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Abstract 
Where and how buildings are built affects the ecosystems around us in countless ways. And the buildings 
themselves create new indoor environments that present new environmental problems and challenges. In addition, 
the growing use of synthetic materials, solvents and mechanical systems of environmental control within buildings 
carry threats to health and personal well-being. This paper investigates how indoor environmental quality 
influences the health and comfort of occupants. The solutions to sustainable indoor environment are reviewed 
afterwards. 
The results show that maintaining the conditions of a building improves the health of its occupants. Meanwhile, 
with regards to the importance of improving environmental conditions in green buildings, the well-being, health 
and safety of building occupants and all those potentially affected by a building should be a primary goal of a 
sustainable architecture. 
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1. Introduction 
Evidence indicates that various building aspects influence the health and the comfort of occupants. For example, 
design characteristics of hospitals, such as better ventilation, layout and lighting, have resulted in reduced stress 
and fatigue in patients and staff, as well as improvement in overall health [Ulrich et al, 2004]. Similarly, building 
placement relative to residential and commercial areas influences whether occupants must depend on automobiles 
or are able to walk, bicycle and use public transit to other destinations [Saelens et al, 2003], [Frank et al, 2005], 
[Handy et al, 2002]. The conditions of a building affect the health of its users. Lack of safe drinking water, 
inadequate heating or cooling, waste disposal, and ventilation systems result in adverse health effects, including 
respiratory illness, asthma, infectious disease, injuries, and mental health disorders. These conditions, which are 
characteristic of substandard housing, predominantly affect vulnerable populations specifically people of radical 
minorities [Krieger, Higgins, 2002]. Moreover, susceptibility of poor and minority populations to hazard may be 
increased due to underlying health conditions [Frumkin, 2002], such as asthma [National Heart, 1995] and 
cardiovascular disease [Geronimus et al, 1996]. Therefore, maintaining the conditions of a building improves the 
health of its occupants. The well- being, health, and safety of a building occupants and all those potentially affected 
by a building is a primary goal of a sustainable architecture. Health goals, on the other hand, relate to all issues 
dealing with the long term health of the occupants and passers-by. This subsystem also includes factors that are 
concerned with the satisfaction users have with the building, its space and conditions. This involves notions of 
comfort or minimizing discomfort as well as protecting physical property within and around a building. This paper 
investigates how indoor environment greatly affects the occupant's well being. The solutions to sustainable indoor 
environment are reviewed afterward.   
2. Attending to environmental psychology in buildings  
About a decade ago the term" Sick Building Syndrome" (SBS) was coined to describe the condition where people 
easily get mental and physical diseases by occupying a particular building [Edwards, 1999]. Psychologist indicated 
that these buildings had always been criticized for separating their occupants from the natural elements.  Kaplan's  
[Kaplan ,1995] attention restoration theory (ART) posits that natural settings provide an easy fascination that can 
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help people recover from the mental fatigue caused by the more effortful attention often required by work . Wilson 
[Wilson, 1984] addresses that humans have an innate need for contact with the natural world and in particular seek 
to occupy and recreate in settings that are similar to those from our evolutionary past. Ulrich [Ulrich, 1993] 
reviews studies supporting hypotheses that humans have innate negative and positive associations with various 
elements of the natural world. 
Kuo and Sullivan [Kuo, Sullivan,2001] have extended these findings by showing that the presence of vegetation in 
public housing sites is significantly associated with reduced levels of aggressiveness and crime. The hypothesis 
about the restorative function of natural environment has been tested in many empirical studies. Ulrich [Ulrich et al, 
2004] for example founded that hospital patients who could look out on trees and nature from their windows 
recovered more quickly than whose views restricted to buildings. Schroeder [Schroeder, 1991] has shown that 
natural environments with vegetation and water induce relaxed and less stressful states in observers compared with 
urban scenes with no vegetation. This ability of natural elements to function as “natural tranquillizers” may be 
particularly beneficial in urban areas where stress is an all too common aspect of daily living [Berg et al, 1998]. 
