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ABSTRACT

Background: Sodium dodecyl sulphate (SDS) is an ionic surfactant that widely use in
daily detergent and cleaning products. It one of the abundance water contaminants. This
paper focus on SDS bioremediation using Pseudomonas aeruginosa as a sole bacterial
species compared with microbial consortium. Methodology: Four this purpose, two
continuous bioreactors were used to degrade 1gl™ SDS as the sole carbon source.
Pseudomonas aeruginosa was isolated from peaty wastewater soil and it was identified
by VITEK 2 and 16S rRNA. Nevertheless, in bioreactor A, Pseudomonas aeruginosa was
used as a pure bacterial culture while in bioreactor B, a peaty soi contains an
indigenous microbial community includes Pseudomonas aeruginosa and other synergetic
microbial community. Results: The concertation of SDS was declined to zero in
bioreactor B compared with 0.18 gl™ in bioreactor A. GC-MS was used to elucidate the
SDS degradation products in the effluent of both bioreactors. Decanoic acid and
dodecanal were the main SDS degradation products the effluent of bioreactor A while, a
complete mineralization was determined in the effluent of bioreactor B. Scan electron
microscope (SEM) magnification image highlighted that Pseudomonas aeruginosa was
effectively growth and immobilized on the bio-ball surface that used in bioreactor A
which contributed in SDS bioretention. Conclusion: the conducted experiments finding
confirmed that microbial community contains Pseudomonas aeruginosa remediated SDS
more efficient than Pseudomonas aeruginosa pure culture.

INTRODUCTION

Water pollution is the contamination of water
bodies, rivers, lakes, oceans, and groundwater by the
discharge of harmful substances. This can occur through
human activities such as industrial and agricultural
practices, sewage dumping, oil spills, and littering *.
Water pollution has serious impacts on aquatic
ecosystems, human health, and water availability?.
Anthropogenic chemicals are one of the main causes of
water pollution owing to the adverse effects of
hazardous chemicals and waste products that end up in
nearby waterways through runoff or accidental spills >.

Household waste, cleaning products, detergents, and
personal care products can contribute to water pollution
when flushed down drains and toilets®. Municipal
sewage and wastewater treatment plants release
untreated or partially treated wastewater into nearby
waterways, containing harmful chemicals that leak
during the treatment process owing to an inappropriate
technique®. It is essential to monitor and control the
release of these chemicals into the environment through
sustainable practices that minimize their impact on
water resources °.

Sodium dodecyl sulfate (SDS) is an ionic surfactant
widely used in household detergent products ®. SDS has
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a negative impact on water. It is toxic to aquatic life,
particularly at high concentrations. Exposure to SDS
can lead to detrimental effects, reduced oxygen levels,
stunted growth, and even death in aquatic biological
systems because SDS persists in the environment for
long periods as a source of pollution’. Moreover,
prolonged SDS exposure in water bodies can negatively
affect aquatic flora and fauna. SDS is a surfactant agent
that reduces water surface tension and changes the
behaviour of aquatic organisms®. Water contaminated
with SDS causes several health hazards, such as skin
and eye irritation, gastrointestinal issues, and even
neurological damage. It is important to manage SDS-
containing products carefully and dispose of them
properly to prevent the contamination of water sources?.

Bacterial species can tackle various environmental
contaminations under different conditions >°. Bacteria
can degrade SDS through a process called
biodegradation. SDS is a carbon source, which means
that certain types of bacteria can break it down into
simpler components and use it as a food source.
Pseudomonas belongs to the Gammaproteobacteria
genus. This species plays a vital role in the degradation
of organic waste. It has versatile metabolic capabilities®.
Pseudomonas aeruginosa has been isolated from
various environments. This  demonstrates  the
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appropriate  motivation to remediate wastewater
contaminants '°. Pseudomonas aeruginosa degrades
SDS by producing alkylsulfatase, which breaks down
SDS . Bacterial species, SDS concentration, and
environmental factors such as temperature and pH are
the main aspects that control appropriate SDS
biodegradation '2'*. A recent study confirmed the
capability of Pseudomonas to mineralize organic
chemicals as the sole carbon source'. These microbes
are robust environmental species that can be isolated
from the environment™. Pseudomonas species are
substantial in transforming environmentally hazardous
chemicals into less toxic materials that can be released
safely into the surrounding environment®. Bioreactors
can be used in practical engineering applications to
tackle various environmental contaminants . The
present research aim to degrade SDS by continuous
bioreactor in an efficient green convenient process and
monitor the degradation products.

