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ABSTRACT

Indoor quality is an important and necessary concern towards indoor use, 
which sustains the health of the occupants. Indoor health is the resultant of 
exposure to all building materials, the contents of room equipment, occupant 
activities, and the ability of the space to eliminate negative effects on life. 
This paper adequately describes sources of pollutant exposure, pollutant 
movement, biological processes, health impacts, all of which can cause 
Sick Building Syndrome (SBS). Furthermore, indoor depollution measures 
to counteract SBS need to be carried out at the stages of building design 
and construction. Based on the interests and needs, here it is necessary to 
propose a certification of potential SBS at the design and construction stages. 
Thus, SBS responsibilities can be proportionately distributed to designers, 
contractors, and building users.
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Review 

Several explanations regarding indoor 
boundaries are available in some literatures, 
which in principle are the interior of the 
building. The boundaries of which are on the 
building structure, and are directly related to the 
occupants, but are not related to open spaces [1-
3]. The sanitation service room, kitchen room, 
dining room, family room, bedroom, living 
room, and the others are all functional rooms, 
all of which are included as indoor, although 
functional rooms are not explored in this study. 
Meanwhile, the part of the space that is not 

included in the definition of indoor is the terrace 
room, the space under the ceiling and roof, and 
open space with other external environments. 
People carry out activities in many indoor 
buildings, both at home and in other places such 
as schools, offices, markets and others, about 
80-90% of the time in a day compared to being 
outside the building [4-6]. Each indoor building 
has a different air quality [7-9], therefore, 
people experience various exposures to indoor 
air quality. Because of the long-time people stay 
indoors and the difference in quality exposure, 
at a certain level can cause Sick Building 
Syndrome (SBS) [10-12]. Associated with 
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human resistance and immunity, SBS can cause 
acute to chronic disease in humans [13-15]. 
Therefore, indoor quality is very important to be 
a serious concern in the design, construction and 
operation of building use.

This indoor quality assessment covers the 
sources of pollutants, their transport in the 
indoor, the live recipients of exposure, negative 
health impacts, and treatment methods, which 
are more responsibility of the occupants than 
the designers and contractors. Responsibility 
for indoor quality assessment needs to be 
distributed proportionally to building designers 
and contractors, in order to create a healthy space 
for the continuity of various life activities. So 
far, no documentation has been found regarding 
the declaration of indoor health status, and 
therefore, the objective of this assessment is to 
propose the need for measures in the form of 
potential SBS certification for a building, which 
is beneficial for occupants and the authorities in 
the event of a building accident.

Causative factors

Pollution sources

With the exception of outdoor pollutants, the 
enrichment of indoor substances occurs by 
anthropogenic emission of substances, as a 
result of human activities in the use of building 
infrastructure and space. Concentrations of 
substances that exceed the limit, or are less than 
those necessary for human health are known as 
pollutants. Here, pollutants are categorized as 
physical, chemical, microbial and particulate 
pollutants. Particulates are separated from the 
category of physical materials, because they 
contain a variety of chemical and microbial 
contaminants. 

Physical parameters

Temperature, humidity, lighting, noise are 
important parameters of physical pollutants [16-
18]. The pollution comes from lighting, kitchen 
equipment, TV and/or radio entertainment 

facilities, people's conversations, and various 
activities in functional spaces. For tropical 
areas, indoor temperature pollution can apply 
the facade outside the building [19-21], as a 
barrier against sun exposure to cool the indoor 
temperature. The use of Air Conditioner (AC) 
and fan also cools the indoor temperature, as for 
non-tropical areas using heaters. Humidity and 
noise can be controlled using building materials 
suitable for the function, and ventilation 
arrangements [22-24]. However, the use of these 
physical pollution control devices and materials 
can also emit chemical and microbiological 
pollutants, which require further understanding 
below.

Inorganic chemicals

Inorganic chemical pollutants in the indoor 
air include Carbon dioxide (CO2), Carbon 
monoxide (CO), Methane (CH4), Sulfur dioxide 
(SO2), Sulfur trioxide (SO3), Nitrogen Oxides 
(NO), Nitrogen dioxide (NO2), and Ozone (O3) 
[25-27]. CO2 gas is the result of the respiration 
process of all living things in it. Each breath 
exhaled by an adult contains 37,000-50,000 ppm 
[28], or 100-140 times higher than room air. 
This gas can be used as a room quality indicator 
gas, because it is easy to measure, to represent 
the amount of space gases that are difficult to 
measure. CO2 gas is emitted by most of the 
building infrastructure [29], including sanitation 
infrastructure, deterioration and/or degradation 
of building materials, furniture, and lighting. 
This gas emission is also from burning fossil 
fuels, especially kitchen and garage activities.

In addition to CO2, incomplete combustion 
produces CO. Even the latest research results 
show that burning coal can produce CO at local 
ambient temperatures (15oC) [30]. In the first 
combustion process, CO arises spontaneously, 
and reaches a concentration of almost 390 ppm 
within 1.5 h. After extinguishing and reburning 
the coal, CO appears after 4 h, and reaches a 
maximum concentration of 80 ppm a day later. 
The understanding from the research results 
is that the first combustion of raw materials 
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spontaneously produces CO, which can exceed 
the ambient CO2 concentration. While the re-
combustion produces a smaller concentration 
and for a longer time. Practically speaking, the 
first burning of coal should be kept away from, 
or protected from, human inhalation. Efforts to 
keep CO gas away, or other special forms of 
protection, are important, because at the same 
concentration, CO is a more toxic and lethal gas 
than CO2, which many previous studies have 
proven. Even the ratio of CO2/CO can decrease 
rapidly, but due to natural CO2 absorption by 
decorative plants and soil [31]. CO is still a 
threat to human health.

