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INTRODUCTION

Indoor air quality (IAQ) depicts the air quality prevailing
within and throughout the buildings and constructions, parti-
cularly relating the health and comfort of building dwellers.
Revelation to indoor air pollutants (IAPs) has emerged as one
of the main sources of health hazards in developing countries.
According to a report released on 30th June 2021 by the Govern-
ment of India Ministry of New and Renewable Energy, around
32% of the entire primary energy usage in the country is still
derived from biomass and above 70% of the country’s popul-
ation still relies over it for its energy requirements [1]. Owing
to the alarming health bearings accompanying IAPs exposure,
the World Health Organization (WHO) assigned this as one
among the four utmost serious global ecological problems in
developing countries. The main indoor pollutants recognized
are SOx, NOx, VOCs, CO2, CO, etc. Long-term subjection to
these pollutants (IAPs) can instigate serious health consequences.
Along with physical health problems such as cardiovascular
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diseases, asthma, Endothelial dysfunction, allergies, respiratory
problems. etc. Indoor air pollutants (IAPs) also harm cognitive
abilities, which may lead to sinking of human assets, condensed
earnings, and declined social well-being. Although sufficient
assessment of theses pollutants has been done so far, yet, the
section of regulating and modelling of pollutant has not much
travelled [2,3]. The blooming of novel technology becomes
the utmost promising frontiers for the improvement of air quality.
Catalytic converters to zero or low emitting user products, there
are number of methods for the prevention of indoor air pollu-
tion. In the same row air pollution models portray their ability
to evaluate the comparative importance of significant procedures.
Air pollution models quantify the inevitable association linking
emissions and concentrations, together with the results in regard
to past and future circumstances and therefore the fortitude of
the efficacy of reduction strategies [4,5].

This review article thus emphasises on the main indoor
pollutants, their chemistry, health consequences along with

https://orcid.org/0000-0003-0181-9205
https://orcid.org/0000-0003-3987-3987
http://orcid.org/0000-0003-1703-930X
https://orcid.org/0000-0002-9735-1442
https://orcid.org/0000-0002-0467-4315
https://orcid.org/0000-0001-5888-0715


technical interventions which will help the researchers in the
field for modulation of IAQ. According to report released by
Ministry of Statistics and Programme Implementation UN, on
23rd August 2021, approximately 65% of India’s population
resides in rural areas till the year 2020. Hence, this work disc-
usses the principal pollutants prevailing in urban as well as
rural environment separately. The scope of the article remains
confined to Indian context while still extending the discu-
ssions accomplished around the globe with the intent of
assessing the Indian IAQ matters in context of a comprehensive
research.

Charaterstics of houses in rural and urban enviorn-
ments: The indoor sub-structure of rural and urban environ-
ment in India varies to a great extent. The differences in the
cooking fuels, ventilation, the area inside the house governs
the overall quality of indoor air. Although the pollutants remain
somewhat same yet the sources from which they originate
varies and it highly governs the percentage and chemistry of
pollutants and human well-being living in that environment
[6]. The characteristics of typical rural and urban Indian houses
have been depicted in Table-1.

Inhabitants: According to a report released in August 2021
by Ministry of Statistics and Programme implementation UN
around 65% of India’s population lives in rural area and 53 and
35% in urban areas. Therefore, the economic status and lifestyle
both govern the quality of indoor air discretely in each area.

1. Air quality in rural areas has always been ignored so
far. It is a general belief that rural areas are devoid of air pollu-
tants. The situation is quite the reverse; the quality of air in rural
areas all around the world and predominantly in developing
countries encompass some very deadly pollutants viz. CO, SO2,
NO2, O3, etc. in more quantity as compared to their urban
counterpart. Rural areas endure both outdoor air pollution as
well as indoor air pollution. People are exposed to pollutants
more in indoor environment than outdoor. The exposure to
such indoor pollutants contributes towards acute respiratory

infection in the young children, adverse pregnancy conse-
quences for pregnant women, cancer, cardiovascular disorders,
etc. [7]. Among all the occupants residing, the most vulnerable
ones are children and pregnant women.

2. Increasing urbanization, flourishing industrialization,
and related anthropogenic activities are the chief reasons that
cause emission and poor air quality [8]. Over 80% of the
population residing in urban areas is exposed to emissions and
pollutants that exceed the standards set by WHO . Conferring
to a report by interdisciplinary journal Lancet Planetary Health,
air pollution was considered to cause over 1.7 million pre-
mature deaths in India in 2019. Since people devote more than
90% of their time indoor, which has been increased further
due to COVID-19 lockdown, they are more introduced to indoor
air pollutants, which is almost 5 times more as compared to
outdoor. Children being the most vulnerable in the row experi-
ence and exhibit certain respiratory and cardiovascular disorders
attributable to these pollutants.