Later studies have lead to similar results, strengthening the assumption that natural environment have positive 
influence on psychological and mental health. Not only green areas have significant effect on human behavior, but 
also natural features seem to affect emotional well being. For example an evaluation of day lighting in schools 
showed that students in day lit classrooms were happier than those with minimal day lighting in other classrooms 
[Heschong et al, 2002]. These studies show natural element play an important role in buildings and can simply 
affect the occupant’s psychological behaviors and their well being. 
3. The importance of Environmental health in buildings  
The growing use of synthetic materials, solvents and mechanical systems of environmental control within 
buildings carry threats to health and personal well-being. The term SBS is used to describe situations in which 
building occupants experience acute health and comfort effects that appear to be linked to time spent in a building, 
but no specific illness or cause can be identified [Boxer, 1990]. The complaints may be localized in a particular 
room or zone, or may be widespread throughout the building. SBS is generally seen as a problem caused by a 
combination of factors such as poor thermal, visual and aural comfort condition, the presence of gaseous pollutants, 
microbiological contamination, dust and fibers, and tobacco smoke. SBS is exacerbated when occupants of 
buildings lack the ability to perceive natural conditions and are unable to control their own internal environmental 
conditions.  On the other hand, the term "building related illness" (BRI) is used when symptoms of diagnosable 
illness are identified and can be attributed directly to airborne building contaminants. SBS and BRI are associated 
with acute or immediate health problems.  
(See Table 1 and Table 2) 
In 1983, World Health Organization Committee reported that up to 30 percent of new and remodeled buildings 
worldwide may be the subject of excessive complains related to indoor air quality (IAQ) [World Health 
Organization, 1983]. This condition may have long-term problems in some buildings. Frequently, problems result 
when a building is operated or maintained in a manner that is inconsistent with its original design or prescribed 
operating procedures, then indoor air problems are a result of poor building design or occupant activities. It is 
important to note that complaints may result from other causes. These may include an illness contracted outside the 
building, acute sensitivity, job related stress or dissatisfaction, and other psychological factors. Nevertheless, 
studies show that symptoms may be caused or exacerbated by indoor air quality problems [Galea et al, 2005]. 
Effective control of SBS requires an appreciation of the toxicology of materials, finishes and decorative veneers 
employed in building, furnishings and furniture. In addition, the quality of the internal environment may be 
affected by external pollutants finding their way inside such as traffic fumes, radon and landfill gases. As much 
indoor air quality control is dependent upon using outside air for dilution and displacement of pollutants, the 
interior environmental quality relies upon clean exterior air. In some town centers, the outside air may be more 
contaminated than that on the inside. Often SBS problems are dependent upon a combination of factors and the 
mixing of pollutants and low-level toxicity from many sources. As psychological factors play their part, it has been 
observed that sealed air-conditioned buildings are more prone to complaints of SBS than buildings ventilated and 
lit by natural means [Hedge et al, 1996]. Since people spend the majority of their lives indoor the quality of the 
internal environment greatly affects their mental and physical health. The emergence of deep planned, relatively 
small windowed office buildings and shops in the 1970s onwards coincided with a growth in health problems. As 
energy conservation has become more important, buildings have tended to become more highly sealed to control 
unwanted air filtration. With reduced ventilation rates, the low level toxicity inside become more critical to the 
well being of building occupants. The period 1970-98 has seen a big increase in synthetic carpeting, the use of 
adhesives, plywood and particle boards which are known to give off gaseous pollutants. At the same time, the 
growth in service industries led to greater use of office machines of various kinds which became another source of 
background pollution through dust and electromagnetic radiation [Benefits of Good IAQ, 2008]. These changes to 
the office environment have been paralleled  in the home where wall-to-wall carpeting (usually incorporating 
man-made fibers), sealed window systems and the replacement of open fires by central heating, has led to concern 
over SBS in the domestic sector. This background provides the clues to how a healthier internal environment may 
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be created. However for the designers, the rate at which pollution is given off by certain materials is not readily 
available. The lack of necessary judgmental data means that well-intentioned architects remain in the dark. The 
concentration of air-borne pollutants from inside buildings may be a hundred times that in the outside air but little 
is known of their precise origin, whether in paints, cleaning solvent, particle board, pesticide applications, 
halogens and so on. Hence the task of designing SBS free buildings is particularly difficult [Hedge et al, 1992]. 