Next up is methane gas (CH4), which is 
colorless, odorless, and highly flammable. This 
methane is a major component of natural gas 
and biogas, which are commonly used in homes 
for cooking. Indoor methane also arises from 
the anaerobic decomposition of wet waste and/
or foodstuffs [32]. Methane can also arise from 
prolonged moist soil floors, for example during 
the rainy season. The effect of CH4 generates 
heat, besides being a precursor/contributor to 
the formation of ozone (O3) [33].

Sulfur oxide in the form of sulfur dioxide (SO2) 
is a colorless, odorless toxic gas [34, 35]. SO2 
gas arises from burning fossil fuels or other 
materials that contain sulfur. SO2 gas in the air 
can form Sulfur trioxide (SO3), which quickly 
picks up particulate water in the air and forms 
sulfuric acid (H2SO4). Sulfuric acid is a clear, 
colorless, and highly corrosive liquid. If there 
are building materials and/or furniture made of 
iron and rust quickly, it is necessary to watch 
out for the possibility of SOx appearing in the 
building.

Nitrogen Oxides (NOx) consist of Nitrogen 
monoxide (NO), and a smaller percentage of 
Nitrogen dioxide (NO2). The level of toxicity of 
NO2 is more toxic than NO [36]. The burning 
of fossil fuels is by far the main source through 
the use of motorized vehicles. Indoor sources of 
NOx include kerosene heaters, stoves and gas 
heaters [37].

Ozone (O3) is a colorless gas and has a 
characteristic pungent odor [38]. Ozone is 
a secondary gas, which is formed in the air 
through a chemical reaction between Nitrogen 
Oxides (NOx) and Volatile Organic Compounds 
(VOCs) in the presence of sunlight. Likewise, O3 
arises in the presence of CO and CH4. Sources 
of ozone in buildings are light bulbs containing 
mercury, and air purifiers, and electronic devices 
[39]. Printers and copiers have been found to be 
significant sources of ozone and other pollutants 
in the office environment. Even low-level ozone 
emitted by printers and copiers can react with 
other indoor pollutants, producing secondary 
pollutants and the formation of fine particulates 
[40].

Organic chemicals

Volatile Organic Compounds (VOCs) are 
commonly found in buildings, especially 
residential buildings [41, 42]. VOCs are one 
of the organic materials that are volatile and 
colorless and some have an odor (a group of 
aromatic hydrocarbons). The following are 
some types of materials that are included in 
VOCs: Formaldehyde, Benzene, Toluene, 
Ethylbenzene, Xylene (BTEX).

Formaldehyde contains almost 40% of which is 
in formalin (trade name). Formaldehyde is one 
of the most prominent carcinogenic pollutants 
in the indoor air, both in the form of gas and 
carried by particulates [43]. Formaldehyde 
is used in the manufacture of fiberboards, 
furniture coatings, varnishes, adhesives for 
wood products, curtains, oil-based paints, 
electronic devices, and disinfectants for floor 
and clothing cleaners, preservatives, household 
cleaners, dishwashing liquid, softeners, shoe 
care, shampoos, cars, candles and carpets 
[44]. In space formaldehyde can arise from the 
above products. Besides, formaldehyde is often 
found through combustion processes such as 
smoking, heating, cooking, or burning candles. 
In addition, building materials, furniture and 



H. Samudro, et al. Prevention of indoor air ...

http://japh.tums.ac.ir

84

wood furnishings contain formaldehyde resins 
such as particleboard, plywood and fibreboard. 
Moreover, formaldehyde is found in household 
products, for example air fresheners, fragrance 
products, and the like [45]. The concentration 
of formaldehyde in the room is influenced by 
several factors, namely, the age of the building, 
temperature and relative humidity, average air 
exchange, and season [46]. These factors can 
also be a reference that the level of formaldehyde 
in indoor air tends to be higher than outdoors. 
Indoor exposure to formaldehyde tends to be 
higher than outdoor exposure. This is due to 
the larger source as well as the lower rate of air 
exchange in the room [43].

Benzene occurs at room temperature as a clear, 
colorless to yellow liquid with an aromatic 
odor. This substance is lipophilic, being soluble 
mostly in organic solutions and slightly soluble 
in water [47]. Benzene can be found in fuel oils 
and products such as synthetic rubber, plastics, 
nylon, insecticides, paints, dyes, resin glues, 
furniture wax, detergents, and cosmetics.

Toluene is a colorless, highly flammable liquid 
that is soluble in organic solvents [47]. Toluene 
is an additive to petroleum and is also used 
as a tracer for evaporation of the petroleum 
[48]. Toluene appears as a component of many 
petroleum products. Toluene is used as a solvent 
for paints, coatings, rubbers, oils and resins, 
and can be found in soil, water, and air [49-51]. 
For domestic use, its concentration in indoor air 
can exceed that of outdoor air, with an average 
reported concentration of about 300 µg/day [52].

Ethylbenzene is soluble in flammable organic 
solvents. Ethylbenzene is found in petroleum 
products so that it is found in motor vehicle 
fuels. In addition, Ethylbenzene is present 
in consumer products such as paints, inks, 
plastics and pesticides [53]. Concentrations of 
ethylbenzene in outdoor air are reported to be 
as high as 2.7 µg/m3, however, in indoor air it is 
often higher due to environmental combustion 
fumes and emissions from other consumer 
products [54].

Xylene is an aromatic hydrocarbon commonly 
used in the chemical industry [55], and its 
products include printing, rubber, paint, leather, 
and pharmaceuticals. Most xylene is used as 
an additive in fuel oil mixtures [56], as well as 
perfumes, cleaning agents, paints and coatings, 
fabricated goods, and pesticides. 

Microbes

Public buildings are not sterile from invisible 
living things, known as microbes [56]. There 
are millions of microbes in the air, water, soil, 
floors, walls, ceilings and more. Because it is 
not visible to the eye, it is difficult to prove its 
existence to the public, and its existence is often 
neglected, so that the protection of health effects 
also receives less attention.