The reason being that infants and young children possess
a greater surface area per body weight as well as they grow
promptly. As a result, they possess greater resting metabolic
rate, in addition to, oxygen consumption rate per body weight
as compared to adults. Furthermore, children own narrow
airways as compared to adults [8]. Consequently, exasperation
triggered by air pollution will give rise to a minor retaliation
in adult and potentially substantial interference in the airways
of a child.

Chemistry of pollutants: Abbatt & Wang [9] in their
review article on the atmospheric chemistry of indoor
environments [9] identified a few oxidants responsible for the
chemistry of the indoor air pollution. Some of the important
oxidants are summarized below:

(i) Ozone: Ozone is generated photochemically in the
outdoor troposphere but may be transported inside.

(ii) OH••••• radical: OH• radical is transitory and thus cannot
be transferred from outdoor but it can be generated by the

TABLE-1 
CHARACTERISTICS OF URBAN AND RURAL HOUSES IN INDIA 

Characteristics Urban house Rural house 

Ventilation • Proper ventilation is available via chimneys, 
exhaust, windows etc. 

• Lack of windows  
• Lack of electrical ventilation appliances e.g., chimneys, exhaust 

Supply of electricity 
• Temperature control devices such as heaters and 

air conditioners are available 
• Use of solar panels is not prevalent 

• No temperature conditioning devices 
• Indoor use of solar panels as energy source is widely seen  

Waste burning  
• Waste collecting facilities are available 
• Less open waste burning 

• Waste burns openly, sometimes using fuels like kerosene. 

Greenery • Lack of flora • Abundant flora available 
Ambient air  • Lack of greenery allows for lower air quality • Good air quality due to abundant greenery 

Building materials  • Paints and varnishes release volatile organic 
compounds 

• Huts are usually made up of mud doesn’t require any paints or 
varnishes 

Cooking medium • Liquified petroleum gas (LPG) & piped natural 
gas (PNG) are used as cooking medium.  

• Wood and fuels like Kerosene are used as cooking medium, 
releasing CO & CO2 

Infiltration • Outdoor air containing, Particulate matter, 
Pathogens, VOCs, Odours & Emissions 

• Outdoor air contains lessen air pollutants as compared to urban 

Number of rooms 
• Proper division into rooms like- kitchen, 

bathroom, garage etc. 
• Fumes & CO from attached garage  

• Common room with no separate kitchen. Toiletries are either 
built away from house or use public toilet. 
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ozonolysis of alkenes which might initiate the formation of
•OH radical in the dark.

(iii) NO3
••••• radical: NO3

• is the product of the reaction
between NO2 and O3.

(iv) Hydrogen peroxide and chlorine cleaning agents:
In places like hospitals, chlorine bleach is used as an antimicro-
bial cleaning agent. This solution may release a number of
chlorinated species such as HOCl, Cl2, ClNO2, NCl3, NH2Cl,
NHCl2 and CHCl3·HOCl and Cl2 can disintegrate photolytically
to give •OH and •Cl radicals, which are reactive in nature.

A wide range of pollutants are responsible for worsened
indoor air quality both in urban and rural environment. Fig. 1
depicts these pollutants and the general chemical reactions
between the pollutants. Soot, which is made up of elemental
carbon (EC) and organic carbon (OC) makes up a huge portion
of the total amount of atmospheric aerosol mass. The elemental
carbon is a graphite-like microcrystalline structure and absorbs
light strongly [10]. The organic carbon content is made up of
hydrocarbons, PAHs and partially oxidized organic matter that
might condense to form soot particles [10].

Formaldehyde (HCHO) can photochemically degrade in
presence of hydroxyl radical (•OH) [11] and O3 also degrades
HCHO as shown below:

HCHO + OH

CHO + OH

CHO + O2
-

HCO3
-

HCOOOH

HCHO + 3O3

CHO + H2O

HCOOH

HCO3
-

HCOOOH

HCOOH

CO2 + H2O + 3O2

Nitrogen oxides (commonly called as NOx) include NO,
NO2 and other oxides of nitrogen. NOx can react with volatile
organic compounds (VOCs) in the presence of light and heat,
and form ozone. NO2 can photolyze in radiation of wavelength
(λ) less than 420 nm forming •O radical and nitric oxide. This
•O radical forms ozone by combining with dioxygen. The
ozone further reacts with NO to form NO2 and O2.

