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ABSTRACT

Water contamination is a serious problem of current times that needs the immediate attention of mankind. 
With every passing day, the emergence of a variety of unaddressed contaminants poses a serious threat not only 
to mankind but also to the environment. Among the common contaminants are heavy metals, microorganisms, 
agricultural and pharmaceutical waste, radioactive elements, and industrial waste. Among these, surfactants are 
used widely by industries as well as households,  have attracted the attention of agencies due to their inherent 
features/properties. Due to their specific chemical structure surfactants consisting up of a hydrophobic and 
hydrophilic part are difficult to degrade by environmental processes. Their presence in the soil and water adversely 
affects the species surviving in the near vicinity. Long-term consumption of surfactants contaminated water leads 
to serious consequences. It has become the need of the hour to devise a suitable technologies for degradation of 
surfactants. This paper gives a detailed account of surfactants, their applications/ uses, environmental impacts, 
techniques for surfactant degradation, and other mechanisms, current scenario along with future recommendations. 
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 1.  INTRODUCTION
Water is a substance containing inorganic, odorless, 

tasteless, transparent, and almost colorless chemical 
substance which creates the majority of the fluids and 
the hydrosphere of all known living things of Earth.
It can be said to be a necessary constituent for all the 
known life forms. In recent times, water pollution is a 
serious global environmental concern. 

Our rivers, lakes, reservoirs, groundwater, and aquifers 
are all affected by water pollution, not to mention the seas 
and oceans that span the bulk of our world. However, not 
all types of water contamination are caused by the same 
thing. The water body is polluted mainly by surfactants in 
two distinct ways, natural and anthropogenic. So, in this 
review, we will discuss only the anthropogenic method 
of water pollution by surfactant. For example, pollution 
caused by chemicals, groundwater pollution caused by 
microbes, pollution of nutrients, pollution that depletes 
oxygen, and pollution of surface waters are the major 
reasons for water pollution and surfactant is one of the 
major pollutants1.

Surfactants are one of the most common and 
harmful pollutants found in both aquatic and terrestrial 
environments. Surface-active agents, or surfactants, 
are amphiphilic compounds. It has a polar head region 
and a non-polar tail region. Molecules which possess 
both hydrophobic and hydrophilic regions are known 
as amphiphilic molecules. So, it is also an amphiphilic 
molecule2. But we can’t remove surfactants from our daily 
life due to their physicochemical properties3. These are 
compounds that lower water’s surface tension, making 
the molecules less likely to stick together and more 
likely to interact with oil and grease. They’re found in 
a wide range of cleaning products. Surfactant buildup 
in nature, in the other hand, is a major problem for 
environmental sustainability and a healthy ecosystem. 
Anionic, semi-polar, amphoteric, non-ionic, and cationic 
surfactants are the five types of surfactants available on 
the market, depending on the kind of modification on 
hydrophilic groups4. Surfactants for example LAS (linear 
alkylbenzene sulfonates) and ethoxylates of lauryl alcohol 
(LAEs)could not be determined earlier but this review 
states the detection methodology using mass spectroscopy 
with the reference from Motteran, et al. such analytical 
technique with its method of detection of the surfactants 
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have been discussed in this review. Finally, surfactants 
are a growing market, with annual growth rates of  
3 per cent to 4 per cent on a global scale. The global 
use of surfactants is approximately 9.3 million tonnes. 

When compared to other synthetic organic compounds, 
such as plastics, this is a small amount (about 110 
MT worldwide). Nonetheless, it seems worthwhile to 
examine the surfactant product group because it is one 
of the few areas where good know-how on the use of 
bio-based sources is accessible due to present practices. 
Furthermore, the technological obstacles to increasing the 
market share of renewable resource-based products are 
likely to be minimal. The worldwide surfactants market 
was worth $41.3 billion in 2019 and is predicted to 
increase at a CAGR of 5.3 per cent between 2020 and 
2027, reaching $58.5 billion by 2027. The anionic and 
non-ionic groups make up most surfactants generated 
and account for roughly half of the total volume. The 
market share of different surfactants is shown in (Fig. 1).

The remaining surfactant kinds are made in far 
smaller quantities. In terms of manufacturing volume 
and captive use, non-ionic, particularly ethoxylates, have 
surpassed anionics. The applications of surfactants are 
depicted in Fig.2.

Usually, surfactants reduce interfacial tension and 
stabilise foams. They are often found in detergents, 
dishwashing liquids, shampoo, pesticides, and other 
consumer goods. Surfactants have a wide range of 
industrial applications, all of which are quite useful. 
Table 1 depicts some applications and risk of surfactant 
is shown.

Surfactants (surface-active agents) are mixed with 
other ingredients such as builders (e.g., tripolyphosphate), 
boosters, auxiliary compounds, and so on. The effects 
of the surfactant in a detergent composition have gotten 
the most attention in terms of environmental concerns5.

The residual surfactants are discharged directly into 
surface waterways or sewage systems after use, and 
the majority of them end up in sediment, water, and 
soil. The harmful effects of surfactants on a variety of 
aquatic animals are well known. While the concentration 
of surfactant in water is too high, surfactants such as 

ethylene glycol monostearate enter the blood, kidney, gills, 
blood, gallbladder, kidney, and liver, poisoning the aquatic 
lifeforms. This review paper discusses surfactants, their 
applications/uses, environmental implications, surfactant 
degrading processes, and other mechanisms, as well as 
the current situation and future suggestions6.

1.1 Characterisation of Surfactant
Surfactants are compounds that form high-resolution 

self-assembled molecular clusters known as micelles 
that absorb to the interface between an organic and an 
aqueous component. A surface-active agent should contain 
a chemical with two completely distinct beneficial teams 
with varied affinities at consistent molecule intervals to 
highlight these two physical qualities. The molecules of 
surface-active agents also feature a helpful cluster known 
as the deliquescent cluster, which has a strong affinity 
for water. Associate in nursing amphiphilic structure is a 
small structure with two competing functions. Depending 
on the polarity of the head group, surfactants are classified 
as anionic, nonionic, cationic, or amphoteric. Surfactant’s 
chemical structures are shown in Fig.3.

 
1.1.1 Anionic Surfactant

 An anionic surfactant’s hydrophilic component as 
a negative charge. Surfactant molecules are aided in 
raising and suspending soils in micelles by the charge. 
Because anionic surfactants can handle a wide range of 
soils, they are used in soaps and detergents.

Anionic surfactants are the most important surfactant 
used in laundry detergents: Soaps are a type of soap that is 
used to clean the body. At low concentrations, the anionic 
surfactant can be found in both polar and non polar liquids 
in monomeric form. They form regular aggregates at higher 
concentrations (critical micelles concentration, CMC) (micelles)3. 

- LAS which is the main example of Sulfonate of  
  alkylbenzene
- Alkyl ether sulfates (AES)
- Alkyl sulfates (AS) 
- The compound of the secondary methane series is  
  called Sulfonate.

The cationic surfactants (cetyl trimethyl ammonium 
bromide, CTAB) and sodium benzene dodecyl sulfate (SDS) 
had a substantial impact on the chymotryptic degradation, 
dissociation, and the enteral absorption of an insulin 
hexamer, but Tween80 and polyoxyethylene lauryl ether 
had no effect. Anionic surfactants can generate micro-
emulsions with a variety of chlorocarbons, increasing their 
water solubility. In Japan, synthetic anionic surfactants 
known as LAS have virtually replaced US soap. Linear 
LAS has excellent detergency properties, and because of 
their high solubility, they are widely utilised in liquid 
detergent compositions. LAS, like soap, is susceptible 
to water hardness; the detergency performance of LAS 
decreases as water hardness rises.