But generally, and as evidence of the presence of 
microbes in the building space is easy to show. 
For example, when you leave food in a food 
container to go stale, and wet garbage becomes 
smelly, and the presence of mold in a dark and 
hot place, or moss in a light and cold place [57].

Particulates

Particulate matter is a small solid and liquid 
substance that is dispersed in the air. The 
classification is fine particulate: PM2.5 (diameter 
size up to 2.5 µm) and coarse particulate: PM10 
(diameter size more than 2.5 µm to 10 µm).

Fine particulates generally come from burning 
fossil fuels, so they have a high potential for 
kitchen activities [58]. Fine particulates are also 
produced from cigarettes, building materials, 
insect repellent, and other household products 
[59, 60]. Particulates become pollutants, 
when the concentration of PM2.5 in the room 
is more than 12 µg/m3 [61]. Meanwhile, 
coarse particulates generally come from the 
deterioration of building materials, dust from 
occupant activities, and combustion residues, 
generally kitchen activities.

Therefore, the particulate content includes 
inorganic and organic substances. The content 
of inorganic substances includes, among others, 
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ammonium sulfate, ammonium nitrate, sodium 
chloride, potassium chloride, silicon, aluminum, 
calcium, iron, manganese, asbestos fiber, 
including bacteria and fungi. 

Pollutant transport

In small portions and intermittent exposure, 
the transport of pollutants can be through 
the medium of water, which is present in 
kitchens, sanitation services, floor cleaning, 
and aquariums if any. Pollutants that transport 
through water are of course water-soluble and/
or in liquid form, for example a disinfectant 
solution. Likewise, intermittently and/or 
periodically, for contaminants that easily settle, 
such as particulates, their transport is through 
cleaning of ceilings, walls and floors. Although 
the portion is small and intermittent, the transport 
media for pollutants can also pass through solid 
physical objects and ornamental plants if any, 
manually during cleaning.

Indoor air is dynamically interacting with 
outdoor air, so that most and continuously 
is the transport of pollutants, which are 
volatile, through indoor air. In environmental 
equilibrium, the composition of indoor air is the 
same as ambient air of outside the building. The 
composition of the air [62] is mostly Nitrogen 
gas (N2,~78 % v/v=780,818 ppm), oxygen gas 
(O2, ~21% v/v=209,435 ppm), and other gases 
below 1 % v/v (10,000 ppm) including CO2. 

However, volatile gases fill the room, so the 
exposure concentration undergoes a process of 
air dilution, resulting in indoor concentrations. 
It is the concentration of room substances that 
needs to be considered in relation to indoor air 
quality that is still acceptable to the health of the 
occupants.

Biological process

For completeness, visible biological life includes 
humans, fish in aquariums, pets, and decorative 
plants. All of them undergo the process of 

respiration as expressed in Eq. 1 [63].

In Eq. 1, on the reactant side, nME is the many 
types (n) of Materials and Energy (ME) that are 
used for biological life. For example, various 
kinds of drinking water, food, energy sources, 
and other consumption materials. On the product 
side, equilibrium yields nME in various forms 
of reactant NME transformation, such as indoor 
pollutants that have been reviewed above. Thus, 
all that life produces indoor pollutants.

However, only decorative plants, which are 
capable of processing pollutants as described in 
Eq. 2. 

The process takes place in a limited time on sunny 
days and/or sufficient light is available, as well 
as the involvement of microbes and water or soil 
media for plant growth [64-66], which support 
the depollution process by decorative plants. 
Because of these limitations, and considering 
the many types of pollutants, the application of 
biodiversity for decorative plants is important 
and necessary.

Health impacts

Space contaminants can cause Sick Building 
Syndrome (SBS). The term is used to describe a 
building condition, in which occupants express 
discomfort living in a space. So, SBS is not an 
expression of a sick building, but rather the 
condition of the space environment as a set of 
factors that in various ways can have an acute 
influence on the physical and psychological 
health of the occupants [67-71]. Usually, SBS is 
preceded by pre-SBS, which is the appearance 
of allergy symptoms and/or unpleasant odors 
due to humidity, fragrance, deodorant, or musty. 
Pre-SBS is sensitive for young residents around 
20-29 years old regardless of gender [72]. 

+ nME 6O12H6+ C 2→ 6O 2O + 6CO2+ 6H nME 

nMEO + 2+ 6H 2→ 6CO 2+ 6O 6O12H6nME + C 



H. Samudro, et al. Prevention of indoor air ...

http://japh.tums.ac.ir

86

However, SBS actually showed a significant 
effect on gender [69], namely that women 
experienced more fatigue and/or headaches than 
men when they were in the room at the same 
time.

Temperature, humidity, lighting, noise are 
physical parameters, which significantly cause 
SBS. In summary, the occurrences of SBS were 
found  as follows:

• Temperatures exceeding 24oC give symptoms 
of headache, skin redness, itchy eyes and 
sneezing.

• A 10% increase in relative humidity from 40-
50% causes coughing.

• Light intensity exceeding 600 lux gives 
symptoms such as dry skin, eye pain and fatigue.

• Exposure to noise levels in excess of 45 dBA 
produces symptoms such as headaches and 
dizziness [72].

Of course, the above phenomena also 
depend on the residence time in space, and 
other air parameters, which interact with 
each other.