Some pollutants are certainly the result of design decisions, others stem from the nature of maintenance or 
management contracts, and others are introduced by the occupants themselves. 
4. Main contributing factors in creating SBS  
Studies indicated that 16–37 million cases of colds and flu could be avoided by improving indoor environmental 
quality, resulting in $6–$14 billion annual savings in the United States [Fisk et al, 2002]. The symptoms of SBS 
might also be reduced 20–50%, resulting in $10–$30 billion annual savings in the United States[Milton et al,2000], 
Similarly, people seem to experience more headaches, dizziness, and tiredness when toxic materials are present 
[Wargocki et al,1999] Therefore it is significant to address the main causes of sick building syndrome. The 
following points have been cited main causes of or contributing factors to SBS: 
4.1 Inadequate ventilation:  
In the mid 1900's, building ventilation standards called for approximately 15 cubic feet per minute (cfm) of outside 
air for each building occupant, primarily to dilute and remove body odors. As a result of the 1973 oil embargo, 
however, national energy conservation measures called for a reduction in the amount of outdoor air provided for 
ventilation to 5 cfm per occupant. In many cases, these reduced outdoor air ventilation rates were found to be 
inadequate to maintain the health and comfort of building occupants. In the USA, investigations carried out up to 
the end of 1983 by the National Institute for Occupational Safety and Health (NIOSH), a governmental 
organization, showed 'inadequate ventilation' to be the causal factor in about half of buildings with health 
complaints (see Table 3) [Sick Building Syndrome ,1990]. Inadequate ventilation, which may also occur if heating, 
ventilating, and air conditioning (HVAC) systems do not effectively distribute air to people in the building, is 
thought to be an important factor in SBS. In an effort to achieve acceptable IAQ while minimizing energy 
consumption, the American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) 
recently revised its ventilation standard to provide a minimum of 15 cfm of outdoor air per person and 20 cfm per 
person in office spaces. Up to 60 cfm/person may be required in special spaces such as smoking lounges. The 
amount of adequate ventilation depends on the activities that normally occur in that space [Interpretations to 
ASHRAE Standard, 1989].   
4.2 Chemical contaminants from indoor sources:  
Most indoor air pollution comes from sources inside the building. For example, adhesives, carpeting, upholstery, 
manufactured wood products, copy machines, pesticides, and cleaning agents may emit volatile organic 
compounds (VOCs), including formaldehyde. Environmental tobacco smoke contributes high levels of VOCs. 
Tobacco smoke is a major source of particulate and gaseous contamination and passive smoking poses direct 
health risks through contracting lung center and secondary risks by increasing susceptibility to respiratory 
conditions caused by other sources of indoor pollution. Research shows that some VOCs can cause chronic and 
acute health effects at high concentrations, and some are known carcinogens. Low to moderate levels of multiple 
VOCs may also produce acute reactions [Interpretations to ASHRAE Standard, 1989]. Combustion products such 
as carbon monoxide and nitrogen dioxide can come from unventilated kerosene and gas space heaters, woodstoves, 
fireplaces and gas stoves.  
4.3 Chemical contaminants from outdoor sources:  
The outdoor air that enters a building can be a source of indoor air pollution. For example, pollutants from motor 
vehicle exhausts; plumbing vents, and building exhausts such as bathrooms and kitchens, can enter the building 
through poorly located air intake vents, windows, and other openings. In addition, combustion products can enter a 
building from a nearby garage.  
4.4 Biological contaminants:  
Bacteria, molds, pollen, and viruses are types of biological contaminants. These contaminants may breed in 
stagnant water that has accumulated in ducts, humidifiers and drain pans, or where water has collected on ceiling 
tiles, carpeting, or insulation. Sometimes insects or bird droppings can be a source of biological 
contaminants .These microbial pollution, which caused by the presence of dust mites leads to asthma attacks in 
some people and allergic reaction in others. Dampness tends to lead to an increase in the population of dust mites 
and in the growth of moulds, which through the release of spores, can lead to hay fever attacks. It is though that 
10-15 percent of the population is subject to such attacks. If other contaminates are present, such as gaseous 
pollution given off by particle board, such attacks are more severe and can lead to complicated secondary illness 
[Clean Med. Conferences, 2003].   
