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Abstract: Detergents (surface active agents) are chemical substances that are commonly used in the laundry. The use of detergent has 

expanded in recent years in both households and industries, causing several problems in sewage treatment facilities as well as 

hazardous effects on organisms and the environment. In the majority of cases, detergents contain one or more types of surfactants 

whose concentration varies from 10% to 20%. The detergent may be containing anionic, cationic or amphoteric surfactants. Detergent 

surfactants can be discharged into water bodies leading to toxicity to aquatic life. The need to remove such toxic detergent material is 

of great concern. Many methods are available for the removal of detergent from wastewater. However, this review focuses on 

microbial degradation of detergent which might one of the effective and eco-friendly approaches to removing detergent from 

wastewater. May bacteria have been identified as having capabilities to degrade various types of detergents as a part of wastewater 

treatment facilities.  
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INTRODUCTION: 

The term "detergent," derived from the Latin detergent, which means "to wipe off," has been used in the sense of a cleansing agent 

since at least 1676. Natural soap was the only man-made detergent available until the late 1800s. Soap is chemically defined as the 

sodium or potassium (alkali) salts of fatty acids or similar products formed by saponification or neutralization, which involves the 

transformation of triglycerides (fats and oils) or fatty acids with organic or inorganic bases into the corresponding alkali salt mixtures 

of fatty acids [11]. Detergents are amphipathic molecules with polar and hydrophobic groups. A polar group (head) is found at the end 

of a long hydrophobic carbon chain in these molecules (tail). Amphipathic molecules, as opposed to purely polar or non-polar 

molecules, have unique properties in water. Their polar group forms hydrogen bonds with water molecules, whereas the hydrocarbon 

chains aggregate as a result of hydrophobic interactions. These characteristics enable detergents to be soluble in water. In aqueous 

solutions, they form micelles, which are organized spherical structures [6].                                                

Detergents are also known as surfactants because they reduce water's surface tension. Because of their low cost and wide range of 

applications in industry, anionic surfactants are popular additives. A large number of surfactants, specifically anionic surfactants, are 

used in commercial detergents. Sodium dodecyl sulphate (SDS), Sodium lauryl sulphate, Sodium lauryl ether sulphate (SLES) and 

sodium alkane sulphate (SAS) are examples of surfactants. SDS is the commonly used surfactant.  SDS is an anionic surfactant that is 

commonly found in cleaning detergents and commercial products. Its toxicity and environmental pollution are well documented. 

According to research, the biodegradation process using bacteria can control the amount of SDS released into the environment [24]. 

Why we should degrade detergent? Because they act on surfaces, the chemical components of detergents are frequently referred to as 

surface active agents or surfactants. Detergents frequently consist of relatively big molecules, which is a common characteristic of 

detergents (molecular weight over 200g). Both parts of the molecules are soluble in water and in organic substance, respectively. In 
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the past, sulfuric acid was used to create synthetic detergents by reacting an aromatic or benzene-like chemical with it, and then the 

result was neutralized with an alkali to create its sodium salt. But because they were neither soluble nor biodegradable, these 

detergents ended up becoming a public nuisance. In the process outlined above, the aromatic compound was eventually swapped out 

for a so-called linear alkyl-type compound, and the detergent that was created was equally as effective as the earlier type while being 

more biodegradable and soluble [32][38]. 

Detergent degradation is the process in which detergent degrading bacteria are isolated from soil and used for detergent degradation. 

