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detergents and commercial products. Its toxicity and pollution in the environment are well
documented. In recent years, the use of SDS-degrading bacteria for the purpose of
bioremediation of this pollutant has increased several folds. The number of SDS-degrading
microorganism are increasingly reported indicating the seriousness of researchers to embark on
process and systems for SDS remediation. Despite these efforts, several aspects that still need to
be settled are the mechanism of SDS utilization by microorganisms, kinetics of degradation and
growth on SDS, the fate and toxicity of degraded and undegraded metabolites, and the potential
of using these microorganisms in actual field work. These issues are going to hinder the

successful “development of efficient systems for SDS remediation in water bodies and soils.

INTRODUCTION

Sodium dodecyl sulphate (SDS) is an anionic surfactant that is
mostly used in cleaning detergents and commercial products. Its
toxicity and pollution in the environment are well documented.
Studies have revealed that the biodegradation process by using
bacteria can control the level of SDS released to the
environment [1,2]. Anionic surfactants are most widely used
mainly due to good detergency at low temperatures in neutral
solutions. They produce negatively charged ions in aqueous
solution, originated from sulphate or sulphonate groups.
Anionic surfactants have either ester sulphate or sulfonated
groups from xenobiotic compounds are widely used in many
industrial applications [3-13]. They are an important group of
organic substances in SML as they possess a higher solubility of
organic and inorganic substances.

The main source of naturally occurring surfactants comes
from phytoplankton exudates in sub-surface water (SSW) [14].
Anionic surfactants consist of hydrophilic and hydrophobic
parts that readily interact with apolar and polar substructures in
macromolecules or else apolar and polar molecules in
compound mixtures. Therefore, anionic surfactants can
contribute advantages in various heterogeneous phases in many
biological systems and technological processes by reducing the
energy of interaction and solvation energy [15]. Hydrophilic
and hydrophobic parts of anionic surfactants cause

accumulation at the interfaces between oil and water or air and
water and also lowering the surface tension. Surfactants can be
classified into non-ionic, anionic, cationic or amphoteric based
on their charge in aqueous solutions. Anionic surfactants are
popular additives because of their economic cost and wider
applications in industry [5,7,16-24]. In commercial detergents,
high number of surfactants are used specifically from anionic
surfactants. Anionic surfactants are vital in term of commerce
for almost half of the market share of surfactant production.
They exist in many aquatic ecosystems due to the high
efficiency of wastewater treatment plants to eliminate them and
high biodegradability of active surface substances [25].

The waste of this surfactant discharged into fresh water
and can harm the environment if the effluents are not treated
through the wastewater treatment process. The common anionic
surfactants group of aliphatic alkyl sulfatase is sodium dodecyl
sulphate (SDS). The applications of SDS are most popular as an
anionic surfactant in commercial products used for cosmetics
and personal hygiene [26]. Yoslim et al. stated that the rate of
natural gas hydrate formation is elevated with the presence of
anionic surfactants compared to non-ionic and cationic
surfactants. Instead of using SDS to enhance the rate of natural
gas hydrate formation, it is also best surfactant in order to
increase rate difluoromethane (HFC-32) hydrate formation and
the water to hydrate conversion [27]. Linear alkylbenzene
sulfonates (LASs) which have alkyl chains from C10 to C14 are
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the most abundant anionic surfactants used in surface cleaners
and household detergents.

The second most abundant surfactants which have 12 and
16 carbon units alkyl chain length and an average of a chain of
3 or 4 ethylene oxide (EO) units are alkyl ethoxy sulphates
(AES) [28]. Anionic surfactants undergo adsorption to alter the
surface characteristics and improve the solubility of sparingly
soluble compounds in water. Besides, the resistance to mass
transfer can also be transferred. The presence of anionic
surfactants in monomeric form is at a low concentration
between both polar and apolar solvents. Anionic surfactants can
be a factor of toxicity because of contributing toxic symptoms
in organs and animal and human organisms due to altering the
structure of the protein and also enzyme and phospholipid
membranes misfunctioning. They also can give potential to eye
and skin irritation besides damage human skin [15].

