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Abstract

The 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/d 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. Six Porto, Portugal, urban area elderly care 

centers (ECC), housing a total of 425 older persons, were studied to assess indoor air quality 

(IAQ) and thermal comfort (TC) in two seasons. This study presents the IAQ and TC results in 36 

rooms and constitutes part of a wider and ongoing study. The study areas were all naturally 

ventilated, and indoor concentrations in winter were within Portuguese reference values. However, 

42% of the participants were dissatisfied with indoor thermal conditions, rating it “slightly cool.” 

In summer, the index rate of dissatisfied individuals was lower (8%). Significant differences were 

found between seasons in predicted percent of dissatisfied people (PPD) and predicted mean vote 

(PMV) indices. Fungal concentrations frequently exceeded reference levels (>500 colony-forming 

units [CFU]/m3). In addition, other pollutants occasionally exceeded reference levels. To our 

knowledge, this is the first study in Portugal to assess effects of indoor air contaminants on the 

health status and quality of life in older subjects living in ECC. Although IAQ and TC parameters 

were mostly within reference values, the results suggest a need to improve the balance between 

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

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

pollutants, whether of indoor or outdoor origin (Corsi et al., 2012). As levels of outdoor 

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

has grown, and thus indoor air quality (IAQ) has increasingly gained importance. Indoor 

environments are often considered to be among the healthiest and safest places, particularly 

for older individuals who possess unique health needs and environmental sensitivities. In 

addition to IAQ, thermal comfort (TC) is a key indoor factor that might affect comfort, 

health, and performance. TC is chiefly determined by temperature, humidity, and air 
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movement. Although the thermal environment found in residential settings does not usually 

produce serious adverse health effects, this atmosphere exerts a significant impact on the 

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

might also aggravate the impact of air pollutants on health (Mendes and Teixeira, 2012).

The 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 (Adan et al., 2006). Older 

individuals spend approximately 19–20 h/d indoors (WHO, 2003). Elderly care centers 

(ECC) and homes have the potential to influence people’s lives socially, physically, and 

psychologically (Bradshaw et al., 2012). Older subjects may be particularly at risk of 

detrimental effects from air pollutants, even at low concentrations, due to their reduced 

immunological defenses and multiple underlying chronic diseases. Exposure to poor IAQ 

may produce or exacerbate eye irritation, nausea, upper respiratory complications, cognitive 

impairment, asthma, respiratory infections, cardiovascular disease, chronic obstructive 

pulmonary disease, and cancer (Ferng and Lee, 2002). Thus, IAQ is a special concern for 

ECC residents, important for both health and quality of life.

Risk assessment processes inadequately address susceptibility of older populations. Many 

factors may affect health and quality of life, pollutant exposure, and an individual’s response 

to these stimuli. While considerable evidence indicates that low concentrations of air 

pollutants are associated with increased risks of morbidity and mortality, particularly for 

respiratory and cardiovascular disease and cancer (Pope and Dockery, 2006; Miller et al., 

2007; Krewski et al, 2004; Samet and Krewski, 2007), information on the elderly in indoor 

settings is limited. Adverse health effects associated with indoor air pollutants were 

investigated among some susceptible populations, especially children (Neas et al., 1994; 

Nafstad et al., 1996; 1997; Bruce et al., 2000; Jaakkola et al., 2001; Jaakkola and Jaakkola, 

2002; Foos et al, 2008; Selgrade et al, 2008; Madureira et al., 2009). However, few studies 

evaluated adults and older people (Xu and Wang, 1993; Moran et al., 1999; Pilloto et al., 

1999; Venners et al., 2001; Simoni et al., 2003). No apparent study was identified that 

jointly considered IAQ and TC among the elderly. Further, evidence remains sparse 

regarding the role of indoor pollutants on preexisting diseases common among the elderly, 

such as particulate matter (PM), bioaerosols, and volatile organic compounds (VOC). Thus, 

a need exists to examine IAQ, TC, and the health of older persons. The identification of 

subgroups that are susceptible to pollutants and TC is particularly important for designing 

appropriate and efficient interventions aimed at maintaining a healthy and comfortable 

environment.