Generally, these elements may act in combination, and may supplement other complaints such as inadequate 
temperature, humidity and lighting. 
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5. Solutions to improve indoor environmental quality 
As SBS and BRI create major physical and mental problems on occupants, it is significant to improve indoor air in 
buildings. To solve these problems, following suggestions may be appropriate: 
5.1 Increasing ventilation rates:  
It can be a cost effective means of reducing indoor pollutant levels. HVAC systems should be designed, at a 
minimum, to meet ventilation standards in local building codes; however, many systems are not operated or 
maintained to ensure that these design ventilation rates are provided. In many buildings, IAQ can be improved by 
operating the HVAC system to at least its design standard [Interpretations to ASHRAE Standard, 1989]. When 
there are strong pollutant sources, local exhaust ventilation may be appropriate to exhaust contaminated air directly 
from the building. Local exhaust ventilation is particularly recommended to remove pollutants that accumulate in 
specific areas such as rest rooms, copy rooms, and printing facilities.  
5.2 Pollutant source removal or modification:  
It is an effective approach to resolving an IAQ problem when sources are known and control is feasible. Examples 
include routine maintenance of HVAC systems, such as  periodic cleaning or replacement of filters; replacement 
of water-stained ceiling tile and carpeting; institution of smoking restrictions; venting contaminant source 
emissions to the outdoors; storage and use of paints, adhesives, solvents, and pesticides in well ventilated areas, 
and use of these pollutant sources during periods of non-occupancy; and allowing time for building materials in 
new or remodeled areas to off-gas pollutants before occupancy.  
5.3 Air cleaning:  
It can be a useful adjunct to source control and ventilation but has certain limitations. Particle control devices such 
as the typical furnace filter are inexpensive but do not effectively capture small particles; high performance air 
filters capture the smaller, respirable particles but are relatively expensive to install and operate. Mechanical filters 
do not remove gaseous pollutants. Some specific gaseous pollutants may be removed by adsorbent beds, but these 
devices can be expensive and require frequent replacement of the adsorbent material. In sum, air cleaners can be 
useful, but have limited application. 
5.5 Flexible design:  
Designed to give occupants control over their interior environment. For reducing sick building syndrome in 
buildings and workstations, the building design could easily be modified in an adaptable condition, In other words, 
the building design should encourage tenant's motivation to control his or her own environment and provide a 
comfortable condition. 
5.5 Education and communication:  
They are important elements in both remedial and preventive indoor air quality management programs. When 
building occupants, management, and maintenance personnel fully communicate and understand the causes and 
consequences of IAQ problems, they can work more effectively together to prevent problems from occurring, or to 
solve them if they do [World Health Organization, 1983].  
5.6 The location of building: 
Designers should pay attention to the appropriate site location. Buildings should be located where external air 
quality is high.  
6. Conclusion  
As discussed in this paper, separation from natural elements, often occurs in large buildings, has negative physical 
and psychological effects on human life. Since there is an increasing attention paid to larger building projects, 
architects should pay more attention to occupant's health on buildings. This article contributes to a growing 
dialogue addressing the impacts of sick buildings syndromes and poor indoor environmental quality on human 
health, by highlighting sustainable strategies that effects the indoor environment and concurrently improve 
occupants’ health. (See Table 4). Adaptation strategies, merit attention because they can help designers to improve 
the indoor air quality and reduce the illnesses related to buildings.  
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Captions: 
Table 1. Medical syndromes associated with buildings [Sick Building Syndrome, 1990, Chapter 2]   
Table 2. Differences between indicators of SBS and BRI [Authors] 
Table 3. Types of problem found in 203 indoor air quality investigations carried out by National Institute for 
Occupational Safety and Health (NIOSH) [Sick Building Syndrome, 1990, Chapter 4]   
Table 4. Relationship between sustainable strategies and health co-benefits [Authors] 
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