Sales

Washing & 
Cleaning 40%

Chemical 
Processes 15%

Figure 2. Distribution of surfactant production by field of 
application
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Common name Abbreviation Class Application Risk Reference

Linear alkylbenzene sulphonic 
acid

LAS

Anionic

Personal care products 
and detergent formulation

Non-conservative 
conduct

[47]

[48]

[49]

[50]

[51]

Sodium dodecyl sulfate SDS - -

Alkyl sulfate AS - -

Sodium lauryl sulfate SLS - -

Alkyl ethoxy sulfate AES - -

Quaternary ammonium 
compound

QAC

Cationic

Fabric softeners, 
disinfectants, hair 
conditioners, cosmetics, 
biocides, and wetting 
agents are all used in the 
textile sector.

Very toxic in the nature

Benzalkonium chloride BAC - -

Cetylpyridinium bromide CPM - -

Cetylpyridinium chloride CPC - -

Hexadecyltrimethylammonium 
bromide

HDTMA - -

Amine oxide AO Amphoteric - -

Alkylphenol ethoxylate APE Nonionic
Wetting agent, detergent, 
and emulsifier

Nonyl-/
octylphenolethoxylates 
(degraded and converted 
compounds) are 
hazardous and persistent 
in the environment.

Alcohol ethoxylate AE - -

Table 1. Surfactant use and its venture into the environment
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corneal epithelial cells of the rabbit was non-ionic  
< amphoteric = anionic <cationic, according to another 
cytotoxicity test. Although it is known that non-ionic 
surfactants reduce the negative effects of anionic surfactants, 
which is the chemical basis for these phenomena, that is 
yet to be established. The water ozonation effect on the 
breakdown of cationic, anionic, and nonionic surfactants 
has been studied extensively. In the 1990s, a new form 
of a non-ionic surfactant called NMG was introduced into 
detergents. They’re becoming more common in powder 
and liquid detergent compositions as co-surfactants. 
When coupled with an anionic surfactant, APG along 
with a hydrophobic alkyl chain and sugar derivates that 
are hydrophilic have different lathering capabilities. 
Because of its advantageous foaming properties, APG 
is extensively used in liquid, special, and dishwashing 
detergents.

Figure 3. Chemical structure of some common surfactant.

1.1.3 Cationic Surfactant 
Cationic surfactants can be stated as a quaternary 

ammonia compound with surface-active molecules that are 
positive by charge (e.g., alkyl-dimethyl dichlorobenzene 
ammonium, dequalinium, benzalkonium, benzethonium, 
methyl benzethonium, cetyl pyridinium, and phenamylinium 
chlorides, cetrimonium, and cethexonium bromides). 
Cationic surfactants are utilised in detergent compositions 
as fabric softeners during the washing process. Quaternary 
nitrogen compounds are the most significant as Imidazoline 
derivatives.

Because of its high-pressure hydrogenation process 
which is to be carried out during the synthesis process, 
these surfactants and often more expensive than anion zs. 
As a result, they are only used in two situations where 
there is no cheaper alternative, namely as bactericides and 
as positively charged substances capable of adsorbing on 
negatively charged substrates to produce anti-static and 
hydrophobic effects, which are often of great commercial 
importance, such as corrosion inhibition5.

1.1.4 Amphoteric Surfactant
When a single surfactant molecule contains both 

anionic and cationic dissociations, it’s termed amphoteric 
or zwitterionic. This category includes synthetic molecules 
like betaines and sulfobetaine, as well as natural chemicals 
like amino acids and phospholipids.Some commonly 

Figure 4. Schematic representation of non-ionic surfactant.

Alcohol Ethoxylates (AE)       Alkylphenol Ethoxylites (APE)

1.1.2 Nonionic Surfactant 
  Because of their hydrophilic group, non-dissociable 

surfactants like alcohol, phenol, ether, or amide do not 
ionize in solution. A great majority of non-ionic surfactants 
are hydrophilic because they include a polyethylene 
glycol chain which is formed by polycondensation of 
ethylene oxide. Because of the presence of a lipophilic 
group, it is often of the alkylbenzene or alkyl kind, 
with the derivation from natural fatty acids the former 
is formed. In contrast to polyethylene oxide, propylene 
oxide polycondensation produces a somewhat hydrophobic 
polyether. This polyether chain is employed as the lipophilic 
component in poly EO poly PO block copolymers, which 
are mostly classified as polymeric surfactants, which 
will be discussed later4.

The trend toward washing at variations and lower 
temperatures within the production shares of various 
fibers has corresponded with the rising use of non-ionic 
surfactants in detergent compositions. The most common 
nonionic surfactants include alcohol ethoxylates (AE), 
fatty acid alkanolamides (FAA), Alkylamine Oxides (AO), 
Alkypolyglycosides (APG), Alkylphenol ethoxylates (APE), 
and n-Methylglucamides (NMG) as shown in Fig. 4

They are utilised in laundry detergents, home cleansers, 
and hand dishwashing solutions since they’re great at 
removing oil. The inclusion of a polyethylene glycol 
chain, generated through polycondensation of ethylene 
oxide, makes a high fraction of these non-ionic surfactants 
hydrophilic. A non-ionic surfactant is perhaps the most 
employed in medication delivery applications. Polyolesters, 
polyoxyethylene esters, poloxamer, and pluronic (also 
termed poloxamer) are examples of Nonionic surfactants. 
Run Batch tests were run to see how surfactants affect 
PCP degradation rates in Sphingomonaschlorophenolicum 
strain RA2 as a function of surfactant type, concentration, 
and temperature. By attaching to different proteins and 
phospholipid membranes, non-ionic surfactant extracts 
antibacterial action.

Nonionic surfactants are less hazardous than 
cationic, anionic, and amphoteric surfactants. The 
order of cytotoxicity of surfactant determined on the 
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used surfactants and their chemical structure are given 
in Fig.56.

Several new cationic surfactants are being developed 
right now. Even in cold water, quaternary ammonium 
salts derived from long-chain guerbet alcohol create 
lamellae liquid crystals that are easily adsorbed onto 
hair.  Surfactant-containing aminoguanidine cations and 
methylene groups as spacers between the amide and 
guanidine groups are employed to provide conditioning 
and great moisturising qualities even in low-humidity 
settings. Submissions to add shine, quaternary ammonium 
compounds have been combined with amine oxides and 
alkyl betaines, as well as hydrocarbons and vegetable oil.

2.  EFFECT OF SURFACTANT ON ENVIRONMENT
The previous studies suggest about considerable 

amounts of surfactants and their products that are broken 
down are deposited in several environmental compartments, 
including terrestrial and aquatic compartments, due to 
their extensive usage7. In terrestrial compartments, sewage 
sludge and agrochemicals can introduce surfactants into 
soils. Sludge is increasingly being used as plant fertiliser 
on agricultural grounds. Table 2 shows study findings on 
toxicity for terrestrial compartments. During subsequent 
treatment, most surfactants are aerobically biodegraded. 
Sludge might be utilised to remove a substantial amount 
(16% – 36% in LAS to above 89% for the maximum of 
nonylphenols, hydrophobic).