METHODOLOGY

Microbial isolation, cultivation, and characterization

The sample was collected from a from Al-
Rustumiya (Iraq) wastewater peaty soil sedimentation
tank at a depth of 10-30 c¢cm using an appropriate bag
sample and stored at 8°C for further use. The peaty soil
sample was homogenized before use. The prescribed
culture medium was used to isolate and SDS
degradation bacteria according to PBM, which
contained the following ingredients (gl™): K,HPO, 3.5;
KH,PO, 1.5; NH,CI 0.5; NaCl 0.5; Na,SO, 0.14;
MgCl,.6H,O 0.15. Trace elements were added as
following FeCl;.6H,O 0.0024; COCI,.6H,0 0.004;
CuS0,4.5H,0 0.006; MnCl,.4H,0 0.003; ZnS0,.7H,0
0.031. It was supplemented with 1 gl SDS in a 250 ml
culture flask and incubated in a shaker at 37 °C and 150
rpm. After bacterial growth was highlighted (two to
three days), 1 ml of the culture was transferred to
triplicated plates of PBM agar with 1 gl SDS as the
only carbon source to highlight SDS-degrading bacterial
colonies. Colonies were highlighted after incubation for
2 days at 37 °C [7,12]. The acclimatized bacteria with
SDS as the sole carbon source were identified using
Vitek 2.
Molecular diagnosis of microorganism

The 16S rRNA molecular technique was used to
confirm the VITEK 2 outcome. DNA was extracted

according to the procedure described below: the target
bacteria were cultured for 24 h. and 5 ml was
centrifuged at 12000 rpm for 3 min (18). The generated
pellet was resuspended in 200 pL of lysis buffer (40
mM Tris-acetate pH 7, 20 mM sodium-acetate, 1 mM
EDTA, 1% SDS) to lyse the cells.

The protein was removed by centrifuging the
mixture under colling at 12,000 rpm for 10 min. The
mixture was added to 66 pul of 5M NaCl solution. The
suspension was transferred to a new vial, and a similar
amount of chloroform was added. The vial was gently
mixed to obtain a white solution. The supernatant was
transferred to a new vial and centrifuged at 12, 000 rpm
for 3 min.

Vacuum was applied to dry the targeted DNA,
which was precipitated by 100% ethanol, washed three
times with 70% ethanol, and redissolved in 50 11 1x TE
buffer. The polymerase chain reaction used a Verity
Thermal Cycler (Applied Biosystems, USA) Each 10
uL PCR mixture contained 1uL (1:10 dilution) DNA
(10 -20 ng), 5 uL PCR GoTaq Green master mix 2X
(Promega, USA), 0.5 ul of each primer. Nuclease-free
water was used to complete the reaction mixture.

The targeted region of 16S rRNA was amplified
using the appropriate 16S rRNA primers (forward) 5'-
GGAGCTTGCTCCTGGATTC-3* and (reverse) 5’-
GATGCAGTTCCCAGGTTGAG -3’ (19). The reaction
began with a 5 min denaturation step at 95°C and 30 s at
95°C for 35 cycles, annealing for 30 s at 59°C, and
extension for 30 s at 72°C, with a final extension step
for 5 min at 72°C. Electrophoreses were used to check
the PCR result (5 uL of the amplification product) on
2% agarose gel in 1X TBE buffer, stained with 0.5
ug/mL ethidium bromide and UV transilluminator was
used to visualize the result.

Bioreactor operation conditions

In this study, SDS was degraded using two
bioreactors (acrylic column 25x2.5 cm) as described in
figure 1. In bioreactor A, peaty soil (20 g) was the
bioreactor substrate, while the isolated bacteria was
acclimatized on bio-ball and use as a substrate for
bioreactor B. A peristaltic pump was used to feed the A
and B bioreactors with 300 ml daily flowrate during 30
days. One liter feeding tank was the influent feeding
tank, it was filled with synthetic wastewater containing
1 gl SDS as sole carbon source. Effluent water samples
were collected periodically for monitoring and
assessment.
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Fig. 1: A schematic diagram for bioreactors A and B.

Gas chromatography mass spectrum (Gc-MS)

GC-MS was used to determine the SDS and their
degradation of organic compounds generated during the
bioremediation process conducted in both A and B
bioreactors. The SDS-degrading spectrum elucidates the
role of microorganisms in SDS biodegradation. Gas
chromatography-mass spectrometry (7820A, USA) was
used to determine the influent SDS and the generated
degradation products. The specific column used was
Agilent HP-5ms Ultra Inert (30 um length x 250 pum
inner diameter x 0.25 um film thickness). The operating
conditions were as following: 1ul Injection volume,
11.933 psi pressure, inlet temperature of 250 °C, AUX
heater temperature of 300 °C, and helium (99.99%)
carrier gas. The oven program was as follows:
Rampl: 65 °C hold to 100 °C. Ramp 2: 60°C hold to
180 °C. Ramp 3: 180°C to 200°C. Ramp 4: 200 °C hold
to 250 °C.

