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ABSTRACT  
 
 People lives indoor most of time. Buildings directly influence occupants’ health and productivity.The effect 
of indoor environmental quality (IEQ) in buildings on occupants’ health, well-being, and productivity is an 
important topic in occupational health and public health. Buildings which are facilitated by green features 
provide clean and more comfortable environment for their occupants. Better ventilation, higher indoor air 
quality, environmentally friendly materials and optimized lightening are the features that influence people in 
green buildings. This paper aims to find out green buildings impacts on their occupants’ health and productivity. 
Data has been collected through literature review. Results reveal that buildings with green features and 
environmental friendly materials provide better indoor environment quality for their residents compared 
conventional buildings. Consequently, high indoor environment quality will lead to less indoor pollution and 
improve occupants’ health and productivity compared with conventional buildings residents. 
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Introduction 
 
 The effect of indoor environmental quality (IEQ) in green buildings on occupants’ health, well-being, and 
productivity is an important topic in occupational health and public health research.IEQ can influence 
occupant’s health condition positively or negatively. IEQ can negatively affect occupants’ physical health (e.g., 
asthma exacerbation and respiratory allergies) through low air quality, high or low temperatures, excess 
humidity, and insufficient ventilation and psychological health (e.g., depression and stress) through inadequate 
lighting, acoustics, and ergonomic design (Baughman, 1996 Henneberger, 2005). Therefore to have a healthy 
life, we need to more concentrate on buildings impacts on their occupants. It is an important issue for both 
residential and commercial buildings. Many studies cited role of IEQ on employee productivity and 
wellbeing.Employees with poor IEQ are absent more often, lose more work hours, and are less productive than 
employees who work in offices with high indoor environmental quality (Burton et al., 2001, Wargockiet al., 
2000). The green building development is attempting to address IEQ and occupants’ health concerns by 
providing greener, cleaner and healthier build environments. 
 People spend their lives mostly in the buildings. According to Liqunet al (2011) contemporary people spent 
85 to 90 percent of 24 hours in indoor in a whole life. Therefore indoor air quality becomes a critical issue for 
the individual and public health. Poor indoor air quality and pollution can cause injury to occupants’ health,it 
also influences their productivity and human beings’ lives. 
 The indoor pollution can be caused by the building and materials which used for building decoration. It may 
damage people’s health condition even more than outdoor pollutions. Nowadays, human has to suffer not only 
outdoor factors such as: noise, water pollution and motor vehicle pollution that result fromglobal industrial 
development, but also the indoor environment pollution that comes from buildings and indoor decorative 
materials. 68% of diseases are related to indoor pollutions or poor indoor air quality, such as the aging of skin, 
hair shedding, general fatigue, forgetfulness, infertile, leukemia and cancer (Liqunet al., 2011). According 
toLiquanaet al (2011), 37% of the respiratory diseases are caused by indoor environment.Also 22% of chronic 
disease, 5% of bronchial catarrh, 5% of cancers and 5% of leukemia are caused by indoor environment orindoor 
pollutions.  
 
2. The source of indoor pollution: 
 
 To ameliorate indoor air quality (IAQ) standards, WHO has established a comprehensive guideline.  
According to the guideline, indoor pollution comes from four main resources. The resources are as follow: 
building materials, household electrical appliances, heater and the sootfrom cooking. Buildings and decorative 
materials were cited as main sources of indoor pollution (Hongxianget al., 2004).Radioactive and chemical 
pollution are the main harms from these sources. Radioactive is released from decorative materials and elements 
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such as brick walls, stones and concrete. Chemical pollution is released from textile, paint glue. Both of them 
can lead to cancer in long term and threat occupants’ health especially children.Indoor chemical pollutant 
includes: 
 
2.1 Benzene: 
 
 Benzene in indoor air can originate from outdoor air and also from sources indoors such as building 
materials and furniture, attached garages, heating and cooking systems, stored solvents and various human 
activities. Materials used in interior design and construction are main contributors to indoor benzene 
concentrations (Hodgson et al., 2003) 
 
2.2 Carbon Monoxide: 
 
 Carbon monoxide can be foundin every place. It is produced by cooking and heating as indoor resources 
and is also introduced from outdoor to indoor environment (International Programme on Chemical Safety, 1999). 
In developed countries the main source of carbon monoxide emission is lack of appropriate cooking and heating 
ventilation system or poor maintenance and installation. But in developing countries tobacco and biomass fuels 
are the main sources of carbon dioxide emission (Kleinman, 2009). 
 