NOx + VOCs + hν

NO2 + hν
O + O2

O3 + NO
NO2 + OH

O3

NO + O
O3

NO2 + O2
HONO2

heat

< 420 nm

When radiations of λ < 320 nm are available, ozone can
decompose into dioxygen and oxygen radicals, which react
with water vapours to form hydroxyl radicals [12]. These
hydroxyl radicals can degrade HCHO as shown before. Ground
level ozone is formed when methane gas reacts with oxygen
producing formaldehyde along with ozone. This is one of the
reactions occurring in a greenhouse, otherwise called green-
house reaction.

O3 + hν
•O + H2O

CH4 + 4O2

< 320 nm
•O2 + O2

2•OH

HCHO + H2O + 2O3

It is now a common knowledge that human haemoglobin
has more affinity for CO than for O2. Thus, a high concentration
of CO might lead to what is called “CO poisoning”. According
to what is referred to as “cooperativity effect”, the addition of
first CO molecule facilitates the addition of other CO molecules.

Hb(O2)4 Hb(O2)3(CO)
+ 3CO

Hb(CO)4

HONO is formed by the reaction of nitrogen dioxide with
water surface.

Surface
2 2 32NO H O HONO HNO+ → +

Pitts et al. [13] employed differential optical absorption
spectrophotometry (DOAS) thus establishing that NO2, which
was injected into a mobile home formed HONO. HONO was
formed as NO2 decayed along with small amounts of NO,
according to laboratory studies [14]. It was observed that there
was a delayed release of HONO, which suggests that it was
adsorbed in part on the surfaces and was released later in gas
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Fig. 1. Various pollutants and the general chemical interactions in urban and rural environment
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phase [15]. Weschler et al. [16] concluded that dissolved
HONO in a surface film of water is oxidized to nitrate by ozone
since it was observed that the indoor HONO concentrations
did not increase under high concentrations of indoor ozone [16].

Weschler et al. [16,17] also suggested the indoor formation
of NO3 and its secondary forming nitric acid.

3 2 3 2O NO NO O+ → +

3 2 2 5NO NO N O+

Surface
2 5 2 3N O H O 2HNO+ →

3 3NO RH HNO R+ → +
Carpet exposed to ozone in an enclosed space generated

formaldehyde, benzaldehyde, benzoic acid, acetophenone, the
products one would expect from the reaction of styrene (emitted
from the latex adhesive which is used to bind the back to the
carpet) and ozone [18]. Latex paint exposed to ozone led to
the production of formaldehyde, acetaldehyde and acetone in
some cases [19]. Reiss et al. [19] proposed that these were the
result of the reaction of ozone with the remaining double bonds
that were not entirely reacted in the course of the procedure in
which the CH2=CHR was polymerized to form the latex paint.
Indoor formic acid concentrations increase with the   indoor
ozone concentration and relative humidity [20].

The reaction scheme shown in Fig. 2 depicts the transfor-
mation of NOx and sulphur oxides and their interactions with
other pollutants. In daytime, NOx converts into nitric acid, mean-
while when it is dark, NOx can exist in the form of dinitrogen
pentoxide, which convert into HNO3. This will exist as nitrate
ions in the environment and might undergo further reactions.
Furthermore, a multiphase reaction occurs when sulphite ion
converts into bisulphite and further into solvated sulphur dioxide.
This SO2 can exist as sulphuric acid or as sulphate ions, whereas

ammonia exists as ammonium ions. The O3 and H2O2 might
act as oxidants and can oxidize the multiphase reaction products
thus forming sulphate ions too (Fig. 2). Thus, the indoor
environment becomes a pool of ions and particulate matter,
consequently facilitates the mixing of these pollutants, which
might or might not become more hazardous to human health.

Surface chemistry of indoor air pollutants/multiphase
reaction of ozone as an indoor pollutant: Due to high deposi-
tion rate, availability and low mixing ratios in the interior
surfaces, the surface absorption of ozone is easier [21]. Interior
materials like carpets, clothing items, edible oils, skin oil
substituents, building materials [22], filters and vents [23],
etc. were used to study the ozone absorption [24]. During
reactive absorption the yield of carbonyls particularly aldehyde
formed was high [25]. Carbonyl emissions occur in high
amount during ozone mixing used in indoor disinfection [26].
Over the time, indoor surfaces also loss reactivity and become
less reactive to ozone like air ducts, carpets, building material
like ceiling [27], painted drywalls, kitchen rooftop, etc. [28].
Some studies suggest that due to the constant addition of edible
oils to such surfaces, skin oils and flakes, essential oils and
detergents, surfaces become more reactive. To check the above
two scen-arios, work has been done to evaluate the usefulness
of various surfaces [29].