Bacteria are isolated and identified using biochemical tests, morphologically and by colony characteristics from detergent-

contaminated soil. First perform screening and after go for this. The amount of degradation by bacteria was determined using 

Methylene Blue Active Substance assay (MBAS). In this assay detergent is added in the medium and put in rotary shaker at 60rpm 

and measure the absorbance at 625nm for up to 10 days. Because of its low cost, biodegradation is a common method for the removal 

(degradation and detoxification) of detergent. Detergent degradation is typically a combination of processes, including microbial 

degradation, and is influenced by physicochemical properties such as temperature, pH and carbon and nitrogen source [28]. Detergent 

degrading bacteria like Pseudomonas aeruginosa, Escherichia coli, Enterococcus majodoratus, Klebsiella liquefasciens, Enterobacter 

liquefasciens, Klebsiella aerogenes, Enterobacter agglomerans, Staphylococcus albus, Proteus sp., Klebsiella oxytoca and 

Brevibacterium sp. are degrading detergent by Methylene Blue Active Substance Assay(MBAS) [29]. 

TOXICITY OF DETERGENT: 

 Because of its widespread use and negative impacts on living beings, detergent is one of the most important environmental 

problems. Many researchers have looked into the potential toxicity of detergent. Within the various types of surfactants, the 

degrees of toxicity rise as the length of the alkyl chain increases. SDS is hazardous to aquatic species like fish, 

microorganisms like yeasts and bacteria, and mammals, according to studies [31]. 

 Because of its constant toxicity, fast acting, and non-selective nature, SDS is frequently employed as a reference in toxicity 

tests. In comparison to fish, invertebrates are more sensitive to SDS acute toxicity testing. Ecotoxicological effects are 

increased when residual surfactants exceed critical micelle concentrations in subterranean ecosystems or at the water surface. 

SDS, an anionic surfactant, can provide bacteria with a carbon source while also allowing bacteria to breakdown it, despite 

the fact that SDS can be harmful when concentrations are exceeded. Because of its toxicity, SDS concentrations of roughly 

0.0025300 mg/L are dangerous. SDS can also harm aquatic animals, microorganisms, and humans that drink detergent-

contaminated water. In many cases, bioremediation is more cost-efficient and effective than physiochemical approaches for 

removing SDS from the environment [24]. 

 Rats exposed to SDS showed an LD50 of 0.8-1.10 g/kg. Four out of 20 animals died as a result of depression, difficulty in 

breathing, diarrhoea, and a formulation containing 5% SDS [21]. 

 The SDS toxicity mechanism has been very thoroughly studied. Review of the principal target of SDS toxicity on membrane 

structures [35]. 

 Additionally, it has been proposed that SDS triggers alterations in carbon metabolism, increased glutathione synthesis, and 

lipid peroxidation [7][26]. 

 On LAS and SDS, toxicological knowledge is growing. It was demonstrated that 3 hours after LAS was administered 

subcutaneously and orally to monkeys, they regularly vomited [19]. 

 Organ poisoning. It is frequently asserted that SLS enters the bloodstream, accumulates there, and harms the heart, liver, 

lungs, and brain. hair fall: The CIR report1 is another source that claimed to support the idea that SLS can result in baldness 

and hair loss[38]. 

 
CLASSIFICATION OF DETERGENT: 

Detergents are also known as surfactants. Surfactants are frequently categorized according to their application in the business world. 

However, this is ineffective since many surfactants have many functions, which can lead to confusion. Surfactants are classified 

according to their dissociation in water, which is the most widely accepted and scientifically valid method[33].A wide range of 

detergents with various combinations of hydrophobic and hydrophilic groups are now available on the market[6]. Nonionic, anionic, 

cationic, or zwitterionic detergents are the four representative members of the four classes that make up the most fundamental 

classification of detergents. To understand the complexity of detergent structures and characteristics, various different classification 

schemes have been developed. Based on the hydrophile-lipophile balance number, one of the common classes is used (HLB). It 

explains the equilibrium between the hydrophilic and lipophilic portions of a detergent molecule's type and size and establishes a 

detergent's water solubility[25]. 
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1.IONIC DETERGENT 

A detergent is a compound that has the ability to reduce the interfacial tension between two immiscible phases. This is due to the 

molecule's two localized regions, one of which is hydrophilic and the other hydrophobic. The polar or hydrophilic region of the 

molecule can be positively or negatively charged, resulting in cationic or anionic detergent [11]. The head group in ionic detergents 

has a net charge. They can be positively or negatively charged (anionic) (cationic). 