2.3 Formaldehyde: 
 
 Formaldehyde Indoor sources may be ignition processes such as smoking, heating, cooking in the building 
(International Agency for Research on Cancer, 2006; Salthammer et al., 2010).In the non-smoking buildings, 
formaldehyde originates from building materials such as furniture and wooden products containing 
formaldehyde-based resins such as particleboard, plywood and medium-density fibreboard; insulating materials 
(Hodgsonet al., 2002).  The level of formaldehyde in indoor environment is related to level of humidity and high 
indoor temperature (Haghighatet al., 1998).  
 Other chemical factors such as Naphthalene, Nitrogen dioxide, Polycyclic aromatic hydrocarbons, 
Trichloroethylene and Tetrachloroethylene is found in indoor environment that may influence residents’ health 
in negative side. To achieve healthier indoor environment, it is essential to eliminate or at least decrease source 
these chemical factors in the buildings. 
 
3. Green Building: 
 
 As mentioned, indoor environment quality influences occupants’ health directly. Therefore to provide better 
indoor environment quality, we need buildings with less impact on environment and human health. Green 
building concept is a comprehensive strategy to approach to this aim.  
 Howard (2003) has defined green building as practice of 1) increasing the efficiency with which buildings 
and their sites use energy, water, and materials, and 2) reducing building impacts on human health and the 
environment, through better sitting, design, construction, operation, maintenance, and removalthe complete 
building life cycle. And according to the US Green Building Council (USGBC), green building is “the practice 
of increasing the efficiency of new buildings, and reducing their impact on human health and the environment 
through better site location, design, construction, operation, maintenance, and removal”. In both definitions less 
impact on human health is one of the main features of green building. Materials which are used in green 
building construction process not only are environmentally friendly but also they are healthier and cleaner for 
the residents. Green buildings with having exclusive features such as: better ventilation, using more sunlight and 
higher indoor air quality provide healthier environment and increase occupants’ productivity and wellbeing 
compared with non-green buildings.   
 
3.1 Green Material: 
 
 Construction materials used in buildings shed particles or emit gases. This condition can affect occupants’ 
health and wellbeing (Syal, 2008). There is no a universally accepted definition for green materials. Majority of 
them more considered as environmentally friendly or environmentally responsible materials (Kubba, 2010; 
Spiegel et al., 1999). According to this uncertainty, there are many products in the market that claimed as green 
material but there is not any proof to confirm them (Kubba, 2010). In several cases, green materials were 
interpreted as ‘natural’ materials, for example, that asbestos (added in the past to several building materials and 
now banned due to its carcinogen effect), radon (a radioactive gas possibly emitted by some stones in the 
building and harmful for lung cancer) or turpentine (solvent obtained by distillation of tree resins and harmful 
for human health) are natural (Sandrolini, 2008). Therefore being natural cannot be considered as green material 
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because may affect occupants’ health or may be harmful for them. Green construction materials can be defined 
as: 
 Materials which are sustainable during life-cycleand their sustainability can be quantified by the LCA 
methodology. 
 Not harmful for occupants’ health, such as negative impacts on indoor air quality. In addition they must not 
be source of indoor air pollution or make uncomfortable indoor environment for the users. 
 
4. Indoor Environment Quality (IEQ): 
 
 Green Building Index (GBI) in Malaysia rates green buildings under six main criteria. Each criteria depend 
on building category has different weight. According to (Figure, 1) IEQ is located at second position in the non-
residential building and third main criteria for residential buildings. It demonstrates the importance of IEQ in 
green building concept.    
 

 
 
Fig. 1: GBI Point Allocation. CBRE (2010). 
 