Prime reasons for high ozone deposition rates are the
oxygen molecule formation on the solid inorganic surfaces
such as mineral dust [30] thus making surface inactive with
high ozone exposure with time but some degree of reactivity
regenerates over time. This mechanism is the chemical rationale
behind commercial products that catalytically remove ozone
from indoor air, using ceramic surfaces and metal oxides.
Ozone’s electrophilic nature also makes it reactive with unsat-
urated carbon-carbon bonds found in variety of molecules that
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SO2

SO2

H SO2 4
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–
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NH4
+

NO3
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NH4
+

SO4
2–
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Fig. 2. Reaction scheme for transformation of NOx and SOx and their interactions
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break down the surface reservoirs, such as components of skin
oil and cooking oil (unsaturated triglycerides, cholesterol) [31-
33], terpenoids [34], especially polar compounds such as terpi-
neol [35,36].

Ozonolysis of olefins occurs through the formation of
primary ozonoids, which are formed by electrons in the carbon-
carbon double bond covalently bonding with an unpaired electron
density to the terminal oxygen atom of ozone molecule [37].
The primary ozone then decomposes to form biradical inter-
mediate and carbonyl [38], which is quite volatile [39-41].
The yield of the product increases at high relative humidity as
compared to dry conditions. It ia also dependent on secondary
ozonoids and hydroperoxy esters’ concentration [42-45]. The
above chain reactions have been summarized in Scheme-I.

Ozone with many electron rich substrates like PAHs and
nicotine [46,47] reacts heterogeneously. Sources of above
pollutants can be candle burning, incomplete combustion
process, cooking stove operation and upto certain extent
smoking. These pollutants can show both carcinogenicity and
mutagenicity [48] due to low volatility to indoor surface
particles [49]. A recent indoor study suggested that ozone
heterogeneously functionalizes benzo[a]pyrene (BaP) into
epoxides and epoxy diols [50]. The epoxydiol BaP product is
highly carcinogenic and known to be formed biochemically in
the body’s cytochrome P450 enzyme complex.

Photochemistry: Ozone decomposition is very prominent
in inner glass surfaces of windows. PAHs, such as perylene,
are known to photodegrade when adsorbed onto silica under
sunlight conditions [51]. Other surfaces that might undergo
faster photochemical transformations will be very close to light
fixtures, such as the backsplash of an illuminated kitchen side
wall.

Photochemical degradation can occur via several direct
mechanisms. One differently active chromophore is the carbonyl
functional group. For example, there was observed to be light-
enhanced release of benzaldehyde and other volatile organic
compounds (VOCs) from a lacquer coated particle board, prob-
ably via Norrish type I reactions that involve carbon-carbon
bond breakage from photo-initiators such as 2-hydroxy-2-
methyl-1-phenylpropan-1-one as shown in Fig. 3 [52].

One particularly special photooxidation agent widely
present indoors is rutile (TiO2), a famous whitening agent which
is added in paint [53-55]. Under actual indoor conditions with
substrates of white paint on glass in a chamber, there was signi-

SURFACE

O3

O3 O3 O3

O3

O3

O3

O3

Benzo pyrene 
diol epoxideBenzo[o]pyrene

Fig. 3. Reaction of ozone with PAHs

ficant loss of gas-phase NO2 under illumination, but only
moderate to no effects were observed for degradation of a variety
of VOCs [56].

Hydrolysis reactions: Surface reservoirs are famous for
having complex organic reactions. Hydrolysis reactions are
another example, where organic esters hydrolyze to form alcohols
and acids (Fig. 4). This has been demonstrated by degradation
of phthalate plasticizers, e.g. the release of 2-ethyl-1-hexanol
from the hydrolysis of diethylhexylphthalate and n-butanol
from the hydrolysis of n-butyl phthalate [57,58].

O

O

O

O
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CH3

Hydrolysis

OH

OH

O

O

Phthalic acid

OH

2-Ethyl-1-hexanol

+

Bis(2-ethylhexyl)phthalate

Fig. 4. Organic esters hydrolyze to form alcohols

Hydrolysis rate depends on the furnishings and building
materials and relative humidity/water content of the substrate
[59,60] usually, under basic conditions ester hydrolysis is faster,
as may prevail with the concrete substrates. For example, poly-
vinyl chloride (PVC) floor coverings contain phthalate and
adipate plasticizers that can hydrolyze to form mini alcohols,
significantly if the floor materials are laid on a concrete (i.e.
alkaline) substrate, which is not fully dried. Another example
of hydrolysis reactions are those that occur with urea
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formaldehyde resins and glues used in various processed wood
products, such as particle and fibre boards [61,62]. These
substances instantaneously release formaldehyde with high
emission rate at higher relative humidity [63].