After anaerobic digestion, sewage sludge is frequently 
utilised in agriculture. Sludge has the potential to contaminate 
soils, groundwater, and rivers nearby. The emergence and 
spread of surfactants in soil caused by sewage sludge 
application pose a possible ecotoxicological danger. The 
surfactant can be acquired from the ingestion of seafood 
or drinking water. Their ability to bind with existing 
proteins in the human liver and serum may cause long-
term concerns regarding their metabolic consequences. 

Figure 5. Commonly used amphoteric surfactant.

“Sewable sludge in agricultural water poses a risk to 
groundwater and neighboring rivers,” according to the 
study. In the aquatic compartments, efficient treatment 
of water facilities will result in extremely low levels of 
surfactant being discharged into the environment; yet 
the enormous release of these chemicals present a risk 
to a wide range of aquatic ecosystems. It is seen that 
cationic surfactants were shown to be more hazardous 
than non-ionic and anionic surfactants. On Dunaliella 
sp., a unicellular green alga, the detrimental effects 
of LAS and three QACs were detected. QACs have a 
strong biological activity. The action of this family of 
cationic surfactants against diverse aquatic bacteria has 
been extensively researched. Furthermore, QAC has the 
potential to reduce biological activity in water treatment 
plants8.

Aerobic biodegradation is the most common breakdown 
mechanism in freshwater sediments. Sediment formation, 
transport, and erosion are all part of the dynamic processes that 
occur in rivers. If organic molecules that are biodegraded by 
aerobic bacteria pollute groundwater, it might turn anaerobic.  
In Table 3 the toxicity for aquatic compartments on 
different test organisms is shown.

The entry of surfactants can be from the environment 
via effluents industrial products, agrochemicals, and 
residential activities, causing environmental harm. Personal 
care wetting agents, products, emulsifiers, detergents, and 
softening of cloth or coating, paper, and carpets are some 
examples of agrochemicals, while personal care products, 
emulsifiers, wetting agents, and detergents are examples 
of industrial items that contribute to surfactant-assisted 
pollution. Surfactants are released into the environment 
by routine home operations such as laundry, disinfection, 
and fumigation. Surfactant fate, dispersion and persistence 
in the surrounding which is heavily influenced by the 
sorption and bio/photodegradation9.

These processes are influenced by environmental 
factors like temperature, pH, and salinity. Surfactants and 
their breakdown products are commonly received in high 
quantities by municipal wastewater treatment facilities; 
however, following secondary treatment, surfactants and 
their degradation products are discharged in low amounts. 
Converted products include nonylphenol ethoxylates, 
octylphenol ethoxylates, sulfophenyl carboxylic acids 

Test 
organisms

Analyte Parameter
Mean value 
(mg/L or 
mg/kg)

 Reference

Bush 
beans, 
radish, and 
grasses

LAS

27

           [52]
Potatoes

NOEC/76 
days

16

Sorghum 167

Sunflower
EC50/21 
days

289

Mung bean 316

 Table 2. Toxicity for terrestial compartments on different test
 organisms
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Test 
organisms

Analyte Parameter

Mean value 
(mg/L or mg/
kg)

References

Daphnia 
Magna

Diethyl ester dimethyl 
ammonium (DEEDMAC)

LC50/24 h 14.8

         [52]

Tetradecyl trimethyl 
ammonium bromide 
(TMABr)

IC50/24 h 0.14

BDSM 0.13

LAS 1.22-13.9f

NPEO9 LC50/48 h 14

Nonylphenol (NP) 0.19

Dunaliellasp.
(green alga)

TMAC EC50/24 h 079

LAC 3.5

TMAC 1.21

LAS 3.63

Salmo 
gairdneri 
(rainbow 
trout)

Fatty alcohol sulfates (AS) 33.61

Alcohol ethoxy sulfates 
(AES)

10.84

C12EO6 22.38

OPEO6 6.44

Tetradecyl trimethyl 
ammonium chloride 
(TMAC)

8.24

AS 40.15

Gambusia 
affinis
(mosquito 
fish)

AES EC50/48 13.64

C12EO6 29.26

OPEO6 9.65

TMAC 3.58

AS 38.04

Carassius 
auratus
(gold fish)

AES 12.35

C12EO6 28.02

Table 3. Toxicity for aquatic compartments on different test organisms



110

DEF. LIFE SCI. J., VOL. 7, NO. 2, APRIL 2022

and nonylphenol carboxylic acids. NPEOs (octylphenol 
ethoxylates or nonyl) are more dangerous than their 
forerunners of alkylphenol forerunners (APs). Several 
studies have discovered that toxic surfactants have major 
ecological and health implications on people, other animals, 
microorganisms, soil fauna, crustaceans and terrestrial 
plants. Surfactants have long been recognised to affect a 
range of aquatic creatures. Non-ionic surfactants produce 
toxic surfactants like ethylene glycol monostearate. 
Surfactant poisoning occurs when the quantity of surfactant 
is too high in water, allowing its entrance into entering 
the blood, kidney, gills, pancreas, gallbladder, and liver, 
resulting in poisoning for the aquatic animals.

The most essential elements for analysing the 
environmental risks connected with commercially available 
surfactants are biodegradability or photo adsorption 
effectiveness and toxicity behaviour. Surfactant foaming 
and sedimentation, for example, affect water quality by 
self-cleaning river capacity and reducing air or water 
oxygen transfer to varying degrees depending on the 
surfactant class. Surfactants also make persistent organic 
pollutants (POPs) more water-soluble, and the ensuing 
aerosol and surfactant products have a significant impact 
on the environment and climate. The physiological and 
biochemical impacts of LAS on aquatic animals damage 
cell membranes, decrease metabolism and growth and 
cause the breakdown of the chlorophyll protein complex.

The toxicity tests utilised in the procedures include 
Daphnia IQ Test, Daphtoxkit F, Rotokit F/M, etc. The 
toxicity of surfactants was shown to be influenced by 
physicochemical features of water (i.e., pH, suspended 
matter, DO), surfactants (i.e., surfactant absorption 
capacity and type and concentration), and the biological 
factors (i.e., surfactant absorption capacity and type 
and concentration) (sensitivity between species and 
their acclimatisation and the age and type of species). 
The median effective concentration (EC50) and median 
growth inhibition concentration (IC50) on animals, plants, 
and microorganisms, respectively are used to assess 
surfactant toxicity.

Surfactants can limit microbial growth while 
simultaneously boosting mutation and death. Nonylphenol 
ethoxylates (NPEOs) for example can disturb microbial 
growth and nitrification processes by decoupling energy 
production. Anionic surfactants disturb the microbiological 
functions and internal structures such as competitive 
stress, environmental resistance, reproduction, and growth. 
Surfactant absorption by a microbe can depolarise the 
microbial cell membrane, oxygen intake, limiting nutritional 
absorption and the release of toxic metabolites. Certain 
surfactants have major health repercussions for humans 
when consumed or consumed through contaminated food.

Surfactants have been related to skin irritation, 
as well as ocular and respiratory problems in humans. 
Carboxylates and Alkylphenol ethoxylate impede the 
penetration of therapeutic compounds below the surface. 
Surfactants like LAS harm and change the structure of 
the root cell membrane. As a result, nutrient and water 

transpiration and transfer were impeded. Surfactants 
and their breakdown products provide a significant 
environmental risk; hence their amounts must be measured 
in environmental matrices10. The analytical technique for 
various surfactants has been shown in (Table 4).

