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SUMMARY  

The built environment can create a sizeable impact on the health of its inhabitants and on the 
global environment.  The contribution from the residential sector is significant.  There are 

more than 120 million existing homes in the United States and more than 2 million new 
housing structures are built each year.  Sustainability design and remodeling principles can 

diminish the negative impacts on the indoor and global environments, when adopted.  While 
sustainability programs have gained market acceptance in the design of new construction, 

their applicability to remodeling of existing structures has lagged.   In project BREATHE, we 
are conducting an evaluation of the indoor environmental quality of existing single-family 

housing and associated parameters of inhabitant symptomology, construction metrics, heating 

and cooling systems, climatic factors, ambient air quality, and barriers to the adoption of 

sustainability technology innovations.  This paper reviews dataset framework and data 

collection methods of this ongoing study. 
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INTRODUCTION 

 

Project Objectives 

The long-term aim of project BREATHE is the establishment of a systematic dataset for 

understanding the quality of environments in residential structures, enhanced integration 

among research programs examining this issue, and translation of scientific knowledge to 

homeowner decision makers.  While considerable attention has been devoted to understanding 

impacts of the indoor environment on inhabitants in occupational settings, less is known about 

impacts of residential settings.
1
  Key differences exist between occupational and residential 

exposure situations, such as length of exposure period and age of inhabitants.   Since children 

and older adults tend to spend greater proportions of their time in the residential environment, 

and since these age groups might respond differently to air contaminants than would the 

working-age adult population, a systematic understanding of the exposure risk is needed in 

order to more fully characterize the risks to these vulnerable populations.
2,3

   In a meta-
analysis of research findings pertaining to indoor environmental quality in European homes, 

the European Federation of Allergy and Airways Disease Patients Associations (EFA) 
summarized the findings of ninety-three studies with the aim of identifying cost-effective 

methods and technology for improving indoor air quality and recommending future research 
directions.4 The project concluded that specific health determinants of the indoor environment 

have been identified, and that the IEQ research community should redirect its attention to the 
analysis of spatial and economic trends, integrating findings among researchers, and 
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translating knowledge to the public.  A recent strategic plan published by the Department of 
Housing and Urban Development’s Healthy Homes Initiative listed, among its six 

recommendations for future research,  the development of “standard, evidence-based healthy 
home assessment tools and intervention protocols” and the “improvement of overall 

dissemination of healthy homes information”.
5 

Toward these ends, project BREATHE aims to 
establish a standard IEQ assessment protocol for homes and a set of models and tools with the 

aim of translating IEQ data to the research community and the general public. The first phase, 

data collection, of the project is underway and the methods developed are the subject of this 

paper. 

 

METHODS  

 

Dataset Structure 

The data collection procedures for project BREATHE are adapted from those of the 

Environmental Protection Agency (EPA) project Building Assessment Survey and Evaluation 

(BASE), a large-scale study that collected baseline indoor air quality data in public and 

commercial buildings.6  The BREATHE dataset consists of three primary modules:  

environmental, building, and occupant.  The key parameters within each module are depicted 

below in Figure 1.  A relational database has been created to store data, much of which is 
entered directly at the time of site visit.  Detailed descriptions of data collection methods for 

each module and associated parameters are given, below. 
 

 
Figure 1:  Project Dataset Structure 

 

Environmental Module.  In each residence, sampling is performed in two indoor locations, 

kitchen and main living space (living or family room) and one outdoor location.  The presence 

of fungi, mesophilic bacteria, and thermophilic actinomycetes are evaluated via integrated air 
and bulk floor sampling.  Air sampling is performed according to NIOSH Analytical Method 

0800, with a high volume pump and Biostage size-selective impactor.  Collection plate choice 
for fungi sampling is trypticase soy agar, and for mesophilic bacteria and thermophilic 

actinomycetes, malt extract agar. Viable and non-viable fungal spore sampling is performed 
with pump and VersaTrap spore cassette.  Carpet and floor sampling is conducted using the 
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SKC carpet sampling high volume pump and 0.45µm polycarbonate filter in styrene cassette 
with micro-vacuum nozzle.   The Grey Wolf DirectSense IAQ PPC Plus kit is used to 

measure total volatile organic compounds (VOCs), carbon monoxide (CO), carbon dioxide 
(CO2), relative humidity, ozone, wet bulb temperature and dry bulb temperature.  