1.1. ANIONIC DETERGENT 

The head group in ionic detergents has a net charge. They are positively charged (anionic). For example, sodium dodecyl sulphate 

(SDS) is an anionic detergent because it contains the negatively charged sulphate group [6]. Many alkyl sulphates are used as 

detergents, but sodium lauryl sulphate is by far the most common (SLS). SLS, unlike soaps, is compatible with dilute acid, as well as 

calcium and magnesium ions. Lower-chain-length compounds, around C12, have better wetting ability, whereas higher-chain-length 

compounds (C16–C20) have better detergent properties. SLS has been shown to have antibacterial properties both in vitro and in vivo 

[11]. 

Table1.1. Examples of anionic detergents [4][18][20][25]. 

NAME OF DETERGENT HEAD GROUP TAIL GROUP MOLECULAR WEIGHT 

Cholate, sodium salt Carboxylic acid Cholesterol derivative 430.6 

Desoxycholate, 

sodium salt 

Carboxylic acid Cholesterol derivative 414.6 

Lauroylsarcosine 

(‘‘Sarkosyl’’), 

sodium salt 

Methylaminoacetate Linear fatty acid (C12) 293.4 

Sodium dodecylsulfate 

(SDS) 

Sulfate Linear hydrocarbon 

alcohol (C12) 

288.4 

Cholic Acid, Sodium Salt, ULTROL® Grade Carboxylic acid Cholesterol derivative 430.6 

Deoxycholic Acid, Sodium Salt, ULTROL® Grade Carboxylic acid Cholesterol derivative 414.6 

               

1.2. CATIONIC SURFACTANTS 

Because of the high pressure hydrogenation reaction that must be carried out during their production, these surfactants are generally 

more expensive than anionics. As a result, they are only utilized in two situations where there's no other option: (1) as a bactericide, 

and (2) as a positively charged material [33]. When dissolved in water, several long-chain cations, such as amine salts and quaternary 

ammonium salts, serve as surfactants; nevertheless, because of their bactericidal action, they are mostly utilized as antimicrobial 

preservatives [11]. 

Table 1.2. Examples of cationic detergents [4][18][20]. 

NAME OF DETERGENT HEAD GROUP TAIL GROUP MOLECULAR WEIGHT 

Cetyltrimethylammonium 

bromide 

(CTAB) 

Quaternary amine Linear hydrocarbon 

(C16) 

364.5 

Dodecyltrimethylammonium 

bromide (DTAB) 

Quaternary amine Linear hydrocarbon (C12) 280.3 

 

1.3.AMPHOTERIC SURFACTANTS 

It is referred to as amphoteric or zwitterionic when a single surfactant molecule displays both anionic and cationic dissociations. Both 

artificial products like betaines or sulfobetaines and naturally occurring compounds like amino acids and phospholipids fall under this 

category. It is referred to as amphoteric or zwitterionic when a single surfactant molecule displays both anionic and cationic 

dissociations. Both artificial products like betaines or sulfobetaines and naturally occurring compounds like amino acids and 

phospholipids fall under this category [27]. In their molecule, amphoteric drugs have at least one anionic and one cationic group. They 

have anionic surfactant detergent capabilities and cationic surfactant disinfecting characteristics. The pH of the media in which they 

are utilized determines their activity. Balanced amphoteric surfactants have been utilized in so-called baby shampoos since they are 

said to be non-irritating to the eyes and skin [11].  
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Table 1.3. Examples of amphoteric detergents [4][18][20][25][5] 

