presented 

median scores of all domains above the 50 cut-off point. The percentage of scores 

below the cut-off point were higher in the domain 1 - physical health (29%) followed by 

the domain 2 – psychological health (24%). The domain 4 environment had the lowest 

percentage of scores below the cut-off point (7%). When applying the mixed models for 

testing the influence of winter season TC in older people QoL the results showed that 

values of PMV above -0.7 (towards zero and within the comfort categories) had higher 

mean score of QoL (domain 2) (coefficient estimate: 11.13 units) when compared with 

values of PMV below -0.7 (towards -3 and outside the comfort categories). Moreover, 

self-reported poor health was significantly associated with poor thermal comfort in a 

recent study by [58]. 
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5.4 RECOMMENDATIONS FOR IMPROVEMENT OF INDOOR ENVIRONMENT QUALITY IN ELDERLY 

CARE CENTERS 

 

Increased emphasis is placed on the residential environment for older people as the 

number of ECC increases [127] as well as on identifying the relationship between 

health and the residential environment for older people. Taking into account the 

relationship between IAQ and respiratory vulnerability found in this study, the proposed 

recommendations and guidelines (Table 7 and Table 8) expect to lead to health and 

QoL improvement of elderly residents in ECC. It is very important to revise 

overcrowding, change inadequate ventilation, identify sources of contamination, control 

thermal parameters and adjust clothing to environmental characteristics [128]. The 

following information is based on the published literature review performed by [128-

130]. 

 

Table 7. Recommendations for improvement of indoor environment quality in elderly 
care centers: Ventilation, thermal comfort and rehabilitation & construction. 

Ventilation 

• Open external windows daily in all rooms, for about one hour, and close 
the internal doors to prevent air drafts; 

• In days of bad weather, open the windows never less than 15 minutes;  
• During Spring, open the windows in the early afternoon, when pollens 

are dispersed in the higher layers of the atmosphere and close them 
around 6 p.m., when pollens go back to the ground; 

• The aeration should be done when there are no occupants in these 
divisions, preferring the lunchtime period, when residents are in the 
dining room; 

• So that the renewed air can reach temperature equilibrium while 
minimizing the impact on the thermal comfort, close the windows some 
time before the return of the occupants; 

• Keep internal doors open, whenever compatible with the privacy of 
residents. 

Thermal 

comfort 

• Keep an air temperature of comfort, which should take into account the 
activity performed by residents: (i) in the absence of physical activity, 
closer to 25°C; (ii) in the presence of physical activity, lower 
temperature, however higher than 20°C; 

• Keep the relative humidity between 25% and 55%. 

Rehabilitation 

& construction 

• In case of works in the building, keep the divisions not intervened 
closed; 

• Bedrooms and sitting rooms should be equipped with ventilation system;  
• Prefer bottom hung or tilt and turn windows, because the impact of 

outside air flow in the occupied zone is smaller; 
• Promote building practices such as insulating ceilings, walls, and 

windows. 
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Table 8. Recommendations for improvement of indoor environment quality in elderly 
care centers: Moisture on the walls & ceilings, cleaning and daily life activities 

Moisture on the 

walls & ceilings 

• Wash walls and ceilings with dilute bleach in water, at a ratio of 1 of 
bleach to 10 of water, and then aerate well the division;  

• Paint walls and ceilings with antifungal paint and aerate well the division; 
• It is not advisable to have plants and aquariums in the interior, 

particularly near bedrooms, as they are a focus of moisture. 

Cleaning 

• The cleaning should be done when there are no occupants in the 
divisions, being in other divisions. 

• Wash weekly bed clothes at 60°C; 
• Wash pillows, duvets and blankets every three months, if possible at 

60°C; 
• Avoid flannel bed linen, wool blankets and feather duvets, opting for 

cotton linen and synthetic duvets that can be washed at 60°C; 
• Avoid storage underneath beds that make it difficult cleaning; 
• Avoid excessive decorative items that make it difficult cleaning; 
• Clean the dust with a slightly damp cloth; 
• Avoiding the use of "sprays", air fresheners and detergents with intense 

smell, since these products may be irritating to the respiratory tract, and 
promote aeration after cleaning; 

• Clean well the dust on the bookshelves, removing the books regularly. It 
is preferable to keep the books in closed bookshelves to avoid dust 
accumulation; 

• Avoid excessive carpets, fitted carpeting, plaids on the sofas and 
draperies; 

• Vacuuming often carpets, fitted carpeting and sofas; 
• Wash carpets and curtains every three months, if possible at 60°C; 
• Wash often carpets, fitted carpeting and sofas, at least 2 times per year, 

if possible at 60°C; 
• Prefer vacuuming instead of sweeping; 
• Change vacuum filter regularly and if possible, use a cleaner with high 

efficiency filter (HEPA - high efficiency particulate air); 
• Avoid wallpaper, that is a focus of development of mites and fungus. If 

there is wallpaper, it should be replaced when becomes damaged; 
• Avoid using heating vent because it promotes the suspension of dust in 

the air preferring to use convector heaters; 
• If there is air conditioning, do filter maintenance often. 

