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Abstract 

The most common and important liquid on earth, 

water is essential to all living forms. Purification of 

drinking water is becoming more difficult due to 

the expansion of industrialization, urbanization, 

and other human activities that have left drinking 

water susceptible. The purification techniques 

covered in this article range from the traditional 

ones that use activated carbon, activated alumina, 

silica, diatomaceous earth, etc. to the most recent 

ones that use nanomaterials, carbon nanotubes, 

and nanocomposites. Thin films, quantum dots, and 

aerogels are recognized as ground-breaking 

methods for the filtration of drinking water. 

Combining approaches is seen to be more 

advantageous than utilizing just one method since 

each has benefits and disadvantages in terms of 

efficiency, cost effectiveness, and pollutant 

removal. 

Keywords: Adsorbents, activated carbon, diatoms, 

nano materials, carbon nanotubes, nano 

composites, thin films, quantum dots. 

I.INTRODUCTION 

All living things need water to survive. 

Water is abundant, but clean drinking 

water is scarce due to several factors. 

Lack of clean water and sanitation is a 

global issue. Contaminated water, 

inadequate hygiene, and unclean 

environments kill 3.6 million people 

annually. Safe drinking water might save 

over 2 million lives in high-risk homes. 

Industrialization and urbanization will 

worsen water issues in the next decades. 

Even water-rich places are experiencing 

water constraint. To solve these issues, 

extensive research must be done to find 

innovative, low-cost, energy-efficient 

water purification systems that utilize 

fewer chemicals and have less 

environmental effect. The US 

Environmental Protection Agency (EPA) 

is assessing several centralized water 

treatment technologies as "small system 

compliance technology" to reduce supply 

system water pollution (USEPA, 1998). 

These include package treatment plants, 

point-of-entry (POE), and point-of-use 

(POU) treatment units that process small 

amounts of water entering a building, 

office, household, or specific tap/faucet 

[1]. Water purification removes parasites, 

bacteria, algae, viruses, fungus, minerals 

(including dangerous metals like Lead, 

Copper, Arsenic), and man-made chemical 

contaminants. Water quality regulations 

eliminate certain impurities to enhance 

smell, taste, and appearance. This study 

reviews drinking water quality-improving 

technology. 

OVERVIEW OF METHODS OF 

PURIFICATION 

Conventional water treatment may include 

chemical addition, coagulation, 

flocculation, sedimentation, filtration and 

disinfection, usually with chlorine [2].The 
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drinking water treatment technologies used 

in the majority of systems include one or 

more of the processes using wide range of 

adsorbents, filtration techniques, electrical 

and disinfection methods, and latest 

technologies involving nanomaterials, 

carbon nanotubes, nano composites etc. as 

given in table-1. 

Table-1. Various drinking water 

purification techniques: 
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drinking 

different ion-exchange capacities for 

cQautiaonntsumlikdeotasmmonium and heavy metals, 

anions,    and    organics    from    aqueous 

treatment, ion exchange, 

and surfactant functionalization increase 

organic and anion adsorption in natural 

water. Each approach may separate one or 

more components, hence one method 

cannot treat drinking water completely. 

Recent study uses bio material like banana, 

apple, and tomato peels to purify water. 

Below are drinking water filtration 

technologies, their pros, cons, and uses in 

modern technology. 

Adsorbents: 

Most drinking water purification 

procedures use natural adsorbents. 1.1 

Diatomaceous earth, or diatomite, is a soft, 

siliceous sedimentary rock created by 

diatoms, hard-shelled unicellular algae. 10–

200 micrometer particles. Diatomite filters 

water, especially drinking water. It works 

effectively on ground water with 

zeolites [5]. 

Water filtration uses synthetic zeolites 

extensively. These zeolites are utilized as 

ion-exchange beds in home and 

commercial water filtration, softening, and 

other applications where molecules of 

specified sizes and shapes may pass 

through retaining pollutants. 

Most water filtration adsorbents are 

activated carbon. Traditional centralized 

water treatment uses coal, wood, or 

coconut shell activated carbon. Coconut 

shell is most costly and effective. By 

imparting a positive charge, carbon 

"activates" to adsorb and reduce pollutants 

with a negative charge. Water filtration 

systems employ granulated activated 
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carbon (GAC), activated carbon block, and 

catalytic carbon. Adsorption and catalytic 

reduction remove pollutants from water 

using activated carbon. VOCs, herbicides, 

pesticides, chlorine, radon, lead, and most 

man-made pollutants are eliminated. 