Effects of surfactants on the environment

With the development of the industrial economy and population
increase, large amounts of surfactants are consumed resulting in
serious environmental pollution problem. Surfactants, either
ionic or non-ionic, are dumped into water reservoirs as sewage
by a number of factories and also to soils. Chaturvedi and
Kumar reported that higher SDS in the environment is due to its
usage in industrial effluents and complex domestic that end up
in wastewater flow directly from few applications such as
pesticides and oil dispersants[29].

Anionic surfactants have higher proportion and widely
used in various applications in industry. Because of large
consumption of anionic surfactants, a lot of contaminants are
discarded into water bodies and soils. Linear alkyl benzene
sulfonated (LAS) is one of the mostly used xenobiotic anionic
surfactants and discharged the residues of contaminants in the
high amount especially during sewage treatment. It affects the
soils that are accumulated with this surfactant and lead to
pollution [30]. The major environmental problem arises from
semiconductor industries that flow organic and inorganic
pollutants into water bodies at high levels, for instance,
ammonia, fluoride and SDS [31]. The presence of SDS in
environment mainly comes from industrial and domestic
wastes, so it is a must to remove this surfactant from the
environment to make sure our nature is safer [32].

Water

Excessive use of surfactants mainly sources from detergents
become a problematic and serious issue that needs much
attention to decrease their pollution focusing on wastewater
contamination. Groundwater can be contaminated by surfactants
due to percolating process from industrial and municipal
sewage systems. In addition, domestic and industrial effluents
from unwanted cleaning products also can contribute to
groundwater contamination [33]. According to Li et al,
contamination of wastewater decreased the oxygenation
potentials and caused toxic to waterborne organisms [34].
Furthermore, it can lead to waterborne disease that can harm
human’s health.

Organism living and drinking water supplies are affected
when SDS enters aquatic environments due to its presence in
wash water as wastewater or by-product of production
processes or simply as a result of normal use and disposal. The
remaining surfactants mingle in sediments after rapid
degradation in water because of higher affinity of surfactants for
organic carbon in specific phase [35]. Toxicity of surfactants
might affect mostly on aquatic organisms, but for human,

surfactants are not really toxic. For example, surfactants may
destroy the chlorophyll-protein in aquatic plants and lengthen
their growth and metabolism period. Anionic surfactants will be
emitted from the water bodies after they reach a rigid limit
which is around 1.0 mg L' [31]. High amounts of surfactants
can cause complications that are clearly seen during the
treatment process in sewage treatment plants.

Biological processes and physicochemical level applied in
the purification of water are influenced by the presence of
detergents in wastewater. During the physicochemical level,
the surface tension of the liquid is decreased, lead to the
downturn of small particles in sedimentation and flocculation
stage. Their deterioration is upon their colloidal suspension
stability. The function of sludge microbial collusion is affected
on the biological level because of the presence of anionic
surfactants. It leads to harm to the biodiversity and responsible
for most xenobiotics decomposition [36].

Soil

Soil contamination becomes a critical issue and needs global
awareness to solve the problem. It is now considered as a major
obstacle to having sustainable development. It damages the
ecosystem balance that leads to higher economic loss and harms
the human health. Soil contamination problems arise from the
poor management of disposal measures, for instance, improper
waste disposal and mining tailings. It involves heavy metals and
toxic organics that are believed to be a major source of soil
contamination [37].

Soils contamination caused by organic pollutant has
become a worldwide issue as it contributes a very critical
problem to the environment. It is essential to study the
pollutants adsorption on soils to ensure the behaviour of
pollutants in the soil environment is well-understood.
Surfactants enter the soils and adsorb on soils, influence the
biological and physicochemical properties of soils. Studies have
reported that surfactants affect the hydraulic conductivity of
soils, soil water retention, stability of soil aggregates and also
metabolism of microbes in soils. The adsorption, mobility and
degradation of other organic substances may also be affected by
surfactants because of the correlation between organic carbon
content of soils and adsorption of surfactants [38]. Cserhati et
al. reported that the hydraulic conductivity of soil is reduced
when SDS is added to the soils. The effect is influenced by the
clay content of the soil and also SDS concentration. That study
revealed that the twin head group of anionic surfactants are less
susceptible to adsorption and precipitation to soil particle[15].