3.  REMEDIATION METHODS 
3.1 Physical Methods
3.1.1 Adsorption

Adsorption is a process that involves the surface 
area of a substance and involves the adherence of ions, 
atoms, or molecules of a gas, liquid, or dissolved solid to 
a surface. Because of its efficacy in surfactant removal, 
it is the most widely used physical approach. Nowadays, 
activated carbon, nanomaterials, zeolites, clay and resin 
are all being used as adsorbents. However, because of 
their high costs, the usage of these adsorbents is limited. 
Activated carbon is by far the most effective adsorbent 
material. On the other hand, it is frequently a difficult 
task to develop. In recent years, there has been a lot of 
effort in producing environmentally friendly, low-cost, 
and high-efficiency adsorbents as alternatives to activated 
carbon11. One interesting technique for overcoming the 
limits of employing adsorption to remove surfactants 
from wastewater is to manufacture green adsorbents 
from waste materials. It was hoped that by using these 
materials, waste management would improve, and economic 
growth would result. These materials can be used as - is, 
unmodified or modified adsorbents, or in conjunction with 
other surfactant removal methods12. Despite the potential 
benefits of employing green adsorbents, further research 
into the socio-economic and technological elements of 
the matter is needed. The greatest removal efficiency 
is influenced by these two criteria. Furthermore, the 
efficacy of this procedure is dependent on the mechanism 
utilised. The effect of surfactant removal efficiency on 
surfactant composition and physicochemical properties 
of nanomaterials has been extensively researched. CNT 
with more porosity and a larger surface area has been 
proven to be more efficient. Furthermore, the quantity 
of carbon nanotubes required to attain optimal efficiency 
has a limit. The performance of carbon nanotubes in 
terms of removal is governed by their outer diameter 
and functional groups13. Multiwalled carbon nanotubes 
effectively removed an ionic and non-ionic surfactants, 
whereas cationic surfactants were scarcely removed. 
However, the ability of cationic surfactants to remove carbon 
nanoparticles is highly dependent on the nanomaterials’ 
physicochemical qualities as well as the composition of 
the cationic surfactant. Figure 6 depicts the adsorption 
system14. 

3.1.2 Foam Fractionation
To remove surfactants from wastewater, foam 

fractionation is a potential technology as shown in  
Fig. 7. Surfactants are therefore isolated from contaminated 
water based on changes in mass concentration. The 
employment of nanoparticles in the stabilisation of foam 
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Low-cost and simple foam fractionation is one 
potential approach for recovering and removing surfactants 
from wastewater. The foam fractionation column, which 
can be single or multi-stage, can work in a batch or 
continuous mode. On the removal of anionic surfactants, 
feed flow rate, duration, the effects of airflow rate, foam 
height, and liquid height have been thoroughly researched  
(e.g., sodium dodecyl sulfate). Foam is a good medium for 
surfactant adsorption because of its large specific surface 
area and low interstitial liquid. Despite the extensive 
research on foam fractionation, efforts to commercialise 
it have yet to be realised. As a result, further research is 
needed to scale up and commercialise foam fractionation16. 

3.2 Chemical Methods
Chemical remediation is a viable solution to removing 

surfactants from waste streams. In practice, surfactant 
remediation using chemical technology results in the 
production of useful products like carbon dioxide, nitrogen, 
and water. Chemical treatments come in a variety of 
forms and variations17.

3.2.1 Coagulation
It’s an effective strategy. This technology, which 

is based on iron and aluminum compounds, cleans 
extremely contaminated cosmetic effluent. Due to the 
bigger quantities and more diversity produced from sludge 
containing aluminum, aluminum-based coagulants function 
well. Coagulation is occasionally used in conjunction 
with other techniques including air flocculation and 
Fenton processes. For the removal of contaminants in 
high concentrations, coagulation-flocculation is very 
successful18. 

According to the study, the Fenton procedure, on 
the other hand, had the lowest removal efficiency when 
compared to the other listed techniques. The efficiency of 
the coagulation process is also influenced by the choice of 
coagulants. If the coagulants are not properly disposed of, 
they usually produce additional waste. As a result, more 
effort must be made into developing coagulants capable 
of selectively extracting raw surfactant from water and 
recovering it excluding polluting the influent19. (Fig. 8)

3.2.2 Advanced Oxidation Processes
When treating refractory surfactants from water, it is a 

viable remediation approach. Surfactant cleanup techniques 
include electrochemical, electro-Fenton, electroperoxide, 
and UV light irradiation. These techniques have several 
benefits over standard chemical processes, including 
the absence of carcinogenic chlorinated compounds and 
pathogenic bacteria20. Table 5 shows reactive species 
for the different advanced oxidation processes. Figure 9 
shows the schematic for the Advanced oxidation process

3.2.3 Electrochemical Advanced Oxidation Processes
Electrochemical advanced oxidation procedures are 

one of the alternative remediation options for anionic 
surfactants (EAOPs). Electrochemistry methods are used 

Figure 6. Adsorption system.

Surfactant Technique Detectors References

Methylene blue 
active substance 
(MBAS) and 
disulfide blue 
active substance 
(DBAS)

Potentiometry 
titration

UV-Vis
[53]

Linear 
alkylbenzene 
sulfonates (LAS) 
and lauryl alcohol 
ethoxylates 
(LAEs)

Gas 
chromatography

Mass 
Spectroscopy

[54]

Polyfluorooctane 
sulfonate (PFOS)

Liquid 
chromatography 
(LC)

UV [55]

Linear alkyl 
benzenesulfonates 
(LAS)

High-
performance LC

ELSD [56]

Octylphenol 
ethoxylates 
(OPEOs) and 
lauryl alcohol 
ethoxylates 
(LAEs)

Supercritical 
fluid 
chromatography 
(SFC)

MS [57]

Octylphenol 
(hapten)

ELISA 
(biological 
technique)

Monoclonal/
polyclonal 
antibody

[58]

Table 4. Reactive species for different Advanced oxidation 
processes (AOP)

has led to advancements in the cleanup of surfactants 
from wastewater using this method. Foam properties 
are influenced by dual important factors: foam stability 
and formability. The increase in viscosity caused by 
activated silicon nanoparticles SNP harmed formability. 
Air entrainment will be hampered, and bubble formation 
will be reduced if the viscosity is high. As a result, the 
efficiency of surfactant removal will be reduced15. 
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to break down refractory surfactants from wastewater 
in this procedure. EAOPs are thought to be safe and 
environmentally friendly. The absence of chemicals in 
the procedure ensures its safety. This approach uses the 
transfer of electrons between the electrodes to break down 
toxic surfactants by generating hydroxyl radicals21. In all 
three procedures, increasing the applied current enhances 
COD (representing surfactant) efficiency to remove. It 
has been observed that a high electric current boosts 
the formation of BDD (OH) at a faster and larger rate. 
As a result, the surfactant molecules in the system can 
easily be oxidised. Increases in applied current density, 
on the other hand, result in unfavorable high energy 
consumption. When comparing the energy consumption of 
the three processes, the EF method uses the least amount 
of energy and has the highest current effectiveness. This 
is the case because both the radicals produced by the 
EF method destroy the organic molecule22.

3.2.4 The Anaerobic/Oxic Method
It is also used to eliminate surfactants. The process 

is separated into six compartments, two of which are 
anoxic and four of which are oxic. Surfactant elimination 
is dependent on the anoxic treatment compartments. 
However, seasonal fluctuations in the location or nation 
in question have a significant impact on the removal 
efficiency of this operation23,24. However, information about 
the nature of the intermediates and products employed 
in this technique is still limited in the literature25.