 The impacts of buildings on indoor environment quality are address by several factors during design stage, 
construction stage and operation period. Occupants’ activities and behaviours such as: cooking, heating, 
personal hygiene, decoration and other resources affect on IEQ in buildings too. It seems that, there is a chain of 
factors which can influence indoor environment quality. Green building concept attempt to control these factors 
during each stage, to create a healthier environment for their occupants. IEQ refer to all indoor environment 
factors which affect the occupants’ health and wellbeing. IEQ includes indoor air quality (IAQ), temperature, 
humidity, ventilation, lighting and acoustics (Warren et al., 2008).  
 
4.1 Indoor Air Quality (IAQ): 
 
 Indoor air may be defined as “the air within a building occupied for a period of at least one hour by people 
in varying states of health” (Laquatra et al., 2008). Indoor air pollutants (IAP) are categorized as chemical and 
biological pollutants. Chemical pollutants which potentially affect occupants’ health include VOCs, asbestos, 
radon, carbon monoxide (CO), carbon dioxide (CO2), nitrogen oxides (NOx), respirable suspended particulates 
(RSPs), construction chemicals, ozone. Biological pollutants include molds, dust mites, certain animals, 
cockroaches, endotoxins, houseplants, pollen, etc (Hongxianget al., 2004). IOM (2000) showed evidences of 
relationship between indoor chemical pollutants and asthma among occupants who lived in buildings with poor 
IAQ. Biological pollutants such as: molds, dust mites, certain animals have same relationships too. NOx, CO 
and RSPs were addressed as cause of sick building syndrome (SBS) and several respiratory allergic. Ozone may 
lead to slow mental development learning problems in children and high blood pressure.  Green buildings by 
using new technology and green material provide higher indoor air quality for their residents. Removing 
hazardous factors in indoor air will lead healthier environment for people and increase their satisfaction. 
According to Leeet al (2009), 56% of LEED certified buildings occupants are satisfy with IAQ. Indoor air 
quality is one of the main environmental factors that affects occupants’ health and can improve their 
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productivity. Some researches explored thatlow quality of indoor air will lead to rising SBS and drop residents’ 
performance (Sundell, 2004). 
 
4.2 Temperature: 
 
 Indoor temperature is an important factor of occupants’ satisfaction with air quality and effects on SBS. 
High temperatures have relationship with the prevalence of SBS. A rise in temperature above 25°C will lead to 
productivity decrement in indoor environment(Seppanenet al., 2004). Temperature also has direct impact on 
biological pollutants. According to Nielsen (2002)temperature has essential role in the growth of molds inside 
the buildings. Indoor temperature also can affect off-gassing from decorative materials. Exceed standard 
temperature can increase allergen factors and drop occupants’ satisfaction and productivity.In the green 
buildings with thermal control devices, productivity is 11% higher than traditional buildings (Warren et al., 
2008).   
 
4.3 Humidity: 
 
 Many studies argued associations between humidity rate and indoor air pollutants. Humidity can speed up 
prevalence biological indoor air pollutants. In the humidity climate temperature appears warmer than normal 
climate condition. Therefore level of humidity is importance for IAQ and occupants’ thermal satisfaction. High 
level of humidity also affects residents’ health and increase respiratory illnesses (Rieset al., 2007). 
 
4.3Ventilation: 
 
 Main role of ventilation is to bring outside air into building and eliminate indoor air pollutants. Ventilation 
can be natural or mechanical such as HVAC or air conditioning AC. Ventilation is the main contributor to the 
indoor air quality (Chan et al., 2009). The air supplied can be entirely from outdoor, therefore outdoor air must 
be filtered to avoid outdoor pollutants enter to building. Efficient and effective ventilation will improve indoor 
air quality, satisfy occupants by comfortable temperature and would minimise negative effects on occupants’ 
health and wellbeing.Ventilation is important factor in most of green building rating systems (Chuck et al., 
2011). Therefore green buildings facilitated with better ventilation system compared normal buildings and they 
can provide healthier indoor environment for their occupants. 
 