Sources and consequences: Although pollutants are same
in urban and rural environment, yet their percentage and sources
vary. It is reported that nearly 80% of the people in rural India
depend on biomass fuel to accomplish their domestic neces-
sities [64]. The assessed figure of individuals using harmful
fuel in rural and urban areas in India has been shown in Fig. 5.
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1.3
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17.5

1.6

3.5

0.8

6.3

11.5

76.3

Fig. 5. Percentage of household by primary source of energy used for cooking

The major Indoor air pollutants, their principal sources
and related health consequences in urban and rural areas are
given in Tables 2 and 3, respectively.

Methodology: The review is based on the peer-reviewed
journals from notable databases such as Science direct, Wiley
databases, PubMed, SCOPUS and Web of science. Only, last
ten years published articles to assess the progress in the field
of indoor air quality. Some journal articles were also reviewed
from other databases. The search was accomplished using com-
binations of keywords, e.g. IAQ, residential building, major
pollutants, commercial building, disease related, modelling
techniques of air pollutants.

Discussion

Technical interventions: The blooming of the modern
technology is the most encouraging frontiers for the improvement
of air quality. As the result of technological advancements, six
innovations are discussed which vigorously hampering air pollu-
tants from damaging the environment and well-being (Table-4).

Modelling: Air quality modelling helps in the formation
of air pollution control policies and strategies. Air quality
models portray the outward observable effects. Therefore, a
number of models exist which work according to specific
requirements. Some examples of the widely used air quality
models are given in Table-5.

Remediation: Particulate matters (PMs), ground-level ozone
(O3), sulphur dioxide (SO2), nitrogen dioxide (NO2) and volatile

TABLE-2 
MAJOR URBAN INDOOR AIR POLLUTANTS 

Pollutants Principal sources Heath consequences Ref. 
Elemental 

carbon Partial incineration of fossil fuel and biomass 
Struggle in breathing, tiredness, sweating, increase in heart 
rate and blood pressure, coma, convulsions, asphyxia etc. [65,66] 

VOCs 
Burning kerosene, wood, cleaning agents, use of 
paints, hair spray, fragrance, tobacco smoke, 
building materials  

Lung irritation, Damage to kidney, liver, Central nervous 
system. 

[66] 

PM2.5 
Fresh & aged aerosol, traffic exhaust, mineral 
dust/construction works, oppressive heating 
processes. 

Aggravation of Asthma, Wheezing, Respiratory corruptions, 
Chronic bronchitis and COPD. [66] 

NO2 
Welding, tobacco smoke, kerosene heaters, gas 
combustion. 

Swelling in tissues of upper respiratory tract, lowering 
oxygenation of tissues, death. [66,67] 

SO2 Burning materials containing sulphur 
Decreased fertility in men and women, Loss of smell, 
Bronchitis, shortness of breath, Severe corneal damage. 

[68] 

CO2 Combustion activities, metabolic activity. Inflammation, Reduced cognitive performance, Kidney and 
bone defects. [69,70] 

 
TABLE-3 

MAJOR RURAL INDOOR AIR POLLUTANTS 

Pollutants Principal sources Heath consequences Ref. 
NO Combustion activities. Formation of O3, cancer, reduction in life expectancy. [70] 

NO2 
Welding, tobacco smoke, kerosene heaters, gas 
combustion, biological decay. 

Throat and lungs irritation, coughing, shortness of breath, 
tiredness, nausea. [71,72] 

SO2 
Fossil fuel ignition, smelting, transformation of 
wood pulp to paper, incineration of by-product and 
formation of elemental sulphur. 

Chest pains, breathing problems, decreased resistance to 
heart and lung diseases. 

[71,72] 

PM10 
Dust from construction sites, landfills and 
agriculture. 

Asthma, heart diseases, chronic bronchitis, mortality, lung 
cancer [71,72] 

O3 Fuel consumption and Photochemical reactions. 
Airway exasperation, permanent lung damage, pneumonia 
and bronchitis, exacerbate asthma. 

[71] 

CO 
Tobacco smoke, stoves, boilers, kerosene or gas 
heaters, fuel burning Low birth weight, increase in perinatal deaths [71] 

 

[65,66]

[66]

[66]

[66,67]

[68]

[69,70]

[70]

[71,72]

[71,72]

[71,72]

[71]

[71]
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organic compounds (VOCs) are all major air pollutants [81].
The PM2.5 has been shown in epidemiological studies to
increase morbidity and mortality, harm the respiratory, cardio-
vascular systems, and impair immunological function. Indoor
pollution is caused more by human activities (cooking, smo-
king, and cleaning) than by outdoor sources. In general, indoor
human activities have a greater impact on PM2.5 concentration.
Sulphur dioxide (SO2) was one of the first air pollutants to be
discovered as a threat to human health and ecosystems. The
burning of fossil fuels has resulted in a significant increase in
SO2 levels in the atmosphere [82]. Nitrogen dioxide (NO2),
nitric oxide (NO), nitrous oxide (N2O) and nitrogen trioxide
(N2O3) are some of the nitrogen oxides (NOx) found in the

environment. The existence of NO and NO2 in the lower atmos-
phere is inextricably connected to O3 levels at the ground level
[82].