Sodium Dodecyl Sulphate (SDS)

Properties of SDS

Sodium dodecyl sulphate (SDS) can be also known in the other
name which is Sodium Lauryl Sulphate (SLS). It is derived
from alcohol sulfates, and it is one of the alcohol detergents.
The molecular formula for SDS is Ci2H2sNaOsS while its
molecular weight is 288.38 g mol™! [39]. Sodium dodecyl
sulphate (SDS) which is an anionic surfactant is an essential
component of various surfactant formulations. It has been used
extensively in household products and commercial products
used for personal hygiene and cosmetics due to its low cost and
excellent foaming properties. The molecule of SDS (Fig. 1) has
12 carbon atoms attached to a sulphate group giving it
amphiphilic properties that are required for a detergent [40].
Sodium dodecyl sulphate (SDS) can be classified by the
structure of linear long chain sulphate ester. This structure will
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undergo desulfation and then assimilation during the
degradation by a few bacterial strains [30].

CH3(CHz)10CHz0-S—ONa
. o
Fig. 1. Structure of sodium dodecyl sulphate (SDS) [41].

Sodium dodecyl sulphate is very commonly used in
industry as a penetrant, de-inking agent, flocculating agent in
pulp and paper industry; additive of concrete in building
construction as well as the wool cleaning agent and leather
softening agent. SDS is being proved as an excellent chemical
absorbent. It has an important role in increasing the intestinal
absorption of poor drug absorbent through trans-epidermal,
nasal and ocular drug delivery systems. Currently, SDS is
widely used for electrophoresis method in biochemical research
[29]. Sulphate may be produced from the surfactant sodium
dodecyl sulphate (SDS), and it is believed to harm the
environment due to highly toxic properties at higher [42].

The surfactant toxicity is indicated by the length of the
hydrocarbon alkyl chain, which has the bulky chemical
structure [43]. When the surfactants have a higher number of
chains for each group, the antimicrobial activity of the
surfactants will be higher. Besides, this surfactant has a greater
tendency in micelles formation when it has longer surfactant
chains. Surfactant interaction with the active sites located on the
cellular membrane will face decrement due to micelle
formation. However, the level of toxicity is independent of the
length chain of surfactants. During the study, SLES and SDS
were compared, and the result showed the SDS has higher
toxicity rather than SLES in the same organism tested although
both of them have a same number of carbon alkyl chains which
is C12 [43].

Long chain aliphatic sulphate ester which is sodium
dodecyl sulphate (SDS), is being used widely in surfactant
formulations because of its excellent ability in cleansing. In
every pond or water body during the study, the SDS-degrading
bacteria are present to prove the biodegradability of this
detergent [44]. Although the membrane is a primary target
structure, biochemical and physical of cells are affected by
sodium dodecyl sulphate (SDS). It will lead to differentiation in
vitro and also epidermal cell proliferation. If compared with
human, SDS is more harmful to animals as reported that SDS
may cause hyperplasia and skin irritation in guinea pigs. In
addition, SDS is more sensitive to rabbit skin cultures. The oral
route in mammals by SDS is not convenient [39].

Sodium dodecyl sulphate (SDS) gives bad effects towards
individual health if the consumption is <150 g and can lead to
death. Besides, SDS for about <20% can cause skin irritation
and inflammation if it is directly contacted with skin. Dermatitis
can be induced if SDS is exposed repeatedly. SDS is also had
the reactive property that can cause individuals might facing
difficulty in breathing and lung damage [39].

Applications of SDS

Sodium dodecyl sulphate (SDS) is important in various
industries for examples, the industry of textiles, paints and
paper [45]. Buffered solutions (BHF) are commonly used in the
semiconductor industry during the process of cleaning and
etching of silicon wafers. This solution needs the combination
of different proportions HF and NH4F, so in order to minimize
particles adhesion on the water surface, SDS is added to the

acidic solutions. However, the application of SDS in the
industry may generate toxic waste at a higher level [31].
Sodium dodecyl sulphate (SDS) can undergo extraction or soil
washing in order to eliminate organic matter. Hence, water and
soil can be remediated by SDS that acts as an auxiliary agent
[42]. Sodium dodecyl sulphate (SDS) has an excellent biocidal
activity which can destroy the bacteria and fungi when in
contact with water in a water treatment plant. It is also a
powerful tool to be used in disinfection purpose [46]. Anionic
surfactants bind to the enzyme in order to give effect to enzyme
activities. ATPase activity of P-glycoprotein is inhibited by
SDS at low concentrations [15].