Activated carbon cannot remove heavy 

metals, nitrites, nitrates, dissolved 

inorganic pollutants, or silt. 

In carbon water filters, particle and pore 

size, surface area, surface chemistry, 

density, and hardness affect adsorption [6]. 

This treatment may improve the quality of 

public or private water. 

Bacteria may develop on activated carbon 

cartridges, posing a health risk. Silver- 

infused carbon surfaces limit bacterial 

development. Radon, a lung cancer- 

causing radioactive decay product of 

natural uranium, penetrates buildings via 

foundation fractures or soil and rock into 

groundwater. Granular activated carbon 

removes radon. Catalytic carbon, a new 

advanced activated carbon product, 

adsorbs chloramines, an alternative to 

chlorine that prevents carcinogenic 

trihalomethanes (THMs) from forming 

when chlorine interacts with organic plant 

materials [7]. Activated carbon is the most 

common and successful water filtration 

technology. 

Activated alumina is a porous aluminum 

oxide with a surface area above 200 square 

meters/g. It filters drinking water fluoride, 

arsenic, and selenium. Fluoride in drinking 

water over 1.5 mg/l is hazardous. 

Activated alumina filters may readily 

decrease fluoride levels from.5 ppm to less 

than.1 ppm [8]. Water and alumina filter 

medium contact time determines fluoride 

leaching. Alumina in the filter reduces 

fluoride in the filtered water. Low- 

temperature and acidic water filter better. 

pH 5.5 permits 95% elimination. Tripathi, 

Jean, and Gopal found that alum- 

impregnated activated alumina (AIAA) 

can remove 99% of fluoride from water at 

pH 6.5, contact time of 3 h, dose of 8 g/l, 

and 20 mg/l of fluoride in 50 ml of water. 

Energy-dispersive X-ray study showed 

that only surface precipitation absorbs 

fluoride at the AIAA/water contact [9]. 

GFH removes arsenic [10]. Arsenic 

pollution of surface and subterranean 

waterways occurs everywhere. Arsenic 

penetrates aquifers, wells, and the water 

cycle naturally and anthropogenically. 

Arsenic is removed from drinking water 

via iron oxide adsorption. Inorganic 

arsenic causes skin, lung, and urinary 

bladder cancer and non-cancer 

consequences. 

Granular ferric hydroxide can be readily 

treated and typical water treatment 

facilities can remove excess iron, making 

it a viable chromium adsorbent even in the 

presence of other interfering chemicals. 

Thus, this method is a safe and convenient 

solution to the problem of chromium- 

polluted water resources, as suggested by 

Asgari [11]. Tap water seeded with 

different microorganisms or untreated 

waste water passed through columns 

containing sand modified with a 

combination of ferric and aluminum 

hydroxide removes greater than 99% of 

Escherichia coli, Vibrio cholera, poliovirus 

1, and coli phage MS-2 from dechlorinated 

tap water [12]. 

Ceramics-Ceramics filter dirt, debris, and 

pathogens from water utilizing their 

microscopic pores. Bacteria, protozoa, and 

microbial cysts are eliminated by filters, 

while viruses get through to the "clean" 

side. Recent investigations reveal that 

metal oxide-enhanced ceramic surfaces 

may catch and inactivate viral indicators in 

many waterways. Ceramic filtering does 
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not remove chemicals. The ceramic filter 

cartridge's high-performance activated 

carbon core eliminates organic and 

metallic pollutants. Active carbon absorbs 

chlorine. Sterasyl, ceramic with silver- 

impregnated carbon, filters 

microbiologically hazardous water but 

does not eliminate fluoride. Ceramics are 

fragile and may shatter while handling. 

Filtration methods: 

Filtration uses a media that only fluids 

may traverse to separate solids from 

liquids or gases. Membrane filtration is 

becoming more popular across several 

media. Membrane-filtered public water 

systems in California provide drinking 

water. 

Membrane filtering. Membrane filters 

filter water and sewage. Membrane filters 

eliminate Giardia and Cryptosporidium 

from drinking water. Filtration cannot 

remove dissolved compounds including 

phosphorus, nitrates, and heavy metal ions. 