3.2.5 Sonoreactor
The use of a sonoreactor is to remove waste water. 

It has several uses, including environmental friendliness, 
ease of operation, low chemical consumption, no sludge 
production, and no by-products26. The schematic of the 
sonoreactor is shown in Fig. 10. It is also an effective 
advanced oxidation treatment technology because of its 
minimal operating and maintenance costs27. In theory, this 
reactor works on the principle of free radical generation28. 
According to current research, LAS deterioration 
accelerates with time. In contrast, increasing the initial 

LAS concentration lowers the rate of LAS elimination. 
Increasing acoustic power, on the other hand, causes LAS 
to degrade faster29. This is due to the possibility of a 
response in the sonoreactor’s cavitation30. High acoustic 
power, on the other hand, meant more energy32. As a 
result, a balance between efficiency and energy cost 
must be maintained.

3.3 Biological Methods
The advantages of biological treatment include 

decreased operating costs and the use of environmentally 
friendly procedures. Microorganisms such as algae, fungus, 
and bacteria are used to break down big molecular 
weight chemicals into smaller ones. Long operating 
times, inability to cure hazardous materials, and high 
surfactant concentrations are some of the disadvantages 
of biological treatment procedures33. As a result, the 
system suffers from biomass death.

3.3.1 Biodegradation
Surfactants are mostly destroyed in the environment by 

microbial activity34. The chemical structure of the surfactant 
and the physicochemical characteristics of its surrounding 
medium are the most important factors in biodegradation35. 
Synthetic surfactants, as well as any of their breakdown  
by-products, have some health and environmental 
consequences36. Because of the harmful effects on aquatic 

life and the potential to alter hormonal systems in these 
aquatic creatures, these impacts are considered major 
issues37.

A biodegradable surfactant is commonly referred 
to as LAS38. Biodegradation values of 97 per cent to 
99 per cent have been reported in some WWTPs that 
employ aerobic processes39. APE, on the other hand, 
has estimations ranging from 0 to 20 per cent based on 
oxygen consumption from 0 to 8 per cent with the help 
of spectroscopic techniques40.

3.3.2 Sulfonation
It is one of the surfactant degradation processes. 

Sulfur trioxide and sulfuric acid are mixed to generate 
benzenesulfonic acid in a reversible process. The method 

Figure 8. Coagulation process for surfactant removal.

Figure 7. Foam fractionation. 

Precipitate and trapped 

impuratiessettle to bottom
Neutralized particle 

with no double layer
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Figure 9. The schematic for the Advanced oxidation process.

Hydroxyativedesulphonation: 

RS H O ROH 2HO H23
++ = +             

 Monooxygenase catalysis under acid conditions: 

RSO H O 2NADH ROH H O 2NAD3 2 2
++ + → + +                                     

                                                       
Reductive desulphonation:

RSO H NADH H RH NAD H SO3 2 3
+ ++ + = + +

3.3.3 Beta-oxidation and Omega Oxidation
      (-oxidation)

During surfactant breakdown, it is the L-oxidation 
and g-oxidation of the alkyl chain reaction pathways as 
shown in Fig. 11 

Some of the drawbacks of traditional biological 
treatment technologies are being addressed by advanced 
technologies that combine a variety of different processes44. 
According to current research, TAMR can tolerate high-
stress conditions and block high surfactant concentrations45. 
In addition, combining these three techniques improves 
surfactant removal. However, in terms of cost, TAMR 
+NF is the best option. Ultra filtration, which allows 
the reactor to store biomass and treat huge quantities of 
the target surfactants, can also increase the efficiency 
of the thermophilic aerobic reactor46.

AOP Reactive species References

Ozone treatment O3

..OH, HO2
. , HO3

. ,   
O2

-. , O3
-.

              [59]

O2/H2O2
.OH, O2

-.  , O3
-

Fenton processes: H2O2/
Fe2+

.OH, HO2
.

Photo –Fenton processes .OH

UV/O3,UV/H2O2 and 
UV/O3/H2O2

.OH,  HO2
. / O2

-. , O3
-

V-UV(λ< 190 nm) .OH , H+ , e- aq

Photocatalytic treatment
.OH , h+ , O2

-.  , e-, 
1O2,  HO2

. , HOO.

UV/Vis light using TiO2

ZnO, etc as catalysts

Ultrasonic treatment .OH , . H

ϒ-Radiolysis ..OH ,  .H , e-
aq

Table 5. Reactive species for different Advanced  oxidation 
processes (AOP)

H2O2 UV

OZONE

AOP: Advanced oxidation process

is reversed to make benzene by adding boiling aqueous 
acid to benzenesulfonic acid41. Sulfonation procedures 
consist of the reactions of sulfuric acid along with 
aromatic hydrocarbons, chlorosulfuric acid, or sulfur 
trioxide, as well as the reactions of organic halogen 
compounds along with inorganic sulfites and the oxidation 
of certain classes of organic sulfur compounds, such 
as disulfides orthiols. The desulfonation reaction is the 
hydrolysis of sulfonic acids in organic chemistry. It’s the 
polar opposite of sulfonation42. The ease of sulfonation is 
related to the temperature of desulfonation. According to 
the reactions below, three processes for desulphonation 
have been proposed43.

Figure 10. Basic design of a sonoreactor.

4.  PROSPECTS
Surfactants are used as wetting, cleaning, dispersing, 

foaming, emulsifying and anti-foaming agents in a wide 
range of products and applications, including fabric 
softeners, detergents, motor oils, soaps, paints, adhesives, 
emulsions, inks, flotation, anti-fogs, snowboard wax, 
ski waxes, deinking of recycled papers, washing, and 
enzymatic processes, and laxatives.

Agrochemical formulations include biocides (sanitizers), 
herbicides (some), insecticides and spermicides (nonoxynol-9). 
Personal care products include cosmetics, shower gel, 
shampoos, hair conditioners, and toothpaste. Surfactants 
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are widely used in the pipeline building industries and 
firefighting (liquid drag-reducing agents). Alkali surfactant 
polymers are used in oil wells to mobilize oil.

It operates by displacing air from the cotton pad and 
bandage matrixes, allowing a solution that is medicinal 
to be absorbed and administered to different regions of 
the body. They also treat wounds with detergents and 
use therapeutic lotions and sprays to the skin’s surface 
and mucous membranes to displace dirt and debris. 
Future potential includes detergents in biotechnology and 
biochemistry, surfactants in droplet-based microfluidics 
and quantum dot preparation.

5.  CONCLUSION
The surfactant load in water effluent discharged into 

the environment appears to have been reduced to the point 
where harmful ejects on aquatic species are insignificant. 
Problems with APE breakdown products, particularly NP 
have led to a decrease in APE utilisation in recent years. 
When applied to aerobic soil, few surfactants which 
are not oxygen dependent during sludge treatment are 
unexpectedly eliminated.

Surfactants amphiphilic nature adds to their adsorption 
on the surface of the particle in sewage. Anaerobic soils 
might not be good candidates for amendment. Within 
the United Kingdom, there are three primary methods 
for sewage sludge disposal: landfill, soil application and 
incineration application. The requirement to dump waste 
on non-agricultural soils must be defined carefully.