VOCs are a diverse group of chemical molecules that
include both naturally occurring and manmade chemicals. The
VOCs participate in atmospheric photochemical reactions that
contribute to the formation of O3 and play a role in the formation
of secondary organic aerosols, which are found in particulate
matter. Also, VOCs include a wide range of organic chemicals,
including formaldehyde and PAHs. Formaldehyde is
recognized to be a human carcinogen, as a result of its strong
reactivity with proteins and DNA. To tackle these hazardous
air pollutants novel remedial measures should be adopted.

TABLE-4 
TECHNOLOGICAL INTERVENTIONS 

Technologies Applications Ref. 

Multi-Pollutant 
monitoring devices 

• Although this technology does not directly reduce emissions from our atmosphere, yet it proves to be a 
critical part of the air pollution control system. 

•  Multi-pollutant monitoring warrants regulatory bodies for securing conformity with emission limits 
regarding different pollutants and reducing cost and time corresponding to monitoring. 

[73] 

Catalytic converters 

• For reduction of vehicular exhausts Gasoline- and Diesel-powered vehicles comprised of catalytic 
converters, 

• The device transforms dangerous air pollutants into innocuous pollutants by catalysing a redox reaction  
• Thus, permits a reaction converting CO to CO2 and nitrogen oxide to nitrogen and CO2. As CO2 and 

atmospheric nitrogen are comparatively less harmful than CO and NO2. 

[73] 

Scrubbers 

• Eliminates air pollutants such as sulfur dioxide, chlorine, hydrogen sulfide, and hydrogen chloride.  
• Wet scrubbers use liquid (generally water) for absorption particles or gases from an air stream. 
•  Whereas, dry scrubbers devices spray dry reagents in the stream, before entering the atmosphere.  
• Also, no distortion is observed in production process, hence, economic as well as industrial activities 

continue without any proportional rise in air pollutants. 

[73] 

CFCs and HCFCs 
Substitutes 

• CFCs and HCFCs used in refrigerators, solvents, propellants etc. are replaced by HFCs 
(Hydrofluorocarbons) that have an ozone depletion potential (ODP) of 0 (zero).  

[73] 

Low emitting stoves 
and heaters 

• Biomass stoves now are available incorporated with secondary combustions, insulated combustion chambers 
that burn off leftover fuel and ventilate the chemicals, which remains after burning.  

[73] 

VOCs free consumer 
products • Crucial for regulating indoor air pollution. [73] 

 
TABLE-5 

MODELLING TECHNIQUES 

Model 
name 

Model type Applications and pollutants 
concerned 

Pros Cons Ref. 

SLAB 
Steady State plume 
and transient puff 
models. 

Simulates the atmospheric 
dispersion of a denser-than-air 
release. 

It is easiest to use dense 
gas model. 
The model runs quickly. 

Does not include different 
dispersion treatments. Source 
emission rates cannot be 
calculated.  

[74,75] 

HG 
System 

Four types of Models 
(Dispersion Model) 

Assessing hazard and/or 
mitigation strategies. 

It is best atmospheric 
dispersion models. It can 
simulate different 
dispersion scheme. 

Can only be used be expertise of 
the field. [74-76] 

CAMx 
3D Photochemical 
Grid Model 

Simulates air quality over 
many geographic scales, 
modelling air quality episodes. 
Modelling of NOx, SOx. 

Treats deposition in a 
more realistic manner. 
Includes detailed 
treatment of chemistry, 
emission and other 
processes.  

Limited range of spatial 
resolution. Indirect calculation of 
trajectories. 

[77] 

CMAQ Eulrerian Grid Model 

Simulates the emission, 
conversion and transport of 
species that comprise 
particulate matter (PM), ozone. 

Applied at both long 
range and short-range 
simulations. used for 
urban and regional scale. 

Only one way grid listing 
available. Requires 
meteorological model to impart 
an input  

[77,78] 

CHIMERE 
Eulerian 
deterministic Model 

Accurate analysis of pollution 
episodes, day-to-day prediction 
of ozone, aerosols, and other 
pollutants. 

State-of-the-art model. 
Includes aerosols, 
different gas phase. 