Membrane filtration is classified by 

particle size as nano, ultra, micro, or 

reverse osmosis. In pressure-driven 

membrane processes, Bruggen & others 

argue that pressure on one side of the 

membrane drives solution separation into a 

permeate and retentate. Retentate is a 

concentrated solution that must be 

disposed of or treated, whereas permeate is 

normally pure water. Filtration methods 

utilize dense (no pores) to porous 

polymeric, organo-mineral, ceramic, or 

metallic membranes. Ultra filtration (UF) 

may remove suspended solids and colloids 

by retaining salts, tiny organic molecules, 

macromolecules, or particles. 

Nanofiltration (NF) removes divalent 

cations (water softening), NOM (natural 

colour, trihalomethane precursors), and 

TDS [14]. RO removes TDS and organic 

contaminants the best. Membrane 

distillation (MD) produces pure water. 

Water treatment, saltwater desalination, 

and aqueous solution concentration are key 

MD process applications [15]. 

Ceramics and metals may also make 

membranes. Ceramic membranes are 

microporous, thermally stable, chemically 

robust, and utilized for microfiltration 

[16]. High cost and mechanical fragility 

have limited its utilization. Stainless steel 

membranes are finely porous. Gas 

separation is their major purpose, although 

they may also filter water at high 

temperatures or support membranes. Most 

new WTP and expansion projects actively 

examine MF/UF. Membrane fouling and 

chemical stability remain key issues. 

Membranes are a popular water filtration 

option due to their affordability, 

versatility, and environmental friendliness. 

Microfiltration: A microporous membrane 

with micrometer-sized filters removes 

impurities from liquids and gases. These 

porous filters pass water, monovalent 

species, dissolved organic materials, tiny 

colloids, and viruses but not particles, silt, 

algae, or big bacteria. Microfiltration 

membrane pores are typically 0.1 to 10 

μm. It eliminates Giardialamblia cysts, 

cryptosporidium ocysts, and big 

microorganisms from drinking water. This 

application requires a 0.2 μm filter. 

Microfiltration membranes were initially 

used to treat easy-to-treat municipal waters 

in 1987. These devices remove suspended 

particles down to 0.1 micrometers in feed 

solutions up to 2-3%. Reverse osmosis and 

nanofiltration employ pressure to push 

water from low to high pressure, unlike 

microfiltration. Pressurized systems are 

not necessary for microfiltration [17]. 

Ultrafiltration (UF) is the drinking water 

treatment technique of choice due to its 

dependability and nanoparticle removal. 
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Most water-filtering UF membranes are 

hollow fibres with an inner diameter of 0.7 

to 0.9 mm. Ultrafiltration membranes filter 

dissolved compounds without coagulants 

using polymer membranes with chemically 

produced tiny holes. Unlike reverse 

osmosis (RO), UF does not modify the 

mineral composition of water and may 

work at 4 to 14 psi. RO works best at 100 

psi. Ultrafiltration prevents germs, viruses, 

and parasites. It eliminates flavor, odor, 

pesticides, and antibiotic residues using 

activated carbon prefiltration. It uses 

minimum filtration pressure and energy 

and is completely green. Michael and Dan 

advise running UF directly on solar power 

[18]. 

C.Nanofiltration is cheaper than traditional 

treatment methods. It is a relatively new 

membrane filtration process used most 

often with low total dissolved solids water 

like surface water and fresh groundwater 

to soften (polyvalent cation removal) and 

remove disinfection by-product precursors 

like natural and synthetic organic matter 

[19][20]. Nanoporous membranes for 

mechanical filtering have holes smaller 

than 10 nm. Ultrafiltration is membrane 

filtration at 10–100 nm. RO and UF 

membranes operate similarly. Dendritic 

polymers, soft nanoparticles with 

diameters between 1 and 20 nm, have 

numerous desirable properties for water 

purification [21]. 

D. Reverse osmosis is a popular and 

successful water treatment technique. 

Pressure-driven membrane water 

treatment. RO membranes, composed of 

thick polyamide film with microscopic 

holes through which water may flow, 

remove ionized salts, colloids, and organic 

compounds down to 100 kDa. 

Application-dependent pore diameters 

range from 0.1 to 5,000 nm. Water 

molecules may travel through these holes, 

but minerals and salt cannot. These 

remove germs and bacteria from water. 

Reverse osmosis removes TDS, turbidity, 

asbestos, lead, heavy metals, radium, and 

numerous dissolved organics from water. 