NAME OF DETERGENT  HEAD GROUP TAIL GROUP MOLECULAR WEIGHT 

CHAPS Dimethylammonium- 

1-propanesulfonate 

Cholesterol derivative 614.9 

CHAPSO Dimethylammonium- 

1-propanesulfonate 

Cholesterol derivative 630.9 

ZWITTERGENT® 3-08 

Detergent 

_ _ 279.6 

ZWITTERGENT® 3-10 

Detergent 

_ _ 307.6 

ZWITTERGENT® 3-12 

Detergent 

_ _ 335.6 

ZWITTERGENT® 3-14 

Detergent 

_ _ 363.6 

ZWITTERGENT® 3-16 

Detergent 

_ _ 391.6 

SB-10 Dimethylammonium- 

1-propanesulfonate 

Linear hydrocarbon 

alcohol (C10) 

307.6 

SB-12 Dimethylammonium- 

1-propanesulfonate 

Linear hydrocarbon 

alcohol (C12) 

335.6 

SB-14 Dimethylammonium- 

1-propanesulfonate 

Linear hydrocarbon 

alcohol (C14) 

363.6 

         

2.NON-IONIC SURFACTANTS 

Nonionic detergent has an advantage over ionic surfactants in that they are compatible with all other types of surfactants and are less 

impacted by pH. Furthermore, they are less irritating than anionic or cationic surfactants. Emulsifiers, solubilizers, and wetting agents 

are all made with nonionic surfactants. They're used in the food, cosmetics, paint, insecticide, and textile sectors, among 

others[11].Nonionic surfactants have been utilized as emulsifiers in the manufacturing, cosmetic, pharmaceutical, and food industries, 

as well as textile detergents, foam stabilizers in laundry and dishwashing detergents, and thickeners in liquid detergents and shampoos 

[10]. 

Table 2.Examples of non-ionic detergent[4][18][20][25][34]. 

NAME OF DETERGENT HEAD GROUP TAIL GROUP MOLECULAR WEIGHT 

Big CHAP Gluconamidopropyl 

moieties (2_) 

Cholesterol 

Derivative 

878.1 

Deoxy-Big CHAP Gluconamidopropyl 

moieties (2_) 

Cholesterol 

Derivative 

862.1 

Digitonin Complex 

Polysaccharide 

Cholesterol 

Derivative 

1229.3 

Brij-35 (C12E23) Linear PEG (23_) Linear hydrocarbon 

alcohol (C12) 

1199.6 

C12E8 Linear PEG (8X) Linear hydrocarbon 

alcohol (C12) 

538.8 

C10E4 Linear PEG (4X) Linear hydrocarbon 

alcohol (C10) 

334.5 

C10E6 Linear PEG (6X) Linear hydrocarbon 

alcohol (C10) 

422.6 

C8E4 Linear PEG (4X) Linear hydrocarbon 

alcohol (C8) 

306.4 

C8POE Linear PEG Linear hydrocarbon 

alcohol (C8) 

330 (average) 

Triton X-100 Linear PEG p-(2,2,4,4- 

Tetramethylbutyl) 

Phenol 

630 (average) 

Triton X-114 Linear PEG p-(2,2,4, 

4-Tetramethylbutyl) 

Phenol 

540 (average) 

NP-40 Linear PEG p-(2,2,4, 600 
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4-Tetramethylbutyl) 

Phenol 

(average) 

Tween-20 Polysorbate Linear fatty 

acid (C12) 

1230 

(average) 

Tween-80 Polysorbate Linear fatty acid, 

unsaturated (C18:1) 

1310 

(average) 

b-Dodecylmaltoside b-Glycosidic maltose Linear hydrocarbon 

alcohol (C12) 

510.6 

b-Decylmaltoside b-Glycosidic maltose Linear hydrocarbon 

alcohol (C10) 

482.6 

b-Octylglucoside b-Glycosidic glucose Linear hydrocarbon 

alcohol (C8) 

292.4 

b-Octylthioglucoside b-Glycosidic glucose Linear hydrocarbon 

thiol (C8) 

