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Abstract— Developing a Morden world has boosted 

population density in towns and indoor pollution. The 

problem of clean and healthy indoor environments was 

given greater priority as a result of these innovations. 

Several methods for air filtration to increase air quality 

indoor were added. The technique of air filtration can 

minimize air emissions and alleviate worsening air quality 

indoors efficiently. This article gives a brief description of 

the synergistic effects of various air purification devices, air 

filtration philosophy, and guidelines. The assessment took 

into account factors such as excellent quality improvement, 

the performance of filters, strength and cost-effectiveness, 

thermal comfort, and sound effects in various applied 

sciences of air filtration. New research to improve air 

filtration technology alongside its benefits, limitations, and 

challenges are addressed. The aim of this paper is to 

promote the study and the advancement of aviation 

technologies in order to achieve safe and efficient 

ventilation in buildings. 
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I. INTRODUCTION 

As the human race continues to expand its appetite for ease, 

The design and development of new shelters, cars, fuel-

saving oven, air conditioners and refrigerators, several other 

forms of convenience appliances, fulfills this need for 

luxury. This comes at the expense of environmental 

emissions, which is a by-product of cars, building 

construction, cooking fuel consumption, smoking tobacco, 

and industrial production, etc. This emission causes adverse 

health effects such as environmental quality, impaired lung 

capacity, illnesses such as asthma, etc. Indoor Air Quality 

was one of the top five environmental health issues by the 

US Environment Protection Agency (EPA). There is, 

therefore, a significant concern over indoor air quality 

(IAQ), The incidence of Sick Building Syndrome, Building 

related illness, and multiple chemical sensitivity has been 

observed over the last decades [1]. 

Any developments in IAQ have demonstrated that 

health and growth gain directly, with the associated 

economic benefits. With respect to IAQ Control in the past 

few years, the WHO has listed IAQ as one of its public 

health issues in 1979 and issued special recommendations 

for indoor air quality in 2010 [2]. The combat methods for 

fighting poor IAQ are studies in this project. Air purifiers 

are widely advertised as a method for reducing sensitivity to 

high particulate emissions. However, to our knowledge, no 

information on indoor air quality is available during the 

practical usage of air purifiers in heavily contaminated 

areas, including Indian cities. 

This paper includes a comprehensive analysis of air 

quality management and ingredients, air filtration criteria for 

the ventilation of buildings, and the mutual impact of 

multiple air cleaning technologies. Improving general air 

quality tests, efficiency, and energy measurement, heat 

comfort, and acoustic effects are also addressed. This paper 

aims to direct research and development of air filtration 

technologies in order for efficient ventilation to be 

accomplished. 

II. SOURCES OF INDOOR POLLUTION 

The contaminants to which indoor people today are 

subjected vary greatly from those they encountered 40 years 

ago, as conditions have dramatically increased[3]. Old 

construction materials known as inert were replaced, among 

other things, by advanced new materials like polymers, 

chemical, and technologically evolved paints. The advent of 

new building techniques and structures for improved energy 

production is another component of this pollution today. In 

these modern buildings, sealed buildings are identified as 

susceptible to a deterioration of indoor air quality and 

insufficient ventilation rates. 

Many experiments suggest that construction 

materials and human indoor practices are significant causes 

of indoor emissions [4]. 

Domestic air emissions originate from 

contaminants such as Broken walls and tubing, construction 

materials, filthy buildings, human or animally contaminated, 

bedding, improperly managed humidifiers, dehumidifiers & 

air conditioners, damp or dirty surfaces and household 

furnishings, heating systems, wood or coal stoves, engines, 

cigarette smoke, gas ovens, and wet air furnishings. 

Around two million early deaths per year are attributed to 

indoor air pollution, whereby 44 percent are caused by 

pneumonia, 54 percent by COPD, and 2 percent by lung 

cancer. Air pollution has contributed to premature deaths. 

Poor internal air quality can be caused in buildings such as 

sick building syndrome or building-related disease by the 

health problems associated with them. 