Simulation period more than 24 
hour. Global version not 
available (only for Europe) 

[79,80] 

 

[73]

[73]

[73]

[73]

[73]

[73]

[74,75]

[74-76]

[77]

[77,78]

[79,80]
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High-efficiency particulate air (HEPA) filters assist in
capturing all dust particles such as lead particles, brominates,
and fire-retardant compounds (polybrominated diphenyl ethers,
PBDEs). The best results come from using HEPA filters with
a vacuum. They are usually referred to as air purifiers and can
catch a considerable number of biological and chemical aller-
gens, making them quite useful for the allergic people [83].
Chlorophytum comosum, the well-known spider plant is an
excellent air purifier. This plant helps filter out hazardous
benzene, trichloroethylene and formaldehyde pollutants by
removing about 90% of the possibly cancer-causing chemical
formaldehyde from the air [84]. In air, SO2 can be photo-
chemically or catalytically oxidized to sulphur trioxide (SO3)
and sulphate (SO4

2-). Lastly, SO3 rapidly transforms to sulfuric
acid (H2SO4) in the presence of water, resulting in the acid
rain.

2SO2 + O2

SO2 + O2 + 2e-

SO3 + H2O

2SO3

SO4
2-

H2SO4

(acid rain)

hν

hν

Sulfate-reducing bacteria, fungi and plants convert SO4
2-

to organic sulfhydryl groups (R-SH) during sulphur assimil-
ation. The USEPA solely controls NO2 since it is the most
common type of NOx produced by humans [83]. NO2 is also
involved in the production of ozone (O3) and nitrogen oxide
(NO). Since NO2 interacts swiftly with water whereas NO is
nearly insoluble, plants absorb gaseous NO2 more rapidly than
NO [85]. The existence of NO and NO2 in the lower atmosphere
is inextricably connected to O3 levels at the ground level. Plants
absorb O3 mostly through their stomata; O3 is easily dissolved
in water and interacts with apoplastic structures and plasma
membranes to produce reactive oxygen species (ROS) such
O2, H2O2 and the OH• radical (Scheme-II).

The ozone (O3) or reactive oxygen species (ROS) can
disrupt cell membrane integrity and damage protein sulfhydryl
(SH) groups or ring amino acids, resulting in phytotoxicity.
First, chemical interactions with reactive chemicals generated
by plants, notably monoterpenes, can remove O3 from the air
[86]. Activated charcoal or carbon filters, due to their adsorptive
property are also used as air purifiers. When air passes through
filters, the carbon adsorbs all contaminants and the air is purified
[87]. Many of these techniques have been used for a long time

and have proven to be quite successful. The level of pollution
has risen dramatically as a result of urbanization and industria-
lization. As a result, more effective approaches for improving
indoor air quality are required. There must be inexpensive,
ordinary and minimal care options. HEPA filters can be an
excellent alternative for indoor air pollution remediation in
the rural regions, however they are very expensive. Activated
charcoal filters, like HEPA filters, can’t be cleaned very often,
making them inexpendable and expensive.

Because of the limitation of these procedures, bioremedia-
tion a newer natural technique has emerged. Bioremediation,
a waste management technology that employs microorganisms
to remove or neutralize contaminants from contaminated sites
(e.g. soil, water and air). It employs mechanisms such as phyto-
stabilization, phytovolatilization, rhizo-degradation and rhizo-
filtration for organic contaminants [88]. Phytovolatilization,
phyto-stabilization, rhizo-filtration and phytoaccumulation are
also utilized for inorganic pollutants. In comparison to other
carbons (graphene, CNTs), carbon soot offers the rewards of
reliability and industrial scalability in its synthesis. A communal
daily waste, carbon soot, can be used to create a low-cost
absorbent (CS sponge) that can remove oil pollutants from
water. These suggest that the CS-Sponge could be useful in
ecological remedy intended for large-scale, low-cost oil exclu-
sion from water [89,90].

Mitigation by biochars: Two precise mechanisms are
functional for mitigation of VOCs through biochars. The first
being adsorption within carbonized reign and second being
partitioning in the non-carbonized organic reign. The deter-
mination of the carbonized part is done by different methods
namely chemical adsorption through covalent bond, dipole
interactions, H-bonding, physical adsorption through hydro-
phobic interactions and columbic interaction. Hence, several
parameters are responsible for performance of biochars i.e.
source, surface alteration, and pyrolysis temperature [91]. The
morphology, surface area, O/C and H/C molar ratio from diverse
origin differ remarkably, although being synthesized at similar
temperature. For an instance, the specific area of biochar from
switchgrass and bamboo was recorded as 15 m2/g and 375 m2/g
at 60 ºC, respectively. Apart from this, the functioning surroun-
dings such as humidity, temperature and flow velocity too
knowingly affect the extenuation of VOCs via biochar. Till date
total 15 forms of biochars have been formed from raw resources
for the absorption of VOCs gas. Amongst, the component with

Scheme-II
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highest adsorption capacity and least adsorption capacity was
acetone (483.09 mg/g), and methanol (10.6 mg/g), respectively
[92]. The extent of adsorption is largely affected by the surface
area and non-carbonized organic material of the biochar. The
exclusion of VOCs via biochar declines as per the surge of the
temperature of raw material [93]. Biochar flourishes as one of
the capable adsorbents for VOCs, being comparatively cost-
effective and vast availability.