Formaldehyde is monitored via portable spectrophotometer (Miran SappIRe XL) in 
datalogging mode.  Airborne particulate matter (PM) of two size fractions, PM2.5µ and 

PM10.0µ, is measured with the TSI Sidepak AM 510 Aerosol Monitor.  Two AM510 units 

are employed, one calibrated with appropriate in-line impactor attachment for each of the two 

size fractions of interest.    

 

Building Module. All building module inspection checklists are based on protocols of the 

EPA STAR program’s Indoor Air PLUS and of EarthCraft House, a green building 

certification program with a set of standards for sustainable renovation of existing homes.   

The following parameters are recorded for each house:  building age, age of last addition, 

gross floor area, occupied floor area, number of floors below grade, number of floors above 

grade, presence of attached garage, number of occupants, average number of occupied hours 

per week, types of construction materials and sustainability features.  Building inspection for 

water management at the foundation, wall assemblies, roof assembly, and plumbing system is 

conducted.  Moisture incursion is evaluated in locations identified as problematic during 
inspection.  This is performed with the Tramex model MRH moisture sensor.    For roof, 

masonry, drywall or laminate materials, moisture readings are provided as a percentage of a 
reference scale.  For wood materials, percent moisture content is obtained. Building and 

furnishing material types are recorded to assess contribution of these elements to air 
contaminants.  The following items are inspected and categorized:  insulation type, subfloor 

material, cabinet construction and surface, shelving, countertops, particle board in fixed 
elements and furnishings, flooring surfaces, wall surface materials (type of paint, if known), 

stains and wood finishes, carpet and pad type (if known), adhesive types (if known), mats at 

entry points, central vacuum systems (type and collection receptacle location). Heating and 

cooling systems. The following are collected:  average number of heating and cooling days for 

the location, winter design dry bulb temperature, summer design dry bulb temperature, and 

summer design wet bulb temperature for the building location.   Whether the residence is 

ventilated naturally or mechanically is recorded.  Type of mechanical ventilation, heating and 

cooling equipment is recorded; along with ventilation, location and sealing of combustion 

heating systems and devices. In addition to the building material sources of pollutants, the 

inspectors record evidence of pets, pests, pest control, household deodorizers, and 

houseplants.   

 

Occupant Module. Information regarding the number of occupants in the residence, their 

ages, genders, and racial/ethnic affiliations, are recorded. Evidence of symptoms and previous 
diagnoses of diseases commonly associated with indoor environmental pollutants are assessed 

using a validated questionnaire instrument adapted from the EPA BASE project occupant 
symptom survey and standardized respiratory health questionnaires developed by the 

American Thoracic Society and Lebowitz and Burrows.
7,8

    Homeowner perceptions of the 
risks and benefits associated with adoption of IEQ-impacting sustainability technologies are 

collected with a questionnaire instrument adapted from Koebel’s work on diffusion of 
innovation in the housing industry.9 

 

DISCUSSION 

While the present paper describes an initial phase of project BREATHE, which involves data 

collection on existing housing in Virginia, the aim is to expand this work to create a national 
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dataset.  The overall study objectives address important gaps in the existing knowledge base, 
through accomplishment of the following. 1) Creation of Data Set: Establish an extensive 

dataset of existing housing parameters. Data will be analyzed using geographic information 
systems spatial epidemiology and structural equation modeling to evaluate relationships 

among outdoor pollutants, indoor pollutants, housing energy and environmental performance 
factors, and inhabitant health. 2) Decision Support System. Create an interactive, web-

enabled spatial DSS based upon relationships and risks associated with the factors in the IEQ 

data set.  The findings of the study would then be accessible to the public, in assisting them 

with decisions about improving their home environments and would be responsive to their 

specific inputs. 3) Community of Scholars.  A web–based tool will be created to encourage 

data sharing among IEQ researchers. 4) Diffusion of Innovation.  Homeowner perceptions of 

the risks and benefits associated with adoption of IEQ-impacting sustainability technologies 

will inform a model for diffusion of sustainability innovation in residential construction. 

 

CONCLUSIONS 

This paper describes the first phase of a larger body of work:  the development of a dataset to 

describe environmental quality, housing parameters, and occupant symptoms and perceptions.  

Future research is planned to expand the geographic range of the project and to utilize the 

findings in several tools that would facilitate information dissemination and innovation 
translation.   
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