Active aging implies growing old in good health and as a full member of society, feeling 

fulfilled, independent in daily life, and more involved as citizens. No matter how old, the 

elderly still play an active part in society and enjoy a better quality of life. The challenge is 

to make the most of the enormous potential that older citizens harbor even at an advanced 

age (European Union [EU], 2012). Health declines as people grow old, but much can be 

done to cope with this decline. Further, rather small changes in the environment may make a 

great difference to individuals suffering from health impairments and disabilities. Research 

to understanding such effects, especially taking into account that older individuals often 

have multiple diseases and live in restricted indoor environments that place them at 
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increased risk of exposure to indoor pollutants, is an important endeavor and a natural shift 

in the focus of IAQ and TC studies.

OBJECTIVES AND STUDY DESIGN

This study characterizes effects of IAQ and TC among older individuals residing in 

Portugal. Ultimately, this ongoing study called GERIA—Geriatric Study in Portugal on 

Health Effects of Air Quality in Elderly Care Centers—will examine 20 ECC among 60 

selected in Porto and Lisbon, the two largest cities in Portugal, and will include measures of 

cardio-respiratory health and quality of life. Table 1 presents the information used to 

calculate the sample size required for the study. To our knowledge, this is the first such 

study in Portugal, and one of the first with these objectives and study design. The GERIA 

study uses a prospective cohort design. This investigation presents measurements of IAQ 

and TC in 36 rooms in 6 ECC in 2 seasons. Our main aim is to present the overall results of 

environmental monitoring and TC assessment in these ECC.

The following data sets and samples were collected at each ECC: (1) building 

characteristics; (2) environmental parameters, such as formaldehyde, particulate matter up to 

10 µm in size (PM10), total volatile organic compounds (TVOC), carbon monoxide (CO), 

carbon dioxide (CO2), total bacteria, fungi, temperature, relative humidity (RH), and air 

velocity; and (3) predicted mean vote (PMV) and predicted percent of dissatisfied people 

(PPD).

MATERIAL AND METHODS

Walk-Through Survey

The building characteristics included the following information: type of building 

construction (concrete, or masonry); thermal isolation of the building; characteristics of 

building envelope (type of windows and doors, presence of weather stripping, etc.); 

ventilation system (natural, mechanical, or hybrid); types of indoor materials; use of gas 

burning appliances; evidence of dampness or mold; and ventilation practices (opened 

windows).

Indoor Air Monitoring and Thermal Comfort Assessment

IAQ parameters were measured twice, during winter 2011 (November–December) and 

summer 2012 (May–June), and included chemical parameters (CO2, CO, formaldehyde, 

TVOC, PM10), and biological contaminants (bacteria and fungi). TC parameters determined 

at the same time (following ISO 7730:2005) included the PMV index, which predicts the 

mean response of a larger group of people according to a 7-point thermal sensation scale 

(ISO 7730:2005), and the PPD index as a quantitative measure of the TC of a group of 

subjects at a particular thermal environment relative humidity (RH), temperature, and air 

velocity. The monitoring was performed in dining rooms, drawing rooms, medical offices, 

and bedrooms. Ambient air samples were also collected for comparison to indoor 

measurements. All active sampling and associated analytical measurements were performed 

in replicate and duplicate. This investigation was performed by the Environmental Health 

Department of the National Health Institute using methodologies accredited by NP EN 
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ISO/IEC 17025:2005, “General requirements for the competence of testing and calibration 

laboratories.”

Sampling Schedule and Locations

The monitoring phase included daytime air sampling (starting at 10 a.m. and continuing for 

at least 4 h during normal activities) conducted in a discreet fashion in order not to disturb 

occupants’ normal behavior. Samplers were placed at a height of 0.6–1.5 m above the floor, 

approximately at the breathing zone level of elderly, and as close as possible to the center of 

the main area of the room. Sampling points were no closer than 1 m to walls, windows, 

doors, or an active heating system.

Suspended Particle Matter (PM10)

PM10 samples were collected using polytetrafluoroethylene (PTFE) filters on personal 

environmental monitors (PEM), Gilian personal pumps, and a sample flow rate of 2 L/min 

following U.S. Environmental Protection Agency (EPA) Method 10-A, “Determination of 

Respirable Particulate Matter in Indoor Air Using Size Specific Impaction” (Winberry et al., 

1993). Pumps were calibrated and checked prior and after each sample using a Gillian 

Gilibrator-2 air flow calibrator. Before sampling, filters were stored in a desiccator for 

equilibration. At least one field blank per sampling event was used. Exposed and unexposed 

filters were transported, protected from dust and sunlight, and kept away from air in a closed 

filter holder. Each filter was weighed under controlled temperature (20 ± 1°C) and RH (50 ± 

5%) before and after sampling using an electronic microbalance. Static charges were 

eliminated using a nonradioactive, ionizing air blower (EXAIR, model number 7907). 