SDS is able to restrain some nitrogen-fixing cyanobacteria
growth because it possesses bactericidal properties [36].Crop
performance can be improved when it is under stress due to the
presence of SDS in the genetic engineering field [39]. Besides,
SDS can wash out heavy metals with the higher CMC of SDS.
Heavy metals can be bind by SDS due to sulphur-containing
groups in its molecules [37]. Detergents which contain SDS can
avoid from flocculation because SDS acts as a dispersant agent
[41].

Toxicity of SDS

Large consumption of Sodium Dodecyl Sulphate (SDS) in the
world together with its adverse effects on living organisms
makes this surfactant one of the major environmental concerns.
Possible toxic effects of SDS have been studied by many
researchers. According to Cserhato et al., [13,47-51], the levels
of toxicity increases when the length of the alkyl chain
increases within the different classes of surfactants. Studies
have revealed that SDS is toxic to aquatic animals such as fish,
microbes like yeasts and bacteria and also to mammals [44,52].
According to Gibson et al., SDS also can cause deformities of
aquatic organisms and can be fatal in acute exposure. Four
molluscs species have been tested for acute toxicity of SDS
with different concentrations of SDS. As a result, molluscs
species with the higher concentration of SDS recorded a higher
number of deaths [33].

SDS is commonly used in toxicity test as a reference due to
its consistent toxicity, fast acting and non-selective. In SDS
acute toxicity testing, invertebrates are more sensitive compared
to fish and molluscs species [33]. Icgen et al. stated that higher
residual surfactants than their critical micelle concentrations
present in subsurface environments or water surface result in an
increment of ecotoxicological effects[26]. DO concentrations
can indicate the level toxicity of surfactants. Higher
concentration of DO will decrease the surfactant toxicity [43].
The anionic surfactant which is SDS can give carbon source to
bacteria and at the same time bacteria can degrade SDS
although SDS give toxic effects when its concentration out of
range. SDS concentrations around 0.0025+300 mg L-1 is
harmful because of its toxicity [45,53]. SDS also can affect the
aquatic animals, microbes and also humans that are involved in
consuming water contaminated with detergents [46]. Important
remediation of SDS in the environment is bioremediation,
which is more economical and effective than physiochemical
methods in many instances [54].

Bioremediation

Bioremediation can be described as a process of eliminating
environmental contaminants that involve microbes, plants or
enzymes from microbes or plants. It may also be defined as the
destruction of chemical compounds by the biological action of
living organisms. Biological agents mainly microorganisms
such as bacteria and fungus are wusually applied in
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bioremediation in order to clean up the contaminated
environment [2] due to cost-effective, more safer and
compatible [1,26,55,56]. Bioremediation exploits
microorganisms which have pollutant-degrading capabilities to
convert the toxic pollutants to become less toxic or non-toxic
compounds. There are two major classifications of
bioremediation which are in sifu and ex-situ techniques. In situ
bioremediation is a process of remediating contaminants at the
site and thus, the microbes may accelerate the natural
biodegradation in a contaminated area while ex-sifu
bioremediation is a process of treating contaminants after they
are removed and excavated which is different from the
contaminated area [55].

Bioremediation has become important and gained much
attention due to the increased use of SDS [34]. Sodium dodecyl
sulphate (SDS) is one of the most famous detergents for anionic
surfactant group, and it is a suitable candidate to undergo soil
bioremediation [36]. When SDS is discharged to the water
surface, the concentration of anionic surfactant disposal into the
environment becomes higher. SDS is very toxic and harmful to
living organisms, so removing SDS through bioremediation was
realized to be an effective method to reduce its toxicity in
environments [32]. Better strains that are having optimum
growth temperature and fast degradation capacity are on
demands to remediate it in order to ensure excellent
bioremediation [56]. Jovcic ef al. mentioned that surfactants
must be eliminated rapidly from the environment to evade
secondary pollution [57].