4.4 Lighting: 
 
 Lighting has significant impact on indoor environment quality. It affects occupants in both physical and 
psychological way. Lighting can affectoccupants’ comfort, safety, level of fatigue, as well as productivity 
(Hwang et al., 2011). To achieve good lighting environment, many dimensions must be considered by building 
designers. Dimensions are as follow: light levels such as illuminance and luminance, control of glare, 
distribution and uniformity (Hwang et al., 2011). Inadequate lighting environment may lead symptoms such as 
allergic reaction, dry eyes, headache, as well as eye fatigue.  
 Daylight can decrease health problem incidence which caused by artificial lighting. For example, 
classrooms without daylight may influence students’ ability to concentrate or decrease their performance (Boyce, 
2010). Green buildings use sun light as much as possible in order to 1) decreasing consuming energy 2) provide 
visual comfort environment for the occupants. Appropriate lighting system such as: natural and artificial lighting 
in green buildings not only improve occupants’ health and satisfaction, but also improve productivity and 
performance too.Rommet al (1994) found out substantial improvement in term of employee’s productivity and 
performance through improving lighting condition in green offices. 
 
4.5Acoustics: 
 
 Indoor noises may be related to indoor sources, outdoor sources or bad acoustics. Acoustics can protect 
indoor environment from outside sound pollution. Sound pollution can be cause of negative impacts on hearing 
ability. Long term exposure to load noise may lead to hearing loss and permanent damage to hearing system. 
Personal motivation to complete a task will be less under a noisy condition; therefore sound pollutions 
negatively affect occupants’ performance and productivity (Evans et al., 2004). 
 
5. Occupant Health and Wellbeing: 
 
 Enormous of studies identified an association between indoor environment quality (IEQ) and asthma and 
allergies (Goe, 2004; Fletcheret al., 2006; Henneberger, 2007; Moorman, 2007). Main cause of illness and 
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disorder in the united state is allergies. The main indoor allergens are mold and dust. Molds grow in warm and 
humid condition, produce liquids and gases which create allergic reaction.In 2005, 22.2 million people in U.S 
infected by asthma. Indoor environment design can increase or decrease allergens factors in buildings. Humid 
rooms, visible mold and moldodor, high temperature and indoor pollutants can promote environment for 
thriving allergens and irritants (Fletcher et al., 2006).  
 

 
 
Fig. 2: IEQ occupant wellbeing and productivity structure. 
 
 Indoor environment quality (IEQ) influences occupants’ psychological health (Spector, 2006). 
Psychological health includes such issues as anxiety, depression, stress as well as feelings of confidence, energy, 
and generally being in good spirits. Studies stated that access to natural view; improved ventilation and 
temperature condition in working environment positively influence employee’s performance and productivity 
(HMG, 2003). In addition students’ learning ability improved up to 21% in classes with the most daylight 
compared students who study in classrooms with the least daylight (HMG, 1999). Accordingly people who 
living in a good indoor environment quality not only enjoy better physical condition but also they have better 
psychological condition compared those living in poor indoor environment condition.  
 According to Fisk(2002) higher IEQ in U.S buildings resulted in 6-14 b$ annually. In addition 1-4 b$ 
gained from reduced allergies and asthma cases among the workforces. These figures represent enhanced indoor 
environment quality through controlled ventilation, and avoidance of moisture problems. Lower death ratio from 
CO poisoning and lung cancer caused by radon can be add to these economic benefits.  
 

 
 
Fig. 3: Process to health and economic gains. 
 
6. Conclusion: 
 
 Indoor environment quality interrelated with occupants’ health. Green buildings because of using green 
materials with lower impacts on occupants’ health and lower indoor pollution, have high quality of indoor 
environment compared non-green buildings. These buildings provide better IAQ and ventilation, comfort 
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thermal, standard humidity level as well as sufficient lighting and acoustics system. These facilities positively 
affect IEQ. Consequently occupants will enjoy healthier and comfortable environment. High indoor 
environment quality not only improves occupants’ health, but also ameliorates their performance, productivity 
and wellbeing. Thus it brings enormous of social andeconomic benefits in local and national level. 
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