Concentrations were calculated from the difference in filter weight and sample air volume.

TVOC and Formaldehyde

TVOC samples were collected by drawing air through a stainless-steel sampling tube 

containing Tenax TA using a personal air sampling pump (SKC Pocket pump) at a flow rate 

of 0.05 L/min for a period of 45 min. These pumps were calibrated and checked daily prior 

to and after each sample using a Gilian Gilibrator-2 air flow calibrator. Before sampling, 

each tube was conditioned at 250, 300, and 330°C for 30 min consecutively using helium 

carrier gas flow. Analysis of TVOC was performed by automatic thermal desorption coupled 

with capillary gas chromatography (GC) using a Perkin Elmer ATD 400 and AutoSystem 

GC fitted with flame ionization detector (FID) and an SE30 column, according to ISO 

16000, part 6, and an internal method (ECA, 1997). TVOC was quantified using the toluene 

response factor, and concentrations were calculated as the sum of identified and unidentified 

compounds eluting between hexane and hexadecane (included), expressed as toluene.

Formaldehyde was measured by active sampling using 2,4-dinitrophenylhydrazinecoated 

glass fiber filters in Millipore Swinnex-13 filter holders, personal pumps (SKC AirChek 

2000), and a flow rate of 0.8 L/min (calibrated and checked daily prior to and after each 

sampling with Gilian Gilibrator-2 air flow calibrator). Concentrations were determined by 

high-performance liquid chromatography (HPLC) using the methods described by Levin et 

al. (1986) and the National Institute for Occupational Safety and Health (NIOSH) 

2016:2003. This method is well established in the lab and meets the quality criteria defined 
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by it and accepted by independent audit entities. Each analysis used certified reference 

standards as well as duplicate and recovery samples.

Carbon Dioxide, Carbon Monoxide, and Thermal Comfort Parameters

CO2 and CO concentrations were determined using a portable IAQ monitor (GasData, 

model PAQ) during the occupied period. Shortterm measurements (30 min average) were 

collected in each room. After the equipment stabilized, measurements were recorded 

continuously using PCLogger 32 V3.0 software.

TC parameters (temperatures, RH, and air velocity) were measured using a Delta Ohm HD 

32.1 data logger. After stabilization (25 min) in each room, 10-min measurements were 

recorded using the software just described. According to ISO 7730 and confirmed by 

observation, elderly occupants’ daily activity was considered to have a metabolic rate of 1 

met, and their clothing a thermal insulation of 1 clo in summer and 1.3 clo in winter.

Bacteria and Fungi

Microorganism air sampling was conducted following NIOSH Method 0800, Bioaerosol 

Sampling (Indoor Air), using a microbiological air sampler (Merck air sampler MAS-100), 

an airflow rate of 100 L/min, and 2 agars, tryptic soy agar (TSA) for total bacteria and malt 

extract agar (MEA) for fungi. Both indoor and outdoor samples (250 L) were collected in 

duplicate and with one field blank per culture medium per day. To quantify fungi, samples 

were incubated at 25°C. Identification of fungal colonies was based upon phenotypic 

characteristics and followed standard mycological procedures. Bacteria were incubated at 

37°C. Results were expressed as colony-forming units per cubic meter of air (CFU/m3).

Data Analysis

Descriptive analyses were used to obtain insight into the ECC characteristics and 

environmental monitoring results. Uncertainty was reported as 95% confidence intervals 

(CI) based on error propagation of multiple samples and instrumental uncertainty. Paired t-

tests were used to test for indoor/outdoor differences and Spearman’s correlation for 

seasonal effects. A .05 level of significance was used for all analyses. All data were 

analyzed using SPSS 16.0.

RESULTS

Characterizations of Elderly Care Centers

The 6 ECC were located in an urban area of Porto and housed a total of 425 aged individuals 

with a range of 7 to 136 occupants per building. Table 2 presents selected building 

characteristics of the ECC sampled. Most ECC (78%) were in older buildings (up to 60 

years old) using stone masonry construction and single pane windows. All buildings had 

been adapted for the purpose of ECC. Only 33% had insulation on the roof and walls. Most 

of the buildings presented leaks (67%) and condensation (56%) in interior walls and 

ceilings. The studied rooms were naturally ventilated with a mean floor area of 30 m2. Floor 

coverings were mainly wood, tile/stone, or polyvinyl chloride (PVC). The ECC were all 

equipped with heating systems (30% central heating and 70% gas and electric heaters). 
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None of the buildings had cooling systems apart from the natural ventilation and some 

passive measures, such as blinds and curtains on the windows. Occupancy rates per room 

during monitoring were 3.8 persons in dining rooms, 7.2 in drawing rooms, 1.5 in medical 

offices, and 0.4 in bedrooms. All ECC were smoke free and 89% were near roads with 

heavy traffic.