31 of 35 American communities contain 

hazardous chromium 6 in their drinking 

water. Reverse osmosis removes 

Chromium-6 [22]. It also removes arsenic, 

barium, copper, lead, and fluoride. This 

technology wastes 3 to 9 gallons of water 

each gallon of cleaned water, its biggest 

drawback. Second, domestic reverse 

osmosis units take 3–4 hours to purify one 

gallon of water. Reverse osmosis 

membranes remove 99% of solutes, 

however vital minerals like calcium and 

magnesium ions are lowered to quantities 

below the World Health Organization 

guideline for drinking water. 

Disinfection methods 

Drinking water must be disinfected. 

Disinfectants in water systems kill disease- 

causing germs. Chlorination, chloramines, 

ozone, and UV light disinfect. 

Nanofiltration, sun radiation, sonication, 

chlorine dioxide, and potassium 

permanganate disinfect. Conventional 

disinfection procedures produce 

disinfection byproducts (DBPs), hence 

novel methods that improve disinfection 

reliability and robustness without DBPs 

were developed. 

Chlorine gas, a primary and secondary 

disinfectant, kills practically all 

microbiological infections. At 0.1 percent 

air by volume, it is fatal from a liquid 

chlorine cylinder. Other chlorination 

processes use caustic sodium and calcium 

hypo chlorites. Although weak, 

chloramine kills bacteria and creates less 

disinfection byproducts. Chemical 

disinfection produces carcinogenic 
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halogenated byproducts. EPA recommends 

removing byproducts after they are 

generated, utilizing alternative 

disinfectants, and lowering organics in 

water before oxidation or chlorination[32]. 

Ozonation: Ozonation may purify water. It 

kills all microorganisms. Ozone disinfects 

by oxidizing organic and inorganic 

compounds, removing taste, odor, and 

color. Ozone kills 99% of waterborne 

bacteria, germs, viruses, and most 

pesticides by rupturing microorganism 

cells or oxidizing smells and chemicals. 

Ozone disinfects air and water, but 

excessive quantities damage biological 

tissues. Since municipal chlorination 

sterilizes most drinking water systems, 

ozone is advised for microbiologically 

hazardous water as an alternative to UV-C 

sterilization. 

Ultraviolet radiation: Recent studies have 

shown that biologically resistant water 

contaminants may be dissolved by UV 

light, solar energy with catalysts like Tio2, 

and ionizing radiation like high-energy 

electrons or Y-rays [33].UV disinfection 

kills cyst-forming protozoa including 

Giardia and Cryptosporidium, making it 

popular for drinking water purification. 

Adenoviruses are particularly resistant to 

UV disinfection and need large doses 

[34].UV with photocatalytic nanomaterials 

like TiO2 and Fullerol inactivates 

more.TiO2-coated UV reactors disinfect 

faster [35]. UV light kills germs and 

viruses, however water with significant 

suspended solids, turbidity, color, or 

soluble organic matter is inappropriate. 

Solar water disinfection removes 

infectious biological organisms including 

bacteria, viruses, protozoa, and worms 

from polluted water. Due to harmful 

compounds or heavy metals, disinfection 

may not make all water safe to consume. 

Thus, disinfection may not be enough to 

make water safe to consume. Solar water 

disinfection uses energy, heat, and UV 

light. Solar thermal water disinfection 

briefly heats water to 700C–1000C. 

SODIS disinfects water using sunlight and 

PET bottles. SODIS is a free, simple, 

environmentally sustainable, low-cost 

method for decentralized water treatment 

and safe storage for people drinking 

microbiologically contaminated raw water 

[36]. Plastic bottles are constructed of PET 

(Poly Ethylene Terephtalate) or PVC 

(PolyVinylChloride) and include UV- 

stabilizers to prevent oxidation and UV 

radiation [37].SODIS cannot be utilized 

for turbid water, requiring further 

filtration. 

Sonication-sound waves disinfect. 

Ultrasound (sound waves over 20 kHz) 

may impair cyanobacterial cell structure 

and function [38], and its application to 

reduce blooms has been considered in 

recent decades. High frequencies inhibit 

cyanobacteria better than low frequencies 

[38][39].Bacterial blooms in water bodies 

cause smells, tastes, and poisons. 

Chemical and physical approaches have 

been tried to reduce blooms, however 

contamination and large-scale application 

are issues. Sonication has recently been 

used to suppress cyanobacteria (blue-green 

algae) [40]. Sonication also reduced 

suspended solids (SS), chemical oxygen 

demand (COD), transparency, and total 

phosphate content. Sonication is greener 

than algaecide treatment. 