Daily life 

activities 

• After baths, always close the door of the bathroom and open the window 
or turn on the extractor, preventing water vapor from spreading through 
the building; 

• During food preparation, always close the kitchen door and open the 
windows, preventing fumes and odors from spreading through the 
building. If there is an exhauster, always turn it on and clean the filters 
regularly; 

• It is recommended placing forced extractors in internal bathrooms, 
kitchen and in rooms with high pollution sources (e.g. where smoking is 
allowed, atelier, …), avoiding contamination to other divisions; 

• Ironing clothes in a location that has forced extraction or window, always 
closing the door, preventing water vapor and particulate matter from 
spreading through the building. Do not iron clothes in the rooms nor 
sitting rooms; 

• In elderly with respiratory vulnerability avoid contact of animals with fur 
or feathers. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. CONCLUSIONS 
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Indoor environmental health risks may depend in complex and subtle ways on factors 

such as the time pattern of exposure, as well as on host factors like age, gender, 

genetic heritage, and underlying state of health. Nevertheless, indoor environment has 

a potential influence in chronic respiratory symptoms on older people living in ECC due 

to their health susceptibility. 

 

Our study focused on the assessment of indoor environment variables in the ECC that 

might influence elderly comfort and wellbeing and interact with their already existent 

chronic diseases. The IAQ and TC on these sites have been rarely evaluated and our 

study revealed several concerns. Attention is needed to indoor parameters 

concentrations, in particular, particle matter and fungi species that might compromise 

IAQ comfort. The overall PM2.5 median concentrations was above national references 

in both seasons and even though fungi main species found were Cladosporium and 

Penicillium, considered to be common in indoor air, Aspergillus flavus, Aspergillus 

fumigatus and Aspergillus niger were also identified These species produce 

mycotoxins and therefore may produce several adverse health effects. It is important to 

notice that, although biological concentrations were considerable acceptable, in light of 

Portuguese references, it doesn’t assure that there is no risk for people who spend 

most of the day, or even consecutive days, inside these rooms. Especially the older 

people: a group that is known for their impaired immune system and therefore ability to 

develop diseases, such as respiratory illnesses or airborne infections. Also, were found 

peak values of PM10, as well as, TVOC, CO2 and bacteria in both seasons that could 

raise concern. High levels of PM10 were associated with a 3-fold odds of allergic 

rhinitis and PMV and PPD indices median values were out of the standardized range 

for comfort in the winter season. We found ‘slightly cool’ to ‘cool’ PMV index in thermal 

sensation scale which may increase the risk of respiratory tract infections in this 

susceptible population. The PPD index reflects this discomfort with a high rate of 

predicted dissatisfied occupants. The influence of winter season TC in older people 

QoL results showed that values of PMV within the comfort categories had higher 

values of QoL when compared with values of PMV out of the categories of thermal 

environment. 

 

The concentration reduction of indoor air pollutants, in particular, particle matter and its 

health effects range from regulatory measures (stricter air quality standards, limits for 

emissions from various sources), structural changes (such as reducing energy 

consumption, especially that based on combustion sources, changing modes of 
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transport, land use planning) as well as behavioral changes by individuals, for example, 

using cleaner modes of transport or household energy sources. Still, adequate 

measures, such as, local exhaust ventilation systems near cooking and gas burning 

devices, as well as daily slightly moist cleaning of the rooms surfaces would reduce 

particle accumulation and re-suspension. Most of the evaluated ECC presented 

condensations and infiltrations along walls and roofs inside the buildings. For an 

improvement of IAQ regarding biological agents, control of indoor RH is essential, 

eliminating all dampness and mold present in walls, roofs, and surfaces. Number of 

occupants and their habits are also contributors to the proliferation of microorganisms. 

Ventilation is a crucial factor that provides healthy air for breathing by both diluting the 

pollutants originating in the building and removing the pollutants from it through supply 

of outdoor air into a building or a room, and distribution within it. Ventilation systems 

require good maintenance in order for the required air change rate to be achieved and 

sustained, and otherwise it serves as a source of several microorganisms with harm to 

health. Opening windows or other sources of fresh and clean air, when the room is 

empty, is another effective and cheap measure that improves IAQ by removing 

biological agents from its composition. The results suggest the need to improve the 

balance between IAQ and TC parameters. Indoor environment and TC has a potential 

influence on QoL in older people living in ECC due to their susceptibility to winter 

season temperatures. Low indoor temperatures and discomfort, especially on winter 

season, could be prevented by simple measures such as insulating ceilings, walls and 

windows, maintaining natural and passive ventilation, solutions that are common in 

Portugal due to the advantage of the country’s generally mild weather. 

 
More studies on indoor pollutants and health in the elderly are needed, with focus on 

exposure assessment, providing a better understanding of the adverse health effects 

induced by indoor air pollution in elderly. Further studies analyzing TC variables in ECC 

are welcome in order to improving the wellbeing of our elderly population. The 

improvement measures should be tested for their consistency in the future if the ECC 

owners agree to implement them. 
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