III. TREATMENT APPROACHES 

There are three specific methods for lowering indoor 

emissions and thereby enhancing IAQ. The first approach 

focuses on regulating the source of emissions that can be 

done by eliminating, reducing, or changing it. A second 

solution involves improving the ventilation mechanism by 

increased airflow outside to dilute concentrations of indoor 

pollutants. However, this solution would not actually negate 

the existence of contaminants above a reasonable level [5] 

and which entail the possible danger of merely taking in 

more toxins from outside, and therefore, it is compatible 

with energy-saving policies [6]. Finally, the third approach 

includes the use of treatment/purification methods. 

A. Mechanical Filtration 

Mechanical filtration is an air purification procedure that is 

simple and widely used to extract suspended particles from 

indoor air. In all air conditioning systems, filters are 
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essential components and can capture particles through 

interception, impact, or diffusion. While some surveys 

reported that indoor ozone pollution had decreased by up to 

36 percent, this methodology does not conserve gases. [7]. 

Particles rapidly saturate mechanical filtres; hence, the 

pressure loss increases with time in operation, and therefore, 

the efficiency of particle removal decreases gradually. Are 

the filters replacing to solve this problem! New sources of 

contamination from waste accumulation are used as spent 

filters, which can promote the growth of dangerous 

microorganisms. [8] 

Mechanical filtration efficiency depends on various 

variables, such as filter type, filter material size, airflow, and 

velocity across, contaminant type, and other similar 

processes [9]. Viscous liquids, including oils, may also be 

used to allow particle connection to the fiber. [10].  

B. Electronic Filtration 

There are two kinds of electronic filtering which require 

removing particles. Electrostatic precipitators are cost-

efficient instruments in which ions are ionized and then 

deflected by an electrical field that traps polarity plates on 

the opposite hand. Their care involves routine platter 

removal and washing. 

In comparison, ionizers or generators are cost-

effective instruments without substitution where charged 

ions are released through the air and fastened to chemically 

bound and trapped particles on the air filters. However, 

these charged particles can bind to nearby surfaces, such as 

walls, furniture, and draperies, or are attracted by each other 

their opposite charges represent a large particle formed on 

the concrete or some other substance[11] 

Although electronic filtration is efficient for the 

removal of particles, they can create hazardous particulate 

matter[12]. They can also generate new contaminants such 

as ozone and other ionization compounds from VOCs.  

C. Adsorption 

Adsorption on the surface of an adsorption substance such 

as activated charcoal, zeolites, silica gel, active alumina, 

mineral clay, and some of the polymers was successfully 

applied for retaining contaminants. The most widely used 

are hydrophobic (AC) and hydrocarbon (AC) zeolites with 

their large areas and high adsorption capacities [13]. 

Sidheswaran et al. (2012) have tested the use of an 

AC filter in hybrid heating, ventilation, and air conditioning 

system. A combination of 20-30 ppbv concentrations of 

VOCs was treated, which resulted in 70-80% efficiency 

removal (retention) for most VOCs being tested[14]. Cheng 

et al. (2012) impregnated a zeolite with metallic silver for 

adsorbent compounds with an antibacterial property so that 

over 95% of the bacterial and fungal indoor air are 

destroyed. 

The drawbacks include high relative humidity 

(resulting in surface water condensation) and pollutant load 

shifts, jeopardizing the effectiveness of adsorption [15]. 

Furthermore, not all compounds adsorb to the adsorbent 

surface successfully, and there are substantial potential costs 

to regenerating deepened adsorbents. Jo et al. concluded that 

desorption yields (75–95%) were necessary at temperatures 

about 300 ° C [15]. In order to prevent reemission of the 

already adsorbed compounds, adsorbents should be 

substituted on a daily basis. One of the negative 

characteristics is that the high bio consistency of the carbon 

materials will contribute to airborne bacteria depositing on 

the adsorbing surface and thrive[16]. 

This technique cannot remove or kill pollutants 

because the pollutant is merely moved from one process to 

another, creating hazardous waste that must be properly 

handled and/or disposed of. Nevertheless, Chen et al. 

(2005), for general elimination of indoor VOCs, listed 

sorption filtration as the most powerful consumer off-the-

shelf process. 

D. Ozonation 

Ozone (O3) is an oxidizing material that is formed by air 

oxygen generators. The oxygen molecules (O2), which 

contain several hundred milligrams per hour of ozone, are 

subjected to a UV discharge. 