For inorganic chemicals, carbon dioxide 
concentrations exceeding healthy limits are 
potentially hazardous to human health. A US 
National Medicine study showed that short-term 
effects of exposure to CO2 pollutants include 
suffocation, inability and unconsciousness, 
headaches, vertigo and double vision, 
inability to concentrate, and seizures. The 
documented health effects of inhaling CO2 
pollutant in various concentrations are as 
follows: exposure to 1200-1400 ppm for 2.5-
8 h causes cognitive decline and fatigue [73-
75]; exposure to 2000 ppm for 3-4 h causes 
lung problems, increased CO2 levels in the 
blood, drowsiness and dizziness [76, 77], 
and the higher the CO2 concentration, the 
higher the health effects on human life. The 
effect of CH4 generates heat, besides being 
a precursor/contributor to the formation of 
ozone (O3). At high concentrations (more 

than 1000 ppm) methane can cause mood 
swings, slurred speech, vision problems, 
memory loss, nausea, vomiting, flushing and 
headaches[78]. The health effects of SOx can 
occur in the short and long term [79, 80]. 
Short-term exposure to SOx can contribute to 
respiratory illness by making breathing more 
difficult, especially for children, the elderly, 
and those with conditions prone to illness. 
Prolonged exposure can also worsen heart 
and lung conditions. The health effects and 
toxicity of NO2 are chronic bronchitis, lung 
disease, and chest pain. Nitorgen dioxide 
(NO2) acts as an irritant to the mucosa of the 
eyes, nose, throat, and respiratory tract [80]. 
The health effects of inhaled ozone stimulate 
the sensory systems in the nose and lungs 
and lead to activation of the nervous system. 
It was also found that the side effect was an 
increase in the levels of fatty acids, glycerol, 
and glucose  [81]. Furthermore, the long-term 
effect is the incidence of asthma [82]. Short-
term negative health effects, namely eye 
irritation, allergies and respiratory disorders 
and then the lungs, while in the long term can 
cause cancer, leukemia in children, premature 
birth and Alzheimer's disease [46].

For organic chemicals, benzene is a carcinogenic 
toxin with a high risk for human health. This 
substance can be exposed by mouth and 
inhalation, causing toxic effects on these organs 
[48]. General health effects of toluene  include 
growth retardation, morbidity, mortality, liver 
and kidney damage and other effects. Effects 
of activity and sleep inhibition, performance 
and learning, physiology and central nervous 
system effects [50]. The health effects of 
ethylbenzene are primarily on the skin, lungs 
and gastrointestinal tract [47]. Exposure to 
xylene in air can have health effects through 
inhalation, eye contact or skin, and xylene vapor 
is absorbed rapidly through the lungs [54]. Short-
term exposure causes acute effects including: 
inhalation of xylene is associated with shortness 
of breath and irritation of the nose and throat; 
gastrointestinal effects (eg nausea, vomiting, 
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and gastric discomfort); mild eye irritation; 
and neurological effects (eg impaired short-
term memory, decreased numerical ability, and 
changes in body balance), auditory memory, 
visual abstraction, and threshold vibrations 
in the toes. Long-term exposure to xylene 
can result in dizziness, fatigue, tremors, poor 
coordination, anxiety, inability to concentrate, 
sleep disturbances, headaches, irritability, 
depression, agitation, extreme fatigue, and 
impaired short-term memory. Other effects of 
chronic exposure include respiratory distress, 
impaired pulmonary function, increased heart 
palpitations, severe chest pain, possible renal 
effects, asthma-related symptoms, and muscle 
strength [56].

Not all microbes are contaminants that have the 
potential to cause disease, except for pathogenic 
microbes. Pathogens are microorganisms that 
have the potential to cause disease. It is important 
to remember that infection is the invasion 
and multiplication of pathogenic microbes in 
individuals or populations. To cause infection, 
microbes must enter our body. Microbes can 
enter the body through the following four portals 
[57]:

• Respiratory tract (mouth and nose) eg influenza 
virus that causes flu.

• Digestive tract (oral cavity) eg Vibrio cholerae 
which causes cholera.

• Urogenital tract (urinary and reproductive) 
eg Escherichia coli which causes cystitis 
(inflammation of the bladder).

• Skin surface wounds eg Clostridium tetani 
which causes tetanus.

To make people sick, microbes must: reach their 
target in the body; infect the target; multiply 
rapidly; obtain nutrients from the host; and 
survive attacks by the host immune system. The 
critical point of disease prevention from our body 
side is strengthening and maintaining our immune 
system. In relation to the volume of space, one of 
the guardians of our immune system is to stay in 
a comfortable and healthy space.

The particulate content makes it a pollutant that 
is harmful to human life [83, 84]. Particulates 
will enter the human body through direct 
exposure, which can cause allergies and eye 
irritation. Similarly, the transport can be through 
inhalation or breathing, which has an effect on 
the respiratory system, including various lung 
diseases.

Measures of pollution

Prevention of pollution is effective at the 
source, while also pointing to the need and 
importance of depollution at the design and 
construction stages. When the building is used, 
the occupants take full control of pollution 
prevention efforts. Therefore, a building 
needs to be the responsibility of the designer, 
contractor and occupants proportionally. In 
case of damage to the building during the 
maintenance period, according to the legality 
of the contract, the contractor and designer if 
necessary, are responsible within the limits 
of construction. After the maintenance period 
ends, all conditions and damage to the building 
are the responsibility of the occupants. Based 
on observations and experiences so far, there 
has been no certification of healthy buildings, 
and therefore the condition of the buildings 
is the full responsibility of the occupants. 
Based on the study of the facts above, it is 
evident that the SBS incident originates from 
the design stage to its use. Therefore, SBS 
prevention efforts can be carried out in these 
stages. Thus, first, the authors propose the 
importance and need for healthy building 
certification.