308.4 

MEGA-8 N-Methylglucamine Linear fatty acid (C8) 321.5 

MEGA-9 N-Methylglucamine Linear fatty acid (C9) 335.5 

MEGA-10 N-Methylglucamine Linear fatty acid (C10) 349.5 

LDAO N-Oxide Linear hydrocarbon 

Amine 

229.4 

 

 

BIODEGRADATION OF DETERGENT: 

The microbial decomposition of organic compounds is known as biodegradation. The biodegradation of detergent and the release of 

carbon dioxide, gas, and water are carried out by soil and aquatic microorganisms. Pseudomonas sp. is the most efficient bacteria for 

biodegrading SDS. Anionic detergent biodegradation begins with alkyl sulfatase, which hydrolyzes inorganic sulphate with alcohol 

before being digested through the metabolic pathway [24]. 

Microorganisms that degrade the detergent. 

 Pseudomonas aeruginosa 

 Escherichia coli 

 Enterococcus majodoratus 

 Klebsiella liquefasciens 

 Enterobacter liquefasciens 

 Klebsiella aerogenes 

 Enterobacter agglomerans  

 Staphylococcus albus 

 Proteus sp. 

 Klebsiella oxytoca 

 Brevibacterium sp. [29]. 

Biodegradation of surfactants is defined as follows, depending on the degradation result: The structural alteration (transformation) of 

a surfactant by microorganisms results in the loss of its surface-active qualities as a result of the degradation of the parent substance 

and concomitant loss of the surface-active property. Ultimate biodegradation occurs when the surfactant is completely consumed by 

microorganisms, resulting in the breakdown of the surfactant into inorganic end-products like carbon dioxide, water, and mineral salts 

of any other elements present (mineralization), as well as new microbial cellular constituents (biomass). Ready aerobic 

biodegradability is an arbitrary classification of surfactants that have passed specific defined screening procedures for final 

biodegradability; these tests are so demanding that it is presumed that such compounds will biodegrade swiftly and completely in an 

aerobic aquatic environment [23]. The Pseudomonas sp. can multiply alkyl sulfatase. Alcohol dehydrogenase converts alcohol to 

acids, which are subsequently used as a sole supply of carbon and serve as substrates in the -oxidation pathway. It is necessary to 

track the growth of the isolates as well as the disappearance of detergent in order to determine the rate of detergent degradation [24]. 

2.TYPES OF DEGRADATION 

The decomposition of organic matter by microorganisms operating in an aerobic or aerobic environment is known as biodegradation. 

Between 50 and 90 percent of these organic materials are used to generate the energy required to support life after being treated by 

microorganisms. Proteins, lipids, and other components of microbial cells are constructed using the remaining carbon content. In 
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general, mineralization products such carbon dioxide, water, mineral salts, and freshly produced biomass are the end results of the 

microbial decomposition of organic compounds. The mineralization of organic molecules used up oxygen from the air, resulting in 

carbon dioxide, water, and mineral salts, among other things. Three forms of surfactant biodegradation are identified based on the 

findings. 

2.1. Primary biodegradation 

The term ‘primary biodegradation’ refers to the structural modification (transformation) of a surfactant by microorganisms that causes 

the loss of its surface-active qualities as a result of the breakdown of the parent substance and subsequent loss of the surface-active 

property [13]. 

 

2.2. Ultimate biodegradation 

The level of biodegradation known as "ultimate biodegradation" occurs when the surfactant is completely utilized by microorganisms, 

leading to its breakdown into inorganic end products like carbon dioxide, water, and mineral salts of any other elements present 

(mineralization), as well as new microbial cellular components (biomass) [13].  

 

2.3. Ready Aerobic Biodegradation 

  

An arbitrary classification of surfactants that have passed specific screening procedures for final biodegradability is known as ready 

aerobic biodegradability; Surfactants disintegrate swiftly and completely in an aerobic aquatic environment during this form of 

degradation [13]. 