In the 1990s, the use of indoor ozone generators as 

air purifiers grew as customers were advertised to remove 

odors and microbial substances [17]. Nevertheless, several 

experiments found that indoor ozone concentration in the 

50-100 ppbv range does not ensure the productivity of many 

VOC indoors, and cannot be achieved by even modest 

ventilation rates [3], [17]. The O3 generation system for 

formaldehyde has been checked at concentrations of 2.5 and 

1.3 ppmv with O 3 levels of approx. 0.5 ppmv by Esswein 

and Boeniger (1994). At this concentration, no decrease in 

formaldehyde levels was detected using ozone. In addition, 

the existence of ozone-generating in homes has been 

documented by Hubbard et al. ( 2005), particularly in the 

presence of terpenes (normally found in cleaners and 

deoxidizers) in secondary-organic aerosols [17]. 

E. UV Photolysis 

Radiation with ultraviolet (UV) is known to have a 

bioaerosol removal effect. The wavelength spectrum for a 

germicide effect varies from about 200 nm to 365 nm for air 

or surface disinfection. It facilitates the degradation of the 

pollutants, such as viruses, microbes, pesticides, Staub 

mildew, animal dander, and mold. However, photoreactor 

lamps with wavelengths between 185 and 254 nm have 

typically been tested [18]. 

AT-temperature and strain, which offers an 

intrinsic gain over conventional thermal or chemical 

oxidation methods, typically are performed in UV-

photolysis therapy. It is also seen as cheap and effective. UV 

photolysis is limited because it appears to create ozone and 

to create radicals with adverse effects[19]. Currently, only 

some gas emissions are eliminated by UV radiation and, in 

comparison, harmful images may not be released, rather 

than energy consumption [12]. UV photolysis is normally 

carried out under atmospheric temperature and pressure and 

also produces UV radiation and only takes away gaseous 

contaminants and can emit harmful photo products in 

addition to consuming energy [12]. Zhao et al. (2013) have 

examined the intermediate products of naphthalene UV 

photolysis, and 13 volatile and five half volatile organic by-

products, including highly hazardous aldehydes (for 

example, formaldehyde) have been identified. Indeed, 

aldehydes are classified by toluenes and xylene photolytics 
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as the major intermediates [20]. In 2009 Wang et al. ( 2009) 

also stated that chlorobenzene gases, including formic acid 

and acetic acid, are converted into chlorophyll, phenol and 

some organic acids [18]. 

Chenet al. (2005) has investigated the 

photographing of a-pinene at quantities between 500 and 

600 mg / m3. At residence periods of 18.45 and 90 s 

respectively, roughly 28, 39 and 60% of a-pinene are 

mineralized. Several intermediates were reported, including 

acetone, 3-hydroxy-a-pinen, glycolaldehyde, acetaldehyde 

and 2-methylmalonaldehyde [21]. 

F. Photocatalytic Oxidation 

The mechanism of photocatalytic oxidation will oxidise and 

degrade organic contaminants entirely. Volatile Organic 

Compounds, for instance. PCO uses ultraviolet shortwave 

radiation for catalytic energy and for the degradation of 

bacteria and viruses. Although ozone is often emitted as a 

dangerous by-product. 

Photocatalysis enables oxidation of pollutants in 

the air and their mineralization with a semiconductor as a 

means of irradiation in the presence of oxygen. In the 

presence of UV-Radiation the semiconductor performs the 

role of catalyst. Oxidation happens only when the energy 

supply is superior to band-gap energy, due to the positive 

loading of electron receivers produced by the excitation of 

an electron. Photocatalytic oxidation has demonstrated 

bactericidal properties as well as the mineralization of 

certain organic composites. The most commonly used 

catalyst at this time is TiO2. It is an affordable, non-toxic 

substance that has high photo-efficiency and operation and 

is organically safe. Often widely used are other 

semiconductors including ZnO, ZnS, CdS, Fe2O3, SnO2 

[22]. The use of photocatalysts in indoor air treatment poses 

many obstacles. Most experiments focus on pollutant 

depletion at ppmv levels when indoor ppbv concentrations 

are calculated. The short life of the catalyst and the 

production of toxic by-products are other inconveniences. 