TVOC, Formaldehyde, and CO

Table 3 summarizes results of the environmental monitoring at the six ECC. The mean 

TVOC concentration was within Portuguese and international reference values in both 

winter and summer seasons, although maximal levels (0.5 mg/m3) considerably exceeded 

the WHO (2010) reference value of 0.2 mg/m3. On average, indoor TVOC levels were 

approximately threefold higher than outdoor levels, indicating the presence of indoor 

sources, such as emissions from construction materials, furniture, cleaning products, and 

cosmetics (Spengler et al. 2001; Martínez and Gómez, 2007).

Of the 66 indoor formaldehyde samples collected, 60 were below the method limit of 

quantification (LOQ; 0.0002 mg/m3). These findings were consistent with the age of the 

buildings, old furniture, and absence of plywood, carpets and environmental tobacco smoke 

(ETS), all known formaldehyde sources. The elderly do not appear to be hypersensitive to 

formaldehyde (Paustenbach et al., 1997); rather, these subjects may be generally less 

sensitive to sensory irritation (WHO, 2010).

Outdoor CO levels exceeded indoor levels by approximately 1.3-fold, reflecting traffic 

pollution and absence of indoor CO sources. Apart from cooking restricted to the kitchens 

with proper exhaust and some gas heaters, there were no other combustion sources in the 

buildings. Maximal summer CO level (10.4 mg/m3) exceeded the WHO reference value of 7 

mg/m3 at one site. This value was measured in a bedroom with an open window next to a 

road with heavy traffic, which likely influenced results for this room.

Particulate Matter and CO2

The mean indoor summer (0.074 mg/m3) and winter (0.064 mg/m3) PM10 concentration 

were within the Portuguese reference concentration of 0.15 mg/m3, but above the 24-h 

average interim WHO guideline of 0.05 mg/m3, which is intended as a target for outdoor air 

but which generally relates to both acute and chronic adverse health effects. Of the 93 PM10 

measurements in both seasons, 54% exceeded the WHO guidelines. Maximal concentrations 

measured (0.43 mg/m3) occurred in winter in a busy drawing room.

The mean indoor CO2 winter (1196 mg/m3) and summer (996 mg/m3) concentrations fell 

below the Portuguese reference level (1800 mg/m3), but the winter concentration was 

numerically above the international reference level of 1080 mg/m3 (Burton, 1995). Indoor 

levels exceeded outdoor levels in both seasons. These concentrations of CO2 are not 

harmful, but are indicators of occupancy and ventilation in the study areas. Some guidance 

is given by the Finnish Society of Indoor Air Quality and Climate, suggesting 1300 mg/m3 

for “very good,” 1650 mg/m3 for “good,” and 2200 mg/m3 for “satisfactory” indoor air 

quality (Säteri, 2002).
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Bioaerosols

Table 3 shows that average airborne levels of bacteria and fungi fell below reference levels 

(500 CFU/m3). In summer, fungi concentrations reached 2224 CFU/m3. All of the highest 

indoor levels (10% of samples exceeded 1000 CFU/m3) were associated with high outdoor 

levels (38% of samples above reference levels). The most prevalent mold species were 

Cladosporium species (found in 41% of the samples), Penicillium species (24%), and 

Aspergillus fumigatus (8%). The last species produces mycotoxins (Ayanbimpe et al., 2010), 

may induce invasive lung infections, and is a potential cause of morbidity and mortality in 

susceptible and immunodeficiency individuals, including the elderly. The outdoor main 

species were Cladosporium species and Penicillium species in both seasons.

Figures 1a and 1b represent the distribution of the bioaerosols by room and season. The total 

bacteria concentration was below the reference level, but indoor levels were twofold higher 

than levels outdoors. Bacteria concentrations were highest in the dining room (467 CFU/m3) 

in the winter; in contrast, drawing-room levels were highest in the summer (509 CFU/m3). 

Fungi showed a wider distribution in all areas analyzed in the summer season (Figure1b). 

Figure 1c presents bacteria and CO2 levels by season and by room. Although bacteria and 

CO2 concentrations show some similar trends by room, the correlation coefficient was not 

significant (Figure 1c).