Second, for healthy building certification, the 
authors propose parameters of indoor depollution 
as prevention and treatment measures, which 
are presented in summary Table 1 and Table 2. 
The parameter list is a pointer based on SBS 
potential, and needs to be adjusted more or 
less according to the type of building and local 
conditions and regulations.
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Table 1. List of potential SBS pointers at design stage

Table 2. List of potential SBS pointers at construction stage

Prevention 
Responsibility  

                                                    Parameters Treatment Product 

 Physical Chemical Microbes Particulates   

Designer 1. Indoor layout 

2. Building façade 

3. Lighting 

arrangement 

1. Indoor volume 

2. Ventilation 

arrangement 

3. Selection of 

paint and 

finishing 

Special spaces: 

1. Kitchen 

2. Sanitation 

services 

3. Decorative 

plants 

Materials on: 

1. Ceiling 

2. Wall 

3. Windows 

and doors 

4. Floor 

Design 

adjustments, 

when the 

design stage 

involves 

potential users 

SBS potential 

certificate for 

building design 

 
Prevention 

responsibility 
Treatment Product 

Contractor 1. Provision of standard operating procedures for building use 

2. Information on the effective start time of building use after construction 
is completed 

3. Building safety training 

SBS potential 
certificate for 
constructed 

building 

 
With SBS potential certification in design and 
construction, both provide benefits for building 
users, to know the initial status of indoor quality. 
After the handover of the building from the 
contractor to the user, the user is responsible for 
the potential SBS from the completeness of the 
building contents, such as furniture selection, 
kitchen equipment, infrastructure replacement, 
room renovation and others, including 
maintenance. The two certifications are also 
useful for forensic and legal officers in the event 
of a building accident problem in the future, in 
order to assess the cause of the problem, whether 
it is related to design, construction and/or usage 

factors.

Conclusion

Sick Building Syndrome (SBS) is caused 
by physical, chemical, microbiological, and 
particulate factors, which are exposed indoors 
at levels exceeding the health acceptance limits 
of the occupants. Depollution methods for these 
factors can be implemented from the design stage 
followed by construction to the building use 
stage. All of them involve designers, contractors 
and users proportionally. It is suggested the need 
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for potential SBS certification for buildings, 
which is beneficial for all parties related to 
buildings and their problems.

Financial supports

This work was entirely self-financed by the 
authors.

Competing interests

The authors declare no potential conflict of 
interest affecting this work.

Authors' contributions

HS: conception, design, acquisition of data, 
analysis and interpretation of data, drafting 
the manuscript, and revising it, focusing on 
building design and construction; GS: as did HS' 
contribution, focusing on factors of sick building 
syndrome; SM: as well as the contributions of 
HS and GS with the addition of measures and 
correspondence.

Acknowledgements

The authors would like to thank Universitas 
Islam Negeri Maulana Malik Ibrahim, Malang; 
Universitas Diponegoro, Semarang; Institut 
Teknologi Sepuluh Nopember, Surabaya, by 
providing facilities to carry out this work.

Ethical considerations

Ethical issues (including plagiarism, informed 
consent, misconduct, data fabrication and/
or falsification, double publication and/
or submission, redundancy, etc.) have been 
completely observed by the authors.

References

1. Kumar G, Raheja G. Design Determinants 
of Building Envelope for Sustainable Built 
Environment: A Review. International Journal 
of Built Environment and Sustainability. 

2016;3(2). 

2.  Tang L, Li L, Ying S, Lei Y. A full level-
of-detail specification for 3D building models 
combining indoor and outdoor scenes. ISPRS 
International Journal of Geo-Information. 2018 
Nov;7(11):419.

3.  Yan J, Diakité AA, Zlatanova S. A generic 
space definition framework to support seamless 
indoor/outdoor navigation systems. Transactions 
in GIS. 2019 Dec;23(6):1273-95.

4. Samudro H. Landscape intervention 
design strategy with application of Islamic 
ornamentation at Trunojoyo Park Malang, 
Jawa Timur, Indonesia. Journal of Islamic 
Architecture. 2020;6(1):41–7.

5.  Brasche S, Bischof W. Daily time spent 
indoors in German homes - Baseline data for 
the assessment of indoor exposure of German 
occupants. International Journal of Hygiene and 
Environmental Health. 2005 Jul 20;208(4):247-
53.

6.  Kapalo P, Domniţa F, Bacoţiu C, Spodyniuk 
N. The Impact of Carbon Dioxide Concentration 
on the Human Health - Case Study. Journal 
of Applied Engineering Sciences. 2018 May 
1;8(1):61-6.

7.  Basińska M, Michałkiewicz M, Ratajczak 
K. Impact of physical and microbiological 
parameters on proper indoor air quality in 
nursery. Environment International. 2019 Nov 
1;132:105098.

8.  Mckenna K, Hutchinson A, Butler M. An 
evaluation of the environmental factors that 
impact on operating room air quality and the 
risk for development of surgical site infections. 
Infection, Disease & Health. 2019 Nov 1;24:S7.

9.  Mutlu M. Numerical investigation of indoor 
air quality in a floor heated room with different 
air change rates. InBuilding Simulation 2020 
Oct (Vol. 13, No. 5, pp. 1063-1075). Tsinghua 
University Press.

10.  Nduka DO, Ogunbayo B, Ajao A, Ogundipe 



H. Samudro, et al. Prevention of indoor air ...

http://japh.tums.ac.ir

90

K, Babalola B. Survey datasets on sick building 
syndrome: Causes and effects on selected public 
buildings in Lagos, Nigeria. Data in Brief. 
2018;20:1340-6.

11. Reuben U, Ismail AF, Ahmad AL, Maina 
HM, Daud A. Indoor air quality and sick building 
syndrome among nigerian laboratory university 
workers. Journal of Physical Science. 2019 Jan 
1;30(1).

12. Almutairi A, Alsanad A, Alhelailah 
H. Evaluation of the indoor air quality in 
governmental oversight supermarkets (Co-Ops) 
in Kuwait. Applied Sciences (Switzerland). 
2019 Jan;9(22):4950.

13. Vafaeenasab MR, Morowatisharifabad MA, 
Ghaneian MT, Hajhosseini M, Ehrampoush 
MH. Assessment of sick building syndrome 
and its associating factors among nurses in 
the educational hospitals of Shahid Sadoughi 
University of Medical Sciences, Yazd, 
Iran. Global journal of health science. 2015 
Mar;7(2):247. 

14. Saeki Y, Kadonosono K, Uchio E. 
Clinical and allergological analysis of ocular 
manifestations of sick building syndrome. 
Clinical Ophthalmology (Auckland, NZ). 
2017;11:517.