G. Biofiltration Techniques 

Biofilters are commercially viable and ecologically 

sustainable technologies for prevention of physical-chemical 

air emissions. This system can work with a wide range of 

VOCs and inorganic gases and is healthy for by-products 

[23]. For the treatment of gaseous contaminants different 

bioreactor designs have been proposed, for example the 

prepared bed bioreactor, bioscrubber, biotreated filters 

(BTF), and the membrane bioreactor [24]. Use BTF for 

formaldehyde, benzene, toluene and xylene, lu et al. (2010) 

used it. Availability of theremovals for levels of 0–6.5, 2.2–

46.7, 0.5–28,2 and 4.1–59.0 mg / m3 respectively is 100%, 

65–70, 93 and 85–90 percent [23]. Indoor amounts of 

butanol, butyl acetate, toluene, limo-nene, formaldehyde, 

undecane and nitrogen dioxide have been found to be high 

in the package biofilter range of 32 to 140 µg / m3. 

Efficiencies are recorded above 90 percent, with very low 

concentrations of the by-products [25]. 

IV. AIR QUALITY STANDARDS  

A. Air Quality Standards  

This provides a description of global outdoor and indoor air 

quality standards. If not directly applicable, these 

requirements can be interpreted as recommendations for 

countries that wish to implement relevant rules for PM2.5 in 

outdoor or indoor air emissions. These countries should 

make use of known technical trajectories, study and 

concentration limitations. 

B. IAQ Standards are listed below for Some Common 

Indoor Air Pollutants 

The indoor PM criteria laid out in the US OSHA, USA 

NAAQS / EPA Industries and India norms for air quality. 

The Hong Kong indoor air quality standard focuses on 

commercial and public buildings, while the Mainland China 

indoor air quality standard is regulated by residential and 

office buildings. At present, only some countries have 

developed guidelines for PM2.5 regulation and prescribed 

limits for indoor use. New Zealand, Australia and China 

only change the indoor PM10 standard, although the US and 

the EU have both introduced a PM2.5 standard. The Chinese 

Standard limits indoor PM10 to 150 microns / m3 and 120 

microns / m3 in New Zealand. Indoor PM10 is calculated at 

100 microns per m3 by Australia and the EU. Indoor PM2.5 

control standards also require optimisation relative to 

external PM2.5 control standards. 

 
Table 1:  Air quality standards by various organisation 

ASHRAE: American Society of Heating, Refrigerating and 

Air-Conditioning Engineers 

WHO: World Health Organization 

OSHA: Occupational Safety and Health Administration  

INAQS: Indian National Air Quality Standard 

V. EFFECT OF COMBINING AIR CLEANING TECHNIQUES 

A. Effect of Single Air Purification Technology 

The air contaminants can usually be categorised as three 

types: solid, gaseous and bio pollutants. Below is the 
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recorded table showing the effect on primary pollution of 

each cleaning process [19]. The air contaminants can usually 

be categorised as three types: solid, gaseous and bio 

pollutants. Filtration, water purification, electrostatic 

precipitation and anion technology are the key purification 

techniques for suspended particulate materials in the 

following reported table which lists each cleaning 

mechanism 's impact on primary pollution sorties. Filtration 

is currently the most widely used method for purifying 

samples. The most effective and widely used mechanism for 

purifying poisonous gases is adsorption. Activated charcoal, 

due to its versatility, durability and low cost are a widely 

used adsorption product. In the purification of natural 

volatile contaminants, both photocatalytic and plasma 

cleaning technologies have been successful. UV radiation, 

which can be obtained by photocatalytic and plasma 

purification, is the most effective method for microorganism 

elimination. In the case of more effective, but not more virus 

removal philtres, microorganisms with greater diameters can 

be assumed that purification procedures should not be used 

in an environment typical of the use of a common variety of 

air pollutants depending on the characteristics of the 

particular cleaning technique. A number of purification 

processes that balance atmospheric pollutant forms must be 

combined to purify the air as thoroughly as possible. While 

the simultaneous use of different purification methods can 

also uncover and intensify the drawbacks of certain 

approaches, complementary benefits of different purification 

technologies are equally exalting. Consequently, their 

properties are closely analysed when applying more than 

one technique to produce the most acceptable outcome 

Multiple indoor air pollution cleaning techniques arises from 

industrial waste and related fuel handling technologies. By 

practise, it can be classified into three categories: emission 

control technology, gas purification technology and the 

technology of sterilisation. The prevailing indoor air 

pollution reduction systems are derived from environmental 

emissions control systems. The most famous approaches are 

fibre filtration and electrostatic dust removal. Carbon 

filtration is also the most effective method for gas 

purification. However, the most commonly used sterilisation 

methods include ozone (O3) and ultraviolet (UV) radiation.  