Thermal Comfort

During monitoring, the mean daily ambient air temperatures in Porto ranged from 16 to 

28°C in summer, and from 4 to 14°C in winter. In the ECC, temperatures ranged between 16 

to 30°C in summer and 12 to 16°C in winter.

Both PPD and PMV varied significantly by season. In winter, 42% of residents were 

dissatisfied (PPD) with indoor TC, rating it “slightly cool” (PMV = −1.2) (Figure 2). As 

noted earlier, only 33% of the ECC buildings were insulated, 30% had central heating, and 

visible inspection suggested leaks and condensation problems were common. In summer, the 

dissatisfaction index presented a lower rate of (PPD = 8%), reflecting a “neutral” PMV 

index (PMV = −0.03). Analysis of PPD by room (Figure 3) showed that medical offices 

(winter: 49%; summer: 10%) and bedrooms (winter: 47%; summer: 9%) were the areas with 

the highest percent of dissatisfied residents in both seasons. Dining and drawing rooms had 

the lowest PPD, likely due to higher occupancy rates in these rooms that may disguise the 

lack of insulation present in most of the buildings. Our results indicate that maintenance of a 

comfortable indoor environment with good IAQ for elderly populations living in ECC in 

Portugal may be a substantial challenge, especially in winter.

DISCUSSION

The indoor environment has special significance for elderly persons, who are particularly 

susceptible to TC concerns as well as adverse respiratory and cardiovascular effects 

associated with IAQ pollutants, and who are likely to spend most of their day indoors. 

Currently, few reports have addressed IAQ and TC concerns among older subjects or in 

elderly care centers (ECC). Simoni et al. (2002) showed an association of relatively low 
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levels of indoor pollutants, such as PM, with acute respiratory symptoms and reduced peak 

expiratory flow in an older population. Later, Simoni et al. (2003) suggested the need for 

further studies on indoor pollutants and health in the elderly, including a focus on improved 

exposure assessment, various short-term and long-term health outcomes, and identification 

of those characteristics potentially associated with susceptibility of adverse effects. The 

indoor environment may also affect the development of preexisting diseases in the elderly, 

an unstudied and potentially important research area.

Air quality monitoring in a small set of Portuguese ECC showed that PM10, TVOC, 

formaldehyde, CO, bacteria, and fungi levels were often, but not always, within reference 

values. These pollutants have been associated with a variety of effects, where airborne 

bacteria are confirmed or presumed causative agents of several infectious diseases, and also 

with the development and exacerbation of chronic respiratory illness, including asthma 

(Peccia et al., 2008). The same concern was reported in a review by Tang (2009) for fungi 

and their spores, which may trigger hypersensitivity reactions such as rhinitis, sinusitis, or 

asthma, and also for viruses such as the severe acute respiratory syndrome-associated 

coronavirus with a 50% fatality rate for those over 65 years old. Further, the role of human 

occupancy as a source of indoor biological aerosol is poorly understood. Size-dependent 

particle behavior often might be associated with specific chemical and biological 

components of PM. The strong signal of human microbiological contaminants as far as 

airborne PM is concerned in an occupied room demonstrates that the inhalation route might 

be a source of exposure to microorganisms emitted from the skin, hair, nostrils, and mouths 

of their occupants (Qian et al., 2012).

In our study, while the total bacterial concentration was almost always below the reference 

level, indoor levels were twofold greater than those outdoors, due to a result of occupancy 

(e.g., direct human shedding), or resuspension (e.g., from carpet, and potentially other 

sources (Hospodsky et al. 2012). The similar trends of bacteria and CO2 concentrations by 

room in our study indicate possible human source of the bacteria. Low ventilation rates and 

crowded conditions increase CO2 levels, and bioeffluent concentrations, potentially 

including bacteria, gases, odors, PM, and viruses (Mendes and Teixeira, 2012). With respect 

to bacteria, inhalation of infectious microorganisms from individuals and animals is a 

primary mechanism of contagion for most acute respiratory infections. Such risks may 

increase in indoor environments that have low ventilation rates and use untreated and 

recirculated air (Franchi et al., 2006).

In general, the elderly seem to perceive TC differently from the young due to a combination 

of physical aging and behavioral differences (Hoof and Hensen, 2006). Our findings show a 

PPD index of 42% dissatisfied residents in winter, a high rate that may partially be 

explained by cooler outdoor temperatures found (average of 13°C) and the ECC building 

characteristics, including use of natural ventilation, stone masonry, and lack of insulation. 