REFERENCES 
1. Wanhong, L.; Fang, L.; Fan, W.; Maiqi, D. & 

Tiansen,  L.  Indust r ia l  water  pol lu t ion and 
transboundary eco-compensation: Analyzing the 
case of Songhua River Basin, China. Environ. 
Sci. Pollut. Res. Int., 2020, 27(28), 34746-34759.  
doi: 10.1007/s11356-019-07254-9. 

2.  Dumpa, V. and Bhandari, V. Surfactant, steroids 
& non-invasive ventilation in the prevention of 
BPD. Semin Perinatol., 2018, 42(7), 444-452. 
doi: 10.1053/j.semperi.2018.09.006. 

3.  Kallapur, S. & Ikegami, M. The surfactants. 
Am.  J .  Per ina to l . ,  2000 ,  17 (7 ) ,  335-343 .  
doi: 10.1055/s-2000-13445. 

4. Merret t ig-Bruns,  U.  & Jelen,  E.  Anaerobic 
b i o d e g r a d a t i o n  o f  d e t e rg e n t  s u r f a c t a n t s . 
M a t e r i a l s  ( B a s e l ) . ,  2 0 0 9 ,  2 ( 1 ) ,  1 8 1 - 2 0 6 .  
doi:10.3390/ma2010181.

5. De Wolf, W. & Feijtel, T. Terresrial risk assessment for 
linear alkylbenzene sulfonate (LAS) in   sludge-amended 
soils. Chemosphere, 1998, 36(6), 1319–1343.   
doi: 10.1016/S0045-6535(97)10021-2.

6. Morris, S.A.V.; Ananthapadmanabhan, K.P. & Kasting, 
G.B. Anionic surfactant-induced changes in skin 
permeability. J. Pharm. Sci., 2019, 108(11), 3640-3648.  
doi: 10.1016/j.xphs.2019.06.030. 

7. Chen, S.; Hanning, S.; Falconer, J.; Locke, M. & Wen, J. 
Recent advances in non-ionic surfactant vesicles (niosomes): 
Fabrication, characterisation, pharmaceutical and cosmetic 

Figure 11. During surfactant breakdown, the chemical pathways L-oxidation.



115

DUTTA, et al.: A REVIEW ON THE DEGRADATION OF IONIC AND NON-IONIC SURFACTANTS IN WATER

applications. Eur. J. Pharm. Biopharm., 2019, 144, 18-39.  
doi: 10.1016/j.ejpb.2019.08.015. 

8. Ahmady, A.; Hosseinzadeh, P.; Solouk, A.; Akbari, 
S.; Szulc, A.M & Brycki, B.E. Cationic gemini 
surfactant properties, it’s potential as a promising 
bioapplication candidate, and strategies for improving 
its biocompatibility: A review. Adv. Colloid Interface 
Sci., 2022, 299, 102581. 
doi: 10.1016/j.cis.2021.102581. 

9. Nonoguchi, Y.; Tani, A.; Murayama, T.; Uchida, H 
& Kawai, T. Surfactant-driven amphoteric doping 
of carbon nanotubes. Chem. Asian J., 2018, 13(24), 
3942-3946. 
doi: 10.1002/asia.201801490. 

10. Nonoguchi, Y.; Tani, A.; Murayama, T.; Uchida, H 
& Kawai, T. Surfactant-driven amphoteric doping 
of carbon nanotubes. Chem. Asian J., 2018, 13(24), 
3942-3946. 
doi: 10.1002/asia.201801490. 

11. Herting, E.; Härtel, C. & Göpel, W. Less invasive 
surfactant administration (LISA): Chances and 
limitations. Arch. Dis. Child Feta. Neonatal. Ed. 
2019, 104(6),  F655-F659. 
doi: 10.1136/arch dis child-2018-316557. 

12. Dumpa, V. & Bhandari, V. Surfactant, steroids and 
non-invasive ventilation in the prevention of BPD. 
Semin Perinatol., 2018, 42(7), 444-452. 
doi: 10.1053/j.semperi.2018.09.006. 

13. García, R.A.; Chiaia-Hernández, A.C.; Lara-Martin, 
P.A.; Loos, M.; Hollender, J.; Oetjen, K.; Higgins, 
C.P. & Field,  J.A. Suspect screening of hydrocarbon 
surfactants in AFFFs and AFFF-contaminated groundwater 
by high-resolution mass spectrometry. Environ. Sci. 
Technol., 2019, 53(14), 8068-8077. 
doi: 10.1021/acs.est.9b01895.

14. Siyal, A.A.; Shamsuddin, M.R.; Low, A. & Rabat, N.E. 
A review on recent developments in the adsorption 
of surfactants from wastewater. J. Environ. Manage., 
2020, 254, 109797. 
doi: 10.1016/j.jenvman.2019.109797.

15. Hossain, M.M.; Tasnim, S.; Sultana, A.; Faizah, F.; 
Mazumder, H.; Zou, L.; McKyer, E.L.J.; Ahmed, H.U. 
& Ma, P. Epidemiology of mental health problems 
in COVID-19: A review. 2020, 9, 636. 
doi: 10.12688/f1000research.24457.1. 

16. Orozco, J.M.; Krawczyk, P.A.; Scaria, S.M.; Cangelosi, 
A.L.; Chan, S.H.; Kunchok, T.; Lewis, C.A. & 
Sabatini, D.M. Dihydroxyacetone phosphate signals 
glucose availability to mTORC1. Nat. Metab., 2020, 
2(9), 893-901. 
doi: 10.1038/s42255-020-0250-5.

17. Li, Y.; Xu, T.; Tu, Z.; Dai, W.; Xue, Y.; Tang, C.; 
Gao, W.; Mao, C.; Lei, B. & Lin, C. Bioactive 
antibacterial silica-based nanocomposites hydrogel 
scaffolds with high angiogenesis for promoting diabetic 
wound healing and skin repair. Theranostics., 2020, 
10(11), 4929 - 4943. 
doi: 10.7150/thno.41839. 

18. Hu, N.; Li, Y.; Yang, C.; Wu, Z. & Liu, W. In-situ 
activated nanoparticle as an efficient and recyclable 
foam stabilizer for enhancing foam separation of 
LAS. J. Hazard Mater., 2019, 379, 120843. 
doi: 10. 1016/j.jhazmat.2019.120843

19. Srinet, S.S.; Basak, A.; Ghosh, P. & Chatterjee, J. 
Separation of anionic surfactant in paste form from 
its aqueous solutions using foam fractionation. J. 
Enviro. Chem. Eng., 2017, 5, 1586–1598. 
doi: 10.1016/j.jece.2017.02.008.

20. Fei,X.; Li, W.; Zhu, S.; Liu, L. & Yang, Y. Simultaneous 
treatment of dye wastewater and surfactant wastewater 
by foam separation: an experimental and mesoscopic 
simulation study. Sep. Sci. Technol., 2018, 53,  
1604– 1610. 
doi: 10.1080/01496395.2017.1406951.

21. Naumczyk, J.; Marcinowski, P. & Bogacki, J. Treatment 
of highly polluted cosmetic wastewater. Environ. 
Prot. Eng., 2017, 44, 25–40.
doi: 10.5277/epe170203.

22. Li, R.; Gao, B.; Sun, J. & Yue, Q. Coagulation behavior 
of kaolin-anionic surfactant simulative waste water 
by polyaluminum chloride-polymer dual coagulants. 
Environ. Sci. Pollut. Res., 2018, 25, 7382–7390.  
doi: 10.1007/s11356-017-1073-0.