B. Effect of Integrating with other Air Cleaning 

Technologies 

 The synergistic impact is between two or more agents, 

persons, components or substances which may exceed the 

sum of their respective results [8]. The synergistic effect can 

help to prevent the harmful effects by the combination of 

different purification technology. Can the values also be 

extended and the lack of individual integrity diminished? 

Strategies for cations such as adsorption photochemical 

catalysis, non-warm plasma photocatalysis, etc. In general, 

the rate of photocatalytic reactions is continuous when 

consideration of indoor toxin is poor. Integration of 

photochemical adsorption and catalysis that enhance the 

synergistic reaction charge because adsorption provides very 

high convergent indoor pollutant photocatalysis. The 

degradation of targeted contaminants by photocatalysis 

further results in the regeneration of the adsorbent [26]. For 

example, a virtual adsorptive cycle - photocatalysis - forms 

the ACF (activated carbon fiber) – TiO2 photocatalytic 

technology combining activated carbon adsorption and 

photocatalysis, which can achieve efficient internal air 

purification processes, for example. The theory is as 

follows: higher energy particles can transform downwards 

during plasma release, emitting UV radiation, which can be 

used as UV light for photocatalysis. And electron-hole pairs 

in the semiconductor form, triggering a series of REDOX 

reactions. The photo formed troughs on the catalytic surface 

will create OH — free radicals that effectively oxidise and 

break down pollutants. In order to reduce the risk of 

secondary emissions in the air, the catalyst may also react 

selectively with plasma by-products [27]. Thus, not only the 

process of non-thermal plasma photocatalysis can now 

dispose of extra contaminants quickly and effectively, but 

can also eliminate by-products and energy consumption. 

VI. CONCLUSION 

Indoor detection and quantification of the number and form 

of chemical compounds are increasingly increasing, and the 

complexity of their physics and chemical properties makes it 

more difficult to treat their joint effectively. Mechanical 

filtration is effective for the removal and generation of spent 

philtres as a new source of pollution among commercialised 

processing technologies. Electric filtration is also efficient to 

remove particles, although it can produce hazardous charged 

particles and novel contaminants. The use of indoor ozone 

generators, as air purifiers, does not guarantee that a great 

number of indoor chemicals are effectively eliminated and 

that exposure to high levels of ozone may have a detrimental 

effect on health of the inhabitants. For contaminant 

degradation at ppmv level, indoor photocatalytic oxidation 

was applied while ppbv concentrations are indoor air to be 

measured and their major disadvantages are the catalyst 's 

short lifetime and harmful by-product production. Some 

independent devices not on the market are cold or non-

thermal plasma and membrane separation. Other solutions 

under development are biological therapy systems such as 

biofiltration and botanical purification. 

In addition, where multiple sources of pollutant 

occur, single filtration methods are ineffective. For this 

purpose, to achieve overall efficiency through synergistic 

effects, the strategic combination of filtration techniques 

with different purification technologies is important. 

Electrostatic air philtres are theoretically considered to 

increase their eternal filtration efficiency by 82 to 94 

percent. In fungal spores and airborne bacteria, cold plasma 

(or non-thermal plasma) filtration of air is effective; it can 

recover from decontamination of 85% to 98% even at low 

exposure times (.06 s). In the case of PM10 and incredibly 

low blocking price (60 years of transport life), also in dirty 

city environments, the Trombe wall gadget made from 

respiration wall panels can achieve high filtration efficiency 

(99.4%). The technique of bio filtration is regarded as the 

most readily suited for robotic ventilation or natural fans. A 

variety of the above-mentioned single systems, including the 

plasma + catalytic hybrid system, the adsorption+ 

photocatalytical hybrid system, the biological method + the 

photocatalytic hybrid system, have been merged to address 

some of these disadvantages. The latter can be paired with a 
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BTF by means of the last option, which is either a pre-

oxidation or a post-oxidation step. While hybrid 

technologies have still not been promoted and more study is 

needed, the best choice for reducing the spectrum of indoor 

contaminants in the foreseeable future may be these 

technologies. 
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