Several investigators found that older adults have a lower activity level and metabolic rate 

than younger persons, and thus require higher ambient temperatures (Havenith, 2001; 

Tsuzuki and Iwata, 2002). Further, the ability to regulate body temperature tends to decrease 

with age (Hoof and Hensen, 2006). Tsuzuki and Ohfuku (2002) also found that older adults 

have reduced warmth sensitivity in cold seasons, and similarly reduced cold sensitivity in 
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hot seasons. Physiologically older adults preferred a warmer environment (+2°C) than 

younger people. Enomoto-Koshimizu et al. (1997) suggested that a 20–24°C comfort zone is 

not warm enough for older adults, and specified an optimal temperature of 25.3°C for 

sedentary older adults.

The IAQ and TC measurements suggest the difficulty of maintaining indoor environmental 

conditions in ECC that are suitable to this susceptible population, especially in winter. 

Individual differences among older persons may be large with respect to the requirements 

and preferences of TC parameters, and more research is needed on this topic, for example, 

using studies allowing older adults personal control over their thermal environment (Hoof 

and Hensen, 2006). Further, Raymann and Van Someren (2008) presented temperature and 

TC as major issues for the elderly population where cardio-mortality was associated with (1) 

ambient temperature (Halonen et al., 2010) and (2) indoor climate with low temperatures 

due to poor insulated houses (Bøkenes et al., 2009).

Strengths and Limitations of the Study

This study investigated both IAQ and TC parameters in occupied ECC in both in summer 

and winter seasons. Sampling could not be conducted simultaneously in the ECC due to 

equipment and logistical limitations; thus, temporal variation in outdoor pollutant levels and 

weather over the measurement period may have affected indoor results. In addition, 

measurements were short-term in nature, and only a subset of rooms within ECC and a small 

number of ECC in one city were studied. This limitation will be addressed in further 

research in which 20 ECC will be studied in two cities, and the larger data set will allow a 

number of additional analyses.

CONCLUSIONS

IAQ and TC have been rarely evaluated in ECC. Characterization of IAQ and TC in six 

ECC in Portugal revealed several concerns. Not surprisingly, concentrations of CO2, TVOC, 

and bacteria were above outdoor levels, indicating indoor sources, and these and other 

pollutants (PM10, CO and fungi) sometimes exceeded reference levels. Perhaps most 

significantly, TC PPD index was classified as “slightly cool” in the winter season. Although 

these results suggest that indoor concentrations of most parameters were generally within 

reference values, the results suggest the need to improve the balance between IAQ and TC 

parameters. Potentially, simple measures could provide health benefits to ECC residents and 

workers, such as insulating ceilings, walls, and windows, without giving up natural and 

passive ventilation solutions that are common in Portugal due to the advantage of the 

country’s generally mild weather. The present study suggests that further study is needed to 

analyze the interaction between TC and IAQ variables in order to improve the well-being of 

our elderly population.
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FIGURE 1. 
a. Bacteria concentration distribution by room and season (● Max; ■ Min; S – summer; W 

– winter; — high reference level).

b. Fungi concentrations distribution by room and season (● Max; ■ Min; S – summer; W – 

winter; — high reference level).

c. Bacteria and CO2 concentrations by room and season.
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FIGURE 2. 
Overall PMV indexes (*P < 0.05) (● Max; ■ Min).
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FIGURE 3. 
PPD by room and season (*P = 0.013).
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Table 1

Study Design Estimates

Porto elderly population living in ECCs (number)a 1574

ECCs in Porto (number)a 57

Lisbon elderly population living in ECCs (number)a 3646

ECCs in Lisbon (number)a 95

Estimated elderly dementia (%)b 53

Estimated sample size population with 95% CI in Porto (number)c 309

Estimated sample size population with 95% CI in Lisbon (number)c 348

Note. Sources:

a
, Social, 2010 [http://www.cartasocial.pt];

b
, estimated based on data provided by the ECCs managers;

c
, OpenEpi, Version 2.3.1, 2011 [www.OpenEpi.com] (Dean et al., 2001).
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Table 2

ECC Building Characteristics, Expressed as Percentage

Heating systems

  Central 30

  Gas and oil heaters 70

Interior conditions

  Condensation 56

  Leaks 67

Insulation 33

Power supply

  Electricity 56

  Gas 67

Proximity to traffic 89

Single pane glass 78

Stone masonry 78

Window frames (wood) 67
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