Biodegradation of SDS

Soil and aquatic microorganisms are responsible for performing
the biodegradation of SDS and the release of carbon dioxide,
gas and water. Pseudomonas sp. is the efficient bacteria and
mostly studied to biodegrade SDS. Alkyl sulfatase is the
enzyme that initiates SDS biodegradation by hydrolysing
inorganic sulphate with alcohol and then assimilated through
the metabolic pathway [40]. The pathway of SDS degradation
(Fig. 2) is given below;

CH,(CH,),p. CH,0-80Na*
Sodium dodecyl sulfate
Primary alkyl
sulfatase

CH,(CH,),o CH,0H
1-Dodecanol

Primary alcohol
dehydrogenase H
|
CH(CH,),-C=0
Dod al
Aldebyde
debydrogenase

CH,(CH,);,.COOH

CH,.COOH— 14C0,

Dodecanoic acid Oxidation
Elongation |
CH,(CH,),,.COOH
Tetradecanoic acid -
Elongation/. Phospholipids
desaturation
C,,, CzsC p Saturated and
unsaturated fatty acids

Fig. 2. Metabolic pathway of SDS degradation, from [58].

Biodegradation of SDS is initiated by primary or secondary
alkyl sulfatase. Then, liberated primary or secondary alcohols
are oxidized by alcohol dehydrogenases. Alkyl sulfatase can be
multiplied by the Pseudomonas sp. The oxidation of alcohol to
acids takes place by alcohol dehydrogenase and then the acids
are being utilized as a sole source of carbon and acts as

substrates in the PB-oxidation pathway [58]. To measure the
degradation rate of SDS, it is important to measure the isolates
growth and SDS disappearance [44].

SDS-degrading Bacteria

Sodium dodecyl sulphate (SDS) is widely used in cleaning
detergent, and the waste of this anionic surfactant is commonly
released through water bodies and soils. SDS must be removed
from the environment due to its toxicity property that can be
lethal to organisms. Thus, bioremediation is suggested by
researchers to be an effective method to reduce SDS toxicity
[32]. The current strategy for remediation of soils and water
bodies polluted with SDS is best carried out using bacteria
because of cost-effectiveness.

Better strains are needed when the amount of SDS disposal
keep increasing in order to ensure the effectiveness of SDS
removal from the environment [56]. Rebello et al. reported that
SDS degradation is mainly involved in soil or aquatic
microorganisms that are predominantly carried out by the
Pseudomonas species. Pseudomonas genus can be found
everywhere, and it is a popular and powerful degrader of toxic
compounds including industrial effluents especially sodium
dodecyl sulphate (SDS) [59]. Reports have shown that some
bacteria that are capable of degrading SDS in the environment
have been identified. Some of the examples are shown in Table
1.

Table 1. Bacteria that are capable of degrading SDS.

Bacteria References
Pseudomonas plecoglossicida [56]
Delftia acidovorans [52]
Pseudomonas aeruginosa [45]
Bacillus subtilis and bacillus cereus [60]
Pseudomonas putida sp3 [44]
Klebsiella oxytoca [61]
Klebsiella oxytoca istrain af-7 [53]
Bacillus amyloliquefaciens strain kik-12 [62]
Enterobacter sp. strain neni-13 [63]

SDS is utilized by bacteria as the carbon source. Alkyl sulfatase
enzyme is responsible for SDS degradation that generates
carbon dioxide and water [45]. Rapid removal of surfactants is
important to make their application safer, so strains that have
the highest percentage of SDS degradation are much needed
[61]. An important aspect lacking from the literature is actual
bioremediation works involving polluted water bodies or soils.
This lacking in information is probably caused by the difficulty
in remediating SDS from large water bodies and soils and the
fact that SDS is rapidly degraded by indigenous
microorganisms. Remediation using isolated microorganisms
will be useful in sites where the concentration of SDS is very
high and have decimated indigenous microbial population. In
this instance, the recovery of indigenous SDS-degrading
microorganisms will be slow and the addition of autochthonous
SDS-degrading microorganisms at this site will be
advantageous. Another important issue that has not been raised
much by researchers is the kinetics of growth and degradation
on SDS, which is almost non-existent in current body of
literature.