23. Khan, S.; Sayed, M. ; Sohail, M. et al . Chapter 
6 - Advanced oxidation and reduction processes.  
In: Advances in Water Purification Techniques: 
Meeting the Needs of Developed and Developing 
Countries. pp 135–164

24. Brandão, M.; Yu, L.; Garcia, C & Achari, G. Advanced 
oxidation based treatment of soil wash water contaminated 
with sulfolane. Water (Switzerland), 2019, 11(10), 
2152
doi: 10.3390/w11102152.

25. Zhou, Z.; Liu, X.; Sun, K.; Lin, C.; Ma, J.; He, M. 
& Quyang, W. Persulfate-based advanced oxidation 
processes (AOPs) for organic-contaminated soil 
remediation: A review impacts of land-use change on 
diffuse nitrogen pollution and nitrous oxide emission 
under climate warming View project Persulfate-based 
advanced oxide. Chem. Eng. J., 2019, 372, 836–851. 
doi: 10.1016/j.cej.2019.04.213.

26. Esteban García, A.B.; Szymański, K.; Mozia, S. & 
Sánchez Pérez, J.A. Treatment of laundry wastewater 
by a solar photo-Fenton process at pilot plant scale. 
Environ. Sci. Pollut. Res., 2021, 28, 8576–8584. 
doi: 10.1007/s11356-020-11151-x.

27.  Ganiyu, S.O.; Vieira dos Santos, E.; Tossi de Araújo 
Costa, E.C & MartínezHuitle, C.A. Electrochemical 
advanced oxidation processes (EAOPs) as alternative 
treatment techniques for carwash wastewater reclamation. 
Chemosphere, 2018, 211, 998–1006. 
doi: 10.1016/j.chemosphere.2018.08.044.

28.  Ganiyu, S.O.; Vieira dos Santos, E.; Tossi de Araújo 
Costa, E.C & MartínezHuitle, C.A. Electrochemical 
advanced oxidation processes (EAOPs) as alternative 
treatment techniques for car wash wastewater reclamation. 



116

DEF. LIFE SCI. J., VOL. 7, NO. 2, APRIL 2022

Chemosphere, 2018, 211, 998–1006. 
doi: 10.1016/j.chemosphere.2018.08.044.

29.  Ganiyu, S.O.; Vieira dos Santos, E.; Tossi de Araújo 
Costa, E.C & MartínezHuitle, C.A. Electrochemical 
advanced oxidation processes (EAOPs) as alternative 
treatment techniques for carwash wastewater reclamation. 
Chemosphere, 2018, 211, 998–1006.
doi: 10.1016/j.chemosphere.2018.08.044

30. Ahmed, M.B.; Zhou, J.L.; Ngo, H.H.; Guo, W.; 
Thomaidis, N.S. & Xu, J. Progress in the biological 
and chemical treatment technologies for emerging 
contaminant removal from wastewater: A critical 
review. J. Hazard. Mater., 2017, 323, 274–298.   
doi: 10.1016/j.jhazmat.2016.04.045

31.  Lu, F. & Astruc, D. Nanocatalysts and other nanomaterials 
for water remediation from organic pollutants. Coord. 
Chem. Rev., 2020, 408, 213180. 
doi: 10.1016/j.ccr.2020.213180

32.  Heidarinejad, Z.; Rahmanian, O.; Fazlzadeh, M. & 
Heidari, M. Enhancement of methylene blue adsorption 
onto activated carbon prepared from date press cake 
by low-frequency ultrasound. J. Mol. Liq., 2018, 
264, 591–599. 
doi: 10.1016/j.molliq.2018.05.100.

33.  Dehghani, M.H.; Zarei, A & Yousefi, M. Efficiency 
of ultrasound for degradation of an anionic surfactant 
from water: surfactant determination using methylene 
blue active substances method. MethodsX., 2019, 6, 
805–814. 
doi: 10.1016/j.mex.2019.03.028.

34.  Collivignarelli, M.C.; Abbà, A.; Bertanza, G. & 
Barbieri, G. Treatment of high strength aqueous 
wastes in a thermophilic aerobic membrane reactor 
(TAMR): Performance and resilience. Water Sci. 
Technol., 2017, 76(12), 3236–3245. 
doi: 10.2166/wst.2017.492.

35.  Collivignarelli, M.C.; Carnevale Miino, M.; Baldi, 
M.; Manzi, S.; Abba, A. & Bertanza, G. Removal of 
non-ionic and anionic surfactants from real laundry 
wastewater using a full-scale treatment system. 
Process Saf. Environ. Prot., 2019, 132, 105–115. 
doi: 10.1016/j.psep.2019.10.022.

36.  Collivignarelli, M.C.; Abbà, A. & Bertanza, G. 
Why use a thermophilic aerobic membrane reactor 
for the treatment of industrial wastewater/ liquid 
waste? Environ. Technol. (United Kingdom)., 2015, 
36, 2115–2124. 
doi: 10.1080/09593330.2015.1021860.

37.  Kalogerakis, N.; Fava, F & Corvini, P.F. Bioremediation 
advances. New Biotechnol., 2017, 25(38) (Pt B), 
41-42.
doi: 10.1016/j.nbt.2017.07.004. 

38.  Ławniczak, Ł.; Woźniak-Karczewska, M.; Loibner, 
A.P.; Heipieper, H.J. & Chrzanowski, Ł. Microbial 
Degradation of Hydrocarbons-Basic Principles for 
Bioremediation: A Review. Mol., 2020, 25(4), 856.
doi: 10.3390/molecules25040856. 

39. Pham, T.T.; Stokolosa, A.M.; Borden, P.A.; Hansen, 

K.D.; Hong, E.M.; Krasieva, T.B.; Sivoraphonh, 
R.H.; Moy, W.J.; Heidari, A.E.; Lee, L.H.; Kim, 
E.H.; Sun, C.H.; Jia, W.; Mo J.H.; Kim S.; Hill, 
M.G. & Wong, B.J.F. Electrochemical degradation 
and saponification of porcine adipose tissue. Sci. 
Rep., 2020, 10(1), 20745. 
doi: 10.1038/s41598-020-76678-y.

40. Leong, Y.K. & Chang, J.S. Bioremediation of heavy 
metals using microalgae: Recent advances and 
mechanisms. Bioresour. Technol., 2020, 303, 122886. 
doi: 10.1016/j.biortech.2020.122886. 

41.  Huo, L; Liu, G; Yang, X; Ahmad, Z. & Zhong, H. 
Surfactant-enhanced aquifer remediation: Mechanisms, 
influences, limitations, and the countermeasures. 
Chemosphere, 2020, 252, 126620. 
doi: 10.1016/j.chemosphere.2020.126620. 

42. Agassandian, M. & Mallampalli, R.K. Surfactant 
phospholipid metabolism. Biochim. Biophys. Act, 
2013, 1831(3), 612-25. 
doi:10.1016/j.bbalip.2012.09.010.

43. Guagliardo, R.; Pérez-Gil, J.; De Smedt, S. & 
Raemdonck K. Pulmonary surfactant and drug delivery: 
Focusing on the role of surfactant proteins. J. Control 
Release, 2018, 291, 116-126. 
doi: 10.1016/j.jconrel.2018.10.012. 