15. Babaoglu UT, Milletli Sezgin F, Yag F. Sick 
building symptoms among hospital workers 
associated with indoor air quality and personal 
factors. Indoor and Built Environment. 2020 
Jun;29(5):645-55.

16. Norbäck D, Nordström K. Sick building 
syndrome in relation to air exchange rate, CO2, 
room temperature and relative air humidity 
in university computer classrooms: An 
experimental study. International Archives of 
Occupational and Environmental Health. 2008 
Oct;82(1):21-30.

17. Schiavon S, Yang B, Donner Y, Chang VWC, 
Nazaroff WW. Thermal comfort, perceived 
air quality, and cognitive performance when 
personally controlled air movement is used by 
tropically acclimatized persons. Indoor Air. 

2017 May;27(3):690-702.

18. Hanifah S, Rahman ZF, Tualeka AR. The 
relationships of temperature and humidity in 
air-conditioned room to the occurrences of sick 
building syndrome. Indian Journal of Forensic 
Medicine and Toxicology. 2020 Oct 1;14(4).

19. Attoue N, Shahrour I, Younes R. Smart 
building: Use of the artificial neural network 
approach for indoor temperature forecasting. 
Energies. 2018 Feb;11(2):395.

20. Lesjak V, Pajek L, Košir M. Indirect green 
façade as an overheating prevention measure. 
Gradjevinar. 2020 Aug 10;72(07.):569-83.

21. Tong S, Wen J, Wong NH, Tan E. Impact 
of façade design on indoor air temperatures 
and cooling loads in residential buildings in the 
tropical climate. Energy and Buildings. 2021 Jul 
15;243:110972. 

22. Hwang T, Kim JT. Assessment of 
indoor environmental quality in open-plan 
offices. Indoor and Built Environment. 2013 
Feb;22(1):139-56.

23. Krawczyk DA, Gładyszewska-Fiedoruk 
K, Rodero A. The analysis of microclimate 
parameters in the classrooms located in different 
climate zones. Applied Thermal Engineering. 
2017 Feb 25;113:1088-96.

24. Tang H, Ding J, Li C, Li J. A field study on 
indoor environment quality of Chinese inpatient 
buildings in a hot and humid region. Building 
and Environment. 2019 Mar 15;151:156-67.

25. Stranger M, Potgieter-Vermaak SS, van 
Grieken R. Particulate matter and gaseous 
pollutants in residences in Antwerp, Belgium. 
Science of the Total Environment. 2009 Jan 
15;407(3):1182-92.

26. Bonaduce I, Odlyha M, Di Girolamo F, Lopez-
Aparicio S, Grøntoft T, Colombini MP. The 
role of organic and inorganic indoor pollutants 
in museum environments in the degradation of 
dammar varnish. Analyst. 2013;138(2):487-500.

27. Chung PR, Tzeng CT, Liu KS. Study 
on improving the indoor environmental 



http://japh.tums.ac.ir

Journal of Air Pollution and Health (Winter 2022); 7(1): 81-94 91

quality of old detached housing. Journal of 
Environmental Protection and Ecology (JEPE). 
2014;15(3A):1393-403.

28. WSU (Washington State University). 
Measuring carbon dioxide inside buildings-why 
is it important?. (WSUEP13-006). 2012. https://
www.energy.wsu.edu/Portals/0/Documents/
Measuring_CO2_Inside_Buildings-Jan2013.pdf

29. Shen G, Ainiwaer S, Zhu Y, Zheng S, Hou W, 
Shen H, et al. Quantifying source contributions 
for indoor CO2 and gas pollutants based on the 
highly resolved sensor data. Environmental 
Pollution. 2020 Dec 1;267:115493.

30. Liu S, Wu Y, Zhou C, Wu J, Zhang Y. Study 
on the CO formation mechanism during coal 
ambient temperature oxidation. Energies. 2020 
Jan;13(10):2587.

31. Wang Y, Munger JW, Xu S, McElroy 
MB, Hao J, Nielsen CP, et al. CO2 and its 
correlation with CO at a rural site near Beijing: 
Implications for combustion efficiency in China. 
Atmospheric Chemistry and Physics. 2010 Sep 
21;10(18):8881-97.

32. Ulens T, Millet S, Van Ransbeeck N, Van 
Weyenberg S, Van Langenhove H, Demeyer P. 
The effect of different pen cleaning techniques 
and housing systems on indoor concentrations 
of particulate matter, ammonia and greenhouse 
gases (CO2, CH4, N2O). Livestock Science. 
2014 Jan 1;159:123-32.

33. Rieder HE, Fiore AM, Clifton OE, Correa 
G, Horowitz LW, Naik V. Combining model 
projections with site-level observations 
to estimate changes in distributions and 
seasonality of ozone in surface air over the 
U.S.A. Atmospheric Environment. 2018 Nov 
1;193:302-15.

34. Wang J, Lou HH, Yang F, Cheng F. 
Development and performance evaluation 
of a clean-burning stove. Journal of Cleaner 
Production. 2016 Oct 15;134:447-55.

35. Çoşgun A. Determination of Indoor air 
Quality in Collective Living Spaces Utilizing 

Fuzzy logic Analysis. Revista de la Construccion. 
2020 Dec;19(3):288-300.

36. Schwartz-Narbonne H, Jones SH, Donaldson 
DJ. Indoor Lighting Releases Gas Phase 
Nitrogen Oxides from Indoor Painted Surfaces. 
Environmental Science and Technology Letters. 
2019 Jan 15;6(2):92-7.

37. Tran VV, Park D, Lee YC. Indoor air pollution, 
related human diseases, and recent trends in the 
control and improvement of indoor air quality. 
International journal of environmental research 
and public health. 2020 Jan;17(8):2927.