Dosimetry and health risk assessment: Occupational
exposure to pollutants at the given average concentration (e.g.
mg/m3) throughout a day may result in a particular inhaled
dose of that pollutant. This depends on several factors including
substance properties such as shape and size of the particle, and
the individual’s property such as patterns of breathing, morp-
hology of respiratory tract and physiology. Certain portions
of inhaled doses are deposited in the respiratory tract and supposed
to be assimilated and transported to different organs systemati-
cally and may also be reserved in the body [94]. Dosimetry
practice encompasses determination of rate distribution and
amount of pollutant or particle in the body. These dosimetry
models are widely used in risk assessment of various applica-
tions. Uses of dosimetry models include biologically operative
dose approximation, adjustment of point of departure (POD),
Sequential dose adjustment, internal estimation of dose in a
population and dose normalization over out-of-date and alter-
nate testing approaches. Correspondingly, dosimetry models
permit science-based estimations of dose covering different
species as for many substances data on human health outcomes
are unavailable therefore study data on animal toxicology are
applied in order to detect an effect level. Selection of dosimetry
model for practicing particular health risk evaluation is based
on certain goals of risk assessment including screening, degree
of knowledge regarding biological mode of action (MOA),
specificity of available data and level of details [95]. Biological
MOA may be defined as arrangements of crucial events and
procedure including interface of an agent with the cell, happen-
ing over anatomical and functional variations and finally result-
ing in toxicity such as cancer. In model hierarchy, the increase
in intricacy of the models surges the specific data requirements;
but then again, the benefits embrace better precision [96,97].
The simplest approach of health risk assessment has been
depicted in Fig. 6. The usage of mode-of-action data is to deter-
mine the choice of the suitable dose metric for exact notability
for the implementation in a risk assessment.

Response Response

Mode of action Toxicodynamics

Tissue dosimetry Toxicokinetics

Exposure Exposure

Qualitative analysis Quantitative analysis 

Fig. 6. Risk assessment process

As an instance, a multi-path dosimetry model used in
quantification of dose accumulation in human respiratory tract
principally age-wise scenario in Portugal revealed that infants
aged 3-month displayed 4-fold higher accumulation doses
compared to their mothers [98]. The primary accumulation of
PM10 was in the head area (87%), whereas PM2.5 and ultrafine
particles (UFP) deposition chiefly occurred in pulmonary region
viz. 39% and 43%, respectively. It was observed that higher
particulate matter accumulation in the lungs was in lower lobe
viz. 37% and 30% in left lobe and right lobe, respectively [99,
100] also, right lobes are more susceptible to respiratory dis-
orders as asymmetric accumulation was detected. These finding
were attained for PM2.5, PM10 and UFP fractions. Therefore,
the results clearly indicated that younger toddlers are more
prone towards the air pollutants. Considering the above site-
specific study focussing on respiratory system, quantification
of particle accumulation in a particular site assistance to predict
better health related consequences from inhaled pollutants
[101].

Some work has also been done on accessing hazards of
engineered nanoparticles, with partial studies on toxicology.
Therefore, it may be valuable for analysing the data related to
dose retaliation of inspired fine and ultrafine particles in rodents
and may also be used in quantitative risk assessment (QRA)
in humans. Recognized methods to QRA may be practised on
the available data of dose -retaliation of animals in order to
provide risk approximations on the exposure of such particles
[102,103]. It would help in providing ground for contrast
evaluation and estimation of probable contrary health hazards
resulting in acquaintance to engineered nano particles.

Conclusion

This article explores the field of indoor air research, with
the intention to review the indoor air quality (IAQ) sector from
rural and urban Indian environment aspect. The major sources
of health hazards along with technical interventions to tackle
indoor air pollutants is also discussed. This review commends
future studies directing towards detailed evaluation of exposure
concentration in both the urban and rural environments separately.
In addition, the blooming technologies in the field indicate towards
development and awareness regarding indoor air pollutants. Thus,
it is highly recommended that more research should be conducted
in the field of technology so as to challenge the these pollutants.
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