Polymer and Nano technology 

Ion-exchange process—exchanging ions 

between two electrolytes or solutions—is 

utilized in water treatment.Polymers are 

often employed in water purification as 

membranes or resins. Nitrates in water 

stimulate aquatic plant growth and modify 
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the stream's vegetation and fauna. This 

impacts dissolved oxygen, temperature, 

and other indicators. Ion-exchange 

removes nitrate ions. Nitrate is removed by 

chloride ion-exchange, and the strong-base 

anion resin is totally regenerated in a 

closed circuit using a single-flow fixed- 

bed reactor packed with a Pd–Cu/Al2O3 

catalyst [41].Organic and inorganic ion 

exchangers remove toxic transition metals 

including As, Mn, and Cr from water. 

Calcium, magnesium, ammonium, nitrates, 

bromides, and sulphates may be readily 

removed.Using activated carbon 

adsorbents boosts efficiency. 

Nanotechnology's environmental 

applications have garnered attention. Due 

to their high specific surface area and 

reactivity, nanomaterials make great 

adsorbents, catalysts, and sensors. Silver 

nanoparticles, photo catalytic TiO2, 

fullerol, and carbon nanotubes are among 

the latest nanomaterials that have 

remarkable antibacterial capabilities. 

Nanoparticles may chemically neutralize 

water contaminants. This approach has 

been found to reach contaminates in 

subterranean ponds at a cheaper cost than 

pumping water out of the earth for 

treatment.Water salt or metal removal is 

another issue. Deionization utilizing 

nanofiber electrodes may reduce the cost 

and energy needed to transform salt water 

into potable water. Virus cells cannot be 

filtered. Thus, a few-nanometer-diameter 

filter is being designed to remove virus 

cells from water. Nanoscavengers like 

silver nanoparticles kill germs in water and 

are removed by a magnetic field. 

Nanostructured palladium and gold pellets 

break degrade chlorinated chemicals in 

ground water. These pellets react 

practically every atom with chlorinated 

chemicals, lowering treatment costs. 

Mercury, which harms the nervous system, 

and other dangerous metals in fluids may 

be measured inexpensively and easily 

using a strip of glass coated with hairy 

nanoparticles (nano-hair) [42]. 

Nanocomposites- Thalappil Pradeep, a 

materials scientist at the Indian Institute of 

Technology Madras, and his colleagues 

developed a novel family of 

nanocrystalline metal oxyhydroxide- 

chitosan granular composite materials. 

This cage-like matrix firmly binds 

nanoparticles. Nanoparticles release only 

ions at a regulated pace. Ions destroy water 

microorganisms without nanoparticles. 

“Nanostructured materials can purify 

water from a variety of contaminants”. 

Purifiers cost modest households US$2.50 

per year [43]. 

Carbon nanotubes (CNT)—In recent years, 

CNT has garnered interest for its water 

treatment abilities and effectiveness 

against chemical and biological pollutants. 

CNTs as an adsorbent media can remove 

heavy metals like Cr3+, Pb2+, and Zn2+, 

metalloids like arsenic compounds, 

organics like polycyclic aromatic organic 

compounds (PAH) and atrazine, and 

biological contaminants like bacteria, 

viruses, and cyanobacterial toxins. CNTs' 

physical, cytotoxic, and surface 

functionalizing capabilities make them 

effective biological contaminant 

adsorbents [44].Carbon nanotube (CNT) 

adsorption technique may enhance point- 

of-use (POU) water treatment for bacterial 

infections, natural organic matter (NOM), 

and cyanobacterial toxins. CNTs' fibrous 

form, high aspect ratio, huge accessible 

external surface area, and well-developed 

mesopores make them multifold efficient 

compared to other microporous 

adsorbents. 

CONCLUSION 
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The effects of urbanization and 

industrialisation on drinking water quality 

have been dangerously worsening recently. 

The availability of clean, uncontaminated 

water is becoming an uncommon 

occurrence. Every type of treatment has its 

limits, and to efficiently treat water, a mix 

of treatments is sometimes needed. A 

multitude of innovative, effective, and 

affordable techniques for the purification 

of drinking water have emerged with the 

development of technology. To provide 

higher safety of drinking water, 

purification at the point of entrance and 

usage is seen to be more favorable than a 

centralized system. 
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