38. Bandehali S, Miri T, Onyeaka H, Kumar P. 
Current state of indoor air phytoremediation 
using potted plants and green walls. Atmosphere. 
2021 Apr;12(4):473.

39. Huang Y, Yang Z, Gao Z. Contributions 
of indoor and outdoor sources to ozone in 
residential buildings in nanjing. International 
Journal of Environmental Research and Public 
Health. 2019 Jan;16(14):2587.

40. Salonen H, Salthammer T, Morawska 
L. Human exposure to ozone in school and 
office indoor environments. Environment 
International. 2018 Oct 1;119:503-14.

41. Qi Y, Shen L, Zhang J, Yao J, Lu R, Miyakoshi 
T. Species and release characteristics of VOCs 
in furniture coating process. Environmental 
Pollution. 2019 Feb 1;245:810-9.

42. Yang S, Perret V, Hager Jörin C, Niculita-
Hirzel H, Goyette Pernot J, Licina D. Volatile 
organic compounds in 169 energy-efficient 
dwellings in Switzerland. Indoor Air. 2020 
May;30(3):481-91.

43. Salthammer T, Mentese S, Marutzky R. 
Formaldehyde in the indoor environment. 
Chemical Reviews. 2010 Apr 14;110(4):2536-
72.

44. Teiri H, Pourzamzni H, Hajizadeh Y. 
Phytoremediation of formaldehyde from indoor 
environment by ornamental plants: An approach 
to promote occupants health. International 
Journal of Preventive Medicine. 2018;9(1). 



H. Samudro, et al. Prevention of indoor air ...

http://japh.tums.ac.ir

92

45. Kim KH, Jahan SA, Lee JT. Exposure to 
formaldehyde and its potential human health 
Hazards. Journal of Environmental Science and 
Health - Part C Environmental Carcinogenesis 
and Ecotoxicology Reviews. 2011 Oct 
1;29(4):277-99.

46. World Health Organization. WHO guidelines 
for indoor air quality: selected pollutants. 
World Health Organization. Regional Office for 
Europe; 2010.

47. Kuranchie FA, Angnunavuri PN, Attiogbe 
F, Nerquaye-Tetteh EN. Occupational 
exposure of benzene, toluene, ethylbenzene 
and xylene (BTEX) to pump attendants in 
Ghana: Implications for policy guidance. Vol. 
5, Cogent Environmental Science. 2019 Jan 
1;5(1):1603418.

48. Sekar A, Varghese GK, Ravi Varma MK. 
Analysis of benzene air quality standards, 
monitoring methods and concentrations in indoor 
and outdoor environment. Vol. 5, Heliyon. 2019 
Nov 1;5(11):e02918. 

49. Stockwell CE, Christian TJ, Goetz JD, 
Jayarathne T, Bhave P v., Praveen PS, et al. 
Nepal Ambient Monitoring and Source Testing 
Experiment (NAMaSTE): Emissions of trace 
gases and light-absorbing carbon from wood 
and dung cooking fires, garbage and crop 
residue burning, brick kilns, and other sources. 
Atmospheric Chemistry and Physics. 2016 Sep 
7;16(17):11043-81.

50. Neubert D, Bochert G, Gericke C, Hanke B, 
Beckmann G. Multicenter field trial on possible 
health effects of toluene: I. Toluene body 
burdens in workers of the rotogravure industry. 
Toxicology. 2001 Nov 15;168(2):139-57.

51. Mitra S, Roy P. BTEX : A Serious Ground-
water Contaminant. Research Journal of 
Environmental Sciences. 2011 May 1;5(5):394.

52. Gholami M, Nassehinia HR, Jonidi-Jafari A, 
Nasseri S, Esrafili A. Comparison of Benzene & 
Toluene removal from synthetic polluted air with 
use of Nano photocatalytic TiO2/ ZNO process. 

Journal of Environmental Health Science and 
Engineering. 2014 Dec;12(1):1-8.

53. Kawai T, Sakurai H, Ikeda M. Biological 
monitoring of occupational ethylbenzene 
exposure by means of urinalysis for un-
metabolized ethylbenzene. Industrial Health. 
2018 Dec 8.

54. Capella KM, Roland K, Geldner N, deCastro 
BR, De Jesús VR, van Bemmel D, Blount BC. 
Ethylbenzene and styrene exposure in the 
United States based on urinary mandelic acid 
and phenylglyoxylic acid: NHANES 2005–2006 
and 2011–2012. Environmental research. 2019 
Apr 1;171:101-10.

55. De Jesús VR, Milan DF, Yoo YM, Zhang 
L, Zhu W, Bhandari D, Murnane KS, Blount 
BC. Examination of xylene exposure in the US 
Population through biomonitoring: NHANES 
2005–2006, 2011–2016. Biomarkers. 2021 Jan 
2;26(1):65-73.

56. Mohammadyan M, Baharfar Y. Control 
of workers’ exposure to xylene in a pesticide 
production factory. International Journal of 
Occupational and Environmental Health. 2015 
Mar 27;21(2):121-6.

57. 	 Microbiology Society. Microbes and 
disease. 2021 [cited 2021 Sep 8]; Available 
from: https://microbiologysociety.org/

58. World Health Organization. Health aspects 
of air pollution with particulate matter, ozone 
and nitrogen dioxide: report on a WHO working 
group, Bonn, Germany 13-15 January 2003. 
Copenhagen: WHO Regional Office for Europe; 
2003.

59. Pettit T, Irga PJ, Abdo P, Torpy FR. Do the 
plants in functional green walls contribute to 
their ability to filter particulate matter? Building 
and Environment. 2017 Nov 15;125:299-307.

60. Abas MR, Rahman NA, Omar NY, Maah 
MJ, Samah AA, Oros DR, Otto A, Simoneit 
BR. Organic composition of aerosol particulate 
matter during a haze episode in Kuala Lumpur, 
Malaysia. Atmospheric Environment. 2004 Aug 



http://japh.tums.ac.ir

Journal of Air Pollution and Health (Winter 2022); 7(1): 81-94 93

1;38(25):4223-41. 