44.  Liu, J.W.; Wei, K.H.; Xu, S.W.; Cui, J.; Ma, J.; 
Xiao, X.L.; Xi, B.D. & He, X.S. Surfactant-enhanced 
remediation of oil-contaminated soil and groundwater: 
A review. Sci. Total Environ., 2021, 756, 144142.
doi: 10.1016/j.scitotenv.2020.144142. 

45.  Wang, Z.; Xu, M.; Wang, Y.; Wang, T.; Wu, N.; Zheng, 
W. & Duan, H. Air particulate matter pollution and 
circulating surfactant protein: A systemic review and 
meta-analysis. Chemosphere., 2021, 272, 129564. 
doi: 10.1016/j.chemosphere.2021.129564. 

46.  Ostos, F.J.; Lebrón, J.A.; Moyá, M.L.; Bernal, E.; 
Flores, A.; Lépori, C.; Maestre, Á.; Sánchez, F.; 
López-Cornejo, P. & López-López, M. Potentiometric 
study of carbon nanotube/surfactant interactions 
by ion-selective electrodes. Driving forces in the 
adsorption and dispersion processes. Int. J. Mol. 
Sci., 2021, 22(2), 826.
doi: 10.3390/ijms22020826. 

47.  Palmer, M. & Hatley, H. The role of surfactants in 
wastewater treatment: Impact, removal, and future 
techniques: A critical review. Water Res., 147, 60–72.
doi: 10.1016/j.watres.2018.09.039

48.  Rajkowska, K.; Koziróg, A.; Otlewska, A.; Piotrowska, 
M.; Nowicka-Krawczyk, P.; Brycki, B.; Kunicka-
Styczyńska, A. & Gutarowska, B. Quaternary ammonium 
biocides as antimicrobial agents protecting historical 
wood and brick. Acta Biochim. Pol., 2016, 63(1),153-
159.
doi: 10.18388/abp.2015_1134.

49.  Drugs and Lactation Database (LactMed) [Internet]. 
Bethesda (MD): National Library of Medicine (US); 
2006–. Benzalkonium Chloride. 31 October 2018. 

50.  Ríos, F.; Lechuga, M.; Fernández-Serrano, M. & 



117

DUTTA, et al.: A REVIEW ON THE DEGRADATION OF IONIC AND NON-IONIC SURFACTANTS IN WATER

Fernández-Arteaga, A. Aerobic biodegradation of 
amphoteric amine-oxide-based surfactants: Effect of 
molecular structure, initial surfactant concentration 
and pH. Chemosphere., 2017, 171, 324-331.
doi: 10.1016/j.chemosphere.2016.12.070. 

51.  Hosea, N.A. & Guengerich, F.P. Oxidation of nonionic 
detergents by cytochrome P450 enzymes. Arch. 
Biochem. Biophys., 1998, 353(2), 365-73. 
doi: 10.1006/abbi.1998.0659. 

52.  Kruszelnicka, I.; Ginter-Kramarczyk, D.; Wyrwas, 
B. & Idkowiak, J. Evaluation of surfactant removal 
efficiency in selected domestic wastewater treatment 
plants in Poland. J. Environ. Health Sci. Eng., 2019, 
17, 257–264.

 doi: 10.1007/s40201-019-00387-6.
53. Ncibi, M.C.; Gaspard, S. &  Sillanpää, M. As-

synthesised multi-walled carbon nanotubes for the 
removal of ionic and non-ionic surfactants. J. Hazard. 
Mater., 2015, 286, 195–203. 
doi: 10.1016/j.jhazmat.2014.12.039.

54.  Jardak, K.; Drogui, P. & Daghrir, R. Surfactants in 
the aquatic and terrestrial environment: Occurrence, 
behavior, and treatment processes. Environ. Sci. 
Pollut. Res., 2016, 23, 3195–3216. 
doi: 10.1007/s11356-015-5803-x.

55.  Ying, G.G. Fate, behavior, and effects of surfactants 
and their degradation products in the environment. 
Environ. Int., 2006, 32(3), 417-431.

56.  Roslan, R.N.; Hanif, N.M.; Othman, M.R.; Azmi, 
W.N.F.W.; Yan, X.X.; Ali, M,M.; Mohamed, C.A.R. &  
Latif, M.T. Surfactants in the sea-surface microlayer 
and their contribution to atmospheric aerosols around 
coastal areas of the Malaysian Peninsula. Mar. Pollut. 
Bull., 2010, 60(9), 1584–1590. 
doi: 10.1016/j.marpolbul.2010.04.004.

57.  Motteran, F.; Nascimento, R.F.; Nadai, B.M.; Titato, 
G.M.; dos Santos Neto, Á. J.; Silva, E. L. & Varesche, 
M.B.A. Identification of anionic and nonionic surfactant 
and recalcitrants compounds in commercial laundry 
wastewater by GC-MS analysis after anaerobic 
fluidised bed reactor treatment. Water, Air, & Soil 
Pollution, 2019, 230(12), 1-17.

 doi: 10.1007/s11270-019-4357-9.
58.  Kim, T.H.; Yu, S.; Choi, Y.; Jeong, T.Y. & Kim, S.D. 

Profiling the decomposition products of perfluorooctane 
sulfonate (PFOS) irradiated using an electron beam. 
Sci. Total Environ., 2018, 631-632, 1295–1303. 
doi: 10.1016/j.scitotenv.2018.03.055

59.  Liu, X.; Pohl, C.A. & Weiss, J. New polar-embedded 
stationary phase for surfactant analysis. J. Chromatogr. 
A, 2006, 1118(1), 29–34. 
doi: 10.1016/j.chroma.2006.03.080.

CONTRIBUTORS 

Mr Dhiraj Dutta was graduated in 2005 from Tezpur Central 
University. He has been a PhD student in NIT Nagaland. He 
joined DRDO as a scientist in 2008. His primary interests are:  
Development of technical materials for specific applications 
including aerograde materials with extremely low density.
In the present study, he has carried out the literature survey 
and documentation. 

Dr Nisha Gaur received her PhD from National Institute of 
Technology, Warangal, Telangana. She is presently working 
as Research Associate in DRL-DRDO. Her Research interest 
includes water treatment. 
In the present study, she has carried out the literature survey 
and documentation. 

Mr Prabir Barman is pursing his B.Sc. Microbiology from 
St Paul’s Cathedral Mission College, Calcutta University. His 
area of interest is data analysis biotechnology & food and 
industrial microbiology. 
In the present study, he has carried out the literature survey 
and documentation. 

Mr Debottam Ghosh is pursuing B.Tech. M.Tech. dual degree 
in biotechnology from KIIT University, Bhubaneswar, India. 
His research interest is bioprocessing. 
In the present study, he has carried out the literature survey 
and documentation. 

Dr Rama Dubey got her PhD from Kanpur University in 
2000. She was deputed to Penn state University and Arkansa 
University, USA in the year 2002 and 2007. Currently, she is 
heading a team of scientists at Defence Research Laboratory, 
DRDO, Tezpur, India. Her research areas are: Engineering and 
conducting polymers, smart technologies in the field of water 
purification, fuel and lubricants and microwave absorption.
In the present study, she has carried out the overall guidance 
and editing of the manuscript. 

Dr Sanjai K. Dwivedi has received PhD from GB Pant University 
of Agriculture and Technology (GBPUA&T) Pantnagar and is 
former Director, DRDO-DRL, Tezpur and presently Director, 
DOP, DRDO HQ, Delhi. His area of research includes the 
utilisation of indigenous plant resources for developing value-
added products. 
He has contributed to the editing of the paper.