 

2.4. Inherent Biodegradation  

 

In intrinsic biodegradation, metabolites (non-surfactants) break down into carbon dioxide and water over the course of 24 days, while 

this time frame may be prolonged to 60 days depending on the environment. Inoculums, surfactants that break down at various 

temperatures, and pre-adaptation of the microorganisms are all options when using a surfactant [36]. 

 

3.DETERGENT DEGRADATION ASSAY: 

3.1. Metheylene blue active substance assay (MBAS) 

12 sterile conical flasks were filled with 50ml of autoclaved mineral media. A loop full of inoculum was introduced along with 2% 

detergent and incubated in a rotary shaker at 31°C for 60rpm. 4ml of this sample, 4ml chloroform, and 4ml methylene blue were 

combined well and left to settle after 24 hours. For up to ten days, the absorbance was measured at 625nm. The amount of residual 

surfactant in the solution is determined by the absorbance measured [29]. 

Percentage of degradation=At-Ai × 100 

                                At 

Where, 

At=control absorbance 

Ai=test absorbance [28]. 

3.2. Methylene Blue Photometric Assay  

TSA medium was initially used to sustain cultures. When the bacterial count reached 109-1010 cells/ml, the bacteria from TSA were 

injected into TSB and incubated on a rotating shaker at 31 °C. The absorbance at 540 nm was then measured to calculate the bacterial 

count. To test for surfactant degradation, this was employed as the inoculum for three TSB conical flasks. The first flask was used as a 

"blank" and contained 1 ml of inoculum and 99 ml of TSB but no surfactant. The second flask, which acted as the experimental flask, 

contained 99 ml of TSB with 1 percent surfactant and 1 milliliter of inoculum. The third flask, which served as the test standard, 

contained 100 ml of TSB with 1 percent surfactant but no inoculum. For 24, 48, and 72 hours, the flasks were incubated in the shaker 

at 31 °C. At intervals of 24 hours, 3 ml aliquots from each flask were taken, 3 ml of chloroform and 3 ml of methylene blue were 

added, and the flasks were constantly shaken for 30 minutes. Using the Methylene Blue Photometric Assay at 652 nm, samples were 

evaluated for surfactant degradation (SD) after 24, 48, and 72 hours. A cationic dye is methylene blue. Methylene blue and other dyes 

that partition in chloroform are bound by anionic detergents with the help of surfactant; the absence of dye-surfactant binding 

indicates degradation. Methylene blue is left in the aqueous phase because the degraded surfactant is unable to bind it. The extent of 

dye degradation is shown by the amount of dye in the chloroform layer [30][22]. 
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APPLICATION OF DETERGENT: 

 Sodium dodecyl sulphate (SDS) is used in a variety of industries, including textiles, paints, and paper. In the semiconductor 

industry, buffered solutions (BHF) are routinely employed during the cleaning and etching of silicon wafers. Because this 

solution requires a mixture of varying concentrations of HF and NH4F, SDS is added to the acidic solutions to reduce 

particle adherence on the water surface. However, the use of SDS in industry may result in a greater degree of harmful waste 

[3]. 

 To remove organic debris, sodium dodecyl sulphate (SDS) can be extracted or washed in the soil. As a result, SDS, which 

works as an auxiliary agent, can be used to remediate water and soil [9].  

 When bacteria and fungi come into contact with water in a water treatment plant, sodium dodecyl sulphate (SDS) has good 

biocidal activity. It can also be used for disinfecting purposes [8]. Because of its bactericidal effects, SDS can inhibit the 

growth of some nitrogen-fixing cyanobacteria [14].  

 Because of the existence of SDS in the genetic engineering field, crop performance can be increased when it is stressed. 

Furthermore, due to SDS's greater CMC, it can wash away heavy metals. SDS can bind heavy metals due to the sulphur-

containing groups in its molecules. Because SDS serves as a dispersing agent, detergents containing it can avoid flocculation 

[24]. 
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