61. Giannadaki D, Lelieveld J, Pozzer A. 
Implementing the US air quality standard 
for PM2.5 worldwide can prevent millions of 
premature deaths per year. Environmental 
Health: A Global Access Science Source. 2016 
Dec;15(1):1-1.

62. Gatley DP, Herrmann S, Kretzschmar HJ. 
A Twenty-First century molar mass for dry air. 
HVAC and R Research. 2008 Sep 1;14(5):655-
62.

63. Samudro G, Mangkoedihardjo S. Water 
equivalent method for city phytostructure 
of Indonesia. International Journal of 
Environmental Science and Technology. 2006 
Jun;3(3):261-7.

64. Mangkoedihardjo S. Leaf area for 
phytopumping of wastewater. Applied Ecology 
and Environmental Research. 2007;5(1):37-42.

65. Mangkoedihardjo S, Samudro G. Research 
strategy on kenaf for phytoremediation of organic 
matter and metals polluted soil. Advances in 
Environmental Biology. 2014;8(17):64-7.

66. Samudro H, Mangkoedihardjo S. Indoor 
phytoremediation using decorative plants: An 
overview of application principles. Journal of 
Phytology. 2021 Mar 18;13(6):28-32.

67. Ghaffarianhoseini A, AlWaer H, Omrany 
H, Ghaffarianhoseini A, Alalouch C, Clements-
Croome D, et al. Sick building syndrome: are 
we doing enough? Vol. 61, Architectural Science 
Review. 2018 May 4;61(3):99-121.

68. Jafari MJ, Khajevandi AA, Najarkola 
SAM, Yekaninejad MS, Pourhoseingholi MA, 
Omidi L, et al. Association of sick building 
syndrome with indoor air parameters. Tanaffos. 
2015;14(1):55.

69. Lu CY, Tsai MC, Muo CH, Kuo YH, 
Sung FC, Wu CC. Personal, psychosocial and 
environmental factors related to sick building 
syndrome in official employees of Taiwan. 
International Journal of Environmental Research 
and Public Health. 2018 Jan;15(1):7.

70. Thach TQ, Mahirah D, Dunleavy G, Nazeha 
N, Zhang Y, Tan CEH, et al. Prevalence of sick 
building syndrome and its association with 
perceived indoor environmental quality in an 
Asian multi-ethnic working population. Building 
and Environment. 2019 Dec 1;166:106420.

71. Fard RF, Hosseini MR, Faraji M, Oskouei 
AO. Building characteristics and sick building 
syndrome among primary school students. 
Sri Lanka. Journal of Child Health. 2018 Dec 
5;47:332.

72. Nakayama Y, Nakaoka H, Suzuki N, Tsumura 
K, Hanazato M, Todaka E, et al. Prevalence 
and risk factors of pre-sick building syndrome: 
Characteristics of indoor environmental and 
individual factors. Environmental Health and 
Preventive Medicine. 2019 Dec;24(1):1-0.

73. Scully RR, Basner M, Nasrini J, Lam C 
wing, Hermosillo E, Gur RC, et al. Effects of 
acute exposures to carbon dioxide on decision 
making and cognition in astronaut-like subjects. 
Npj Microgravity. 2019 Jun 19;5(1):1-5.

74. Allen JG, MacNaughton P, Satish U, Santanam 
S, Vallarino J, Spengler JD. Associations of 
cognitive function scores with carbon dioxide, 
ventilation, and volatile organic compound 
exposures in office workers: A controlled 
exposure study of green and conventional 
office environments. Environmental Health 
Perspectives. 2016 Jun;124(6):805-12.

75. Kajtár L, Herczeg L. Influence of carbon-
dioxide concentration on human well-being and 
intensity of mental work. QJ Hung. Meteorol. 
Serv. 2012 Apr 1;116(2):145-69.

76. Shriram S, Ramamurthy K, Ramakrishnan 
S. Effect of occupant-induced indoor CO2 
concentration and bioeffluents on human 
physiology using a spirometric test. Building 
and Environment. 2019 Feb 1;149:58-67.

77. Bamrungwong N, Vongmanee V, 
Rattanawong W. The development of a CO2 
emission coefficient for medium- and heavy-
duty vehicles with different road slope 



H. Samudro, et al. Prevention of indoor air ...

http://japh.tums.ac.ir

94

conditions using multiple linear regression, and 
considering the health effects. Sustainability 
(Switzerland). 2020 Jan;12(17):6994.

78. PHE: Public Health England. Methane, 
general information. Compendium of chemical 
hazards: methane. 2019.

79. Gawande P, Kaware J. Health and 
Environmental Effects of Sulphur Oxides-A 
Review. International Journal of Science and 
Research (IJSR). 2017;6(6). 

80. Amoatey P, Omidvarborna H, Baawain 
MS, Al-Mamun A. Emissions and exposure 
assessments of SOx, NOx, PM10/2.5 and trace 
metals from oil industries: A review study 
(2000–2018). Vol. 123, Process Safety and 
Environmental Protection. 2019 Mar 1;123:215-
28.

81. Shore SA. The Metabolic Response to Ozone. 
Vol. 10, Frontiers in Immunology. 2019:2890.

82. World Health Organization. Health aspects 
of air pollution with particulate matter, ozone 
and nitrogen dioxide: report on a WHO working 
group, Bonn, Germany 13-15 January 2003. 
Copenhagen: WHO Regional Office for Europe; 
2003.

83. Nezis I, Biskos G, Eleftheriadis K, Kalantzi 
OI. Particulate matter and health effects in offices 
- A review. Vol. 156, Building and Environment. 
2019 Jun 1;156:62-73.

84. Bae S, Hong YC. Health effects of particulate 
matter. Journal of the Korean Medical 
Association. 2018 Dec 1;61(12):749-55.

 