AlKkyl sulfatase

Sulfatase (EC 3.1.6) belongs to the esterase class that involves
the hydrolysis of sulphate esters. Alkyl sulfatase or SdsA
sulfatase is one of the members of sulfatases group 3 that can be
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differentiated with the existence of metallo-p-lactamase domain.
Alkyl sulfatase through sdsA gene in Pseudomonas sp.
ATCC19151 degrades anionic surfactants [57]. Alkyl
sulphatase is a powerful tool to conduct future studies in order
to make sure the anionic surfactant; SDS is completely
eliminated from the environment [40]. Chaturvedi and Kumar
reported that alkyl sulfatase is responsible for initiating the
degradation of sodium dodecyl sulphate (SDS) which is an
anionic surfactant [45]. Alkyl sulfatase is involved in the
formation of inorganic sulphate (1-dodecanol) by catalysing
hydrolytic cleavage of the ester bond. Alcohol dehydrogenase
oxidized 1-dodecanol to 1-dodecanoic acid that is being utilized
by the B-oxidation pathway as a carbon source [64].

There are three different groups of alkyl sulfatases that
have been reported from Pseudomonas sp. which are aryl
sulfatases characterized by cysteine or serine active site and
specifically from eukaryotes, Fe(ll) a-ketoglutarate-dependent
dioxygenase superfamily of sulfatase and alkyl sulfatase
enzyme (SdsA) with Zn?* binding [45]. Degradation of anionic
surfactants by bacteria is due to the activities of alkyl sulfatase.
Bacteria with higher SDS-degrading ability usually have higher
alkyl sulfatase activity. During the mid-exponential phase of
growth, the activities of alkyl sulfatase in all the isolates were
measured. The isolates which have higher activity of alkyl
sulfatase are believed to degrade SDS from the polluted areas
efficiently and fast [44]. In addition, the involvement of bacteria
in alkyl sulfatase ester metabolism shows the bacteria capability
to produce a multiple of alkyl sulfatase [44]. Icgen et al.
discovered several Pseudomonas spp. and one Aeromonas sp.
bacteria with alkyl sulfatase activity and have attributed a 152
kDa protein band from a zymogram as the dominant protein
band with alky] sulfatase activity [65].

Detection of Anionic Surfactant

Anionic surfactants are discharged into the environment through
both domestic and industrial wastewater that causes water
pollution of the water-supply source. Therefore, it is vital to
control surfactant content on surface water sample by
determining the concentration of anionic surfactant. The non-
specific method is usually used to measure the concentration of
anionic surfactants which is the Methylene Blue Active
Substances (MBAS) assay.

The Methylene Blue Active Substances (MBAS) assay
(Fig. 3) is a spectrophotometric method for determining anionic
surfactants, based on the formation of the ionic pair between
anionic surfactant and methylene blue [66,67]. The MBAS
assay has been long applied as a standard method for
determination of surface agents in tap water samples (ISO 7875-
1, 1996). Patrao et al. reported that the MBAS assay is also used
for indication of anionic surfactant degradation by observing the
remaining dye in the chloroform layer. It has been used for
anionic surfactant determination due to rapid test times, lower
equipment cost and portability. In addition, this method is
relatively simple and faster than chromatographic techniques
[60].

However, it requires a large amount of sample and
chloroform as well as very tedious. Because of this limitation,
some researchers proposed simplification method for this assay.
This was done by using chromatomembrane cell or decreasing
the volume of the reagent and sample used [66,67]. Wyrwas and
Zgota-Grzes’kowiak stated that the highest priorities for
monitoring purposes are fast, cheap and relatively simple
methods [67].

o0~
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Fig. 3. Anionic surfactant-methylene blue (AS-MB) aggregates [66].

CONCLUSION

Sodium Dodecyl Sulphate (SDS) is very toxic to all organisms.
Frequently, SDS is present in water bodies and soils and is very
difficult to be removed through physicochemical methods as
SDS adsorbs to soil particles. The best way is through
bioremediation. However, the partial purification of alkyl
sulfatase from SDS-degrading bacterium is very important
before a full fledge purification of the enzyme is carried out in
the future. The purification and characterization of alkyl
sulfatase from detergent-degrading bacterium are very
important for understanding the mechanism of degradation of
SDS. In addition, the results are important for future
improvement of degradation through genetic engineering or
strain improvement or even enzyme immobilization. The partial
purification and characterization work from this bacterium will
provide data for designing a better purification strategy.
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