Scanning electron microscopy (SEM)

The  morphological  features and  surface
characteristics of the samples were obtained using
scanning electron microscopy (SEM) with a Hitachi
SX-650 scanning electron microscope (Tokyo, Japan).
Wide-angle X-ray diffraction (WAXRD) measurements
were performed on a D8- Advance XRD diffractometer
(Bruker, Germany) at a scan rate of 4° 20 min—1 from 5
°to 65° with a Cu Ko target.

Spectrophotometric detection

A spectrophotometer was used to determine the
periodic SDS concentration during the experiment. The
decline in SDS concentration was monitored using the
stain-all method, based on the color changes from dark
fuchsia to yellowish *°. A stock stain all solution was
prepared by mixing 2 mg of the dye with 2 ml of 50:50
isopropanol and water and stored in a dark container at
5 °C. The solution was used within 30 days. One
milliliter of the prepared stock was mixed with a similar
amount of formamide and added to 18 ml of deionized
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water. This solution should be consumed within three
days and stored in a dark container. Three milliliters of
the effluent samples were mixed with 2.5 ml stain-all
solution, and the solution was poured into a
spectrophotometer cuvette, and the absorbance was
recorded at 510 nm.

RESULTS

The results of PCR amplification for 16S rRNA
demonstrated that a particular band of 556 bp size was
present in the isolated strain, supporting the Vitck 2
biochemical test that the bacterium was Pseudomonas
aeruginosa (Fig. 2).

Fig. 2: Pseudomonas aeruginosa 16S rRNA gene PCR
products display three replicates of the isolated strain.
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The spectrophotometer was set at a wavelength of
510 nm to generate the SDS calibration curve, which
was crucial for determining the SDS concentration in
the continuous reactor experiment. The SDS
concentration was monitored during the continuous
reactor experiment, as shown in Fig. 3. The SDS
concentration gradually decreased over time in both
reactors. SDS removal was slow in both reactors during
the first week. Nevertheless, the concentration of SDS
in reactor A, dropped from 1 gl™* to 0.17 gl™ after 30
days, while a completed mineralization was noticed in
reactor B.

By inspecting the SDS concentration trendline over
30 d, it was observed that the performance of reactor A,
which contained Pseudomonas aeruginosa as a pure
culture, was slower than that of reactor B, which
utilized Pseudomonas aeruginosa in addition to the
indigenous microbial community in peaty soil. This can
probably be attributed to low microbial acclimatization
because the only microorganism available was
Pseudomonas aeruginosa. In contrast, reactor B
comprised Pseudomonas aeruginosa in addition to the
indigenous peaty soil microbial community, which
probably increased the acclimatization activity and the
contribution of microbial synergism. The influence of

microbial  synergism could effectively conduct
completed mineralization in reactor B.

The GC-MS spectrum of the influent wastewater
was analyzed over a retention time of 4-18 min to
determine the presence of organic compounds and their
degradation outcomes. The time duration before and
after this period was ignored for a technical requirement
to avoid noise that could influence the accuracy of the
reading. According to

Fig, SDS was determined at 12.27 min in the
influent wastewater used to feed both bioreactors.

The SDS degradation fragments generated in
bioreactor A are shown in Fig. 4. By examining this
figure, it is obvious that the peak of the SDS retreated
dramatically compared to the original one in

Fig. The intensity of the SDS peak was detected,
which can be noticed by comparing the Y-axis
abundance of Figures 4 and 5. In addition, new peaks
were generated at 12.77 and 13.18 min, which
represented the SDS degradation compound, and the
main fragments of this compound were 74 and 91,
which were identified as dodecanol and dodecanic acid,
respectively (Figure 5). The targeted fragments were
dodecanol and dodecanic acid, which are the main SDS
degradation products.
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Fig. 3: A spectrophotometer for SDS standard cu was used to determine the SDS concentration. Panel A shows the
calibration curve for SDS. While panel B shows the correlation of SDS with time during the column continuous reactors
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Fig. 5: The gas chromatography of SDS degradation products by bioreactor B.
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Fig. 6: The SDS degradation products pathway for and bioreactors A and B.

Bio-balls from bioreactor A were selected after the
experiment ended. Bio-balls were used to examine the
adhesion of bacteria on the outer surface area using a
scanning electron microscope. The selected bio-ball was
left to dry overnight at room temperature and coated
with gold for the best image accuracy. The surface
morphology of the bio-ball is shown in Fig. 7. It can
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be clearly noticed that Pseudomonas aeruginosa was
flourished on the surface of the bio-ball. Bacterial
colonies are highlighted at 5pm SEM magnification.
These adhesive Pseudomonas aeruginosa degraded
SDS, and the utilized bio-ball increased the treatment
surface area, making it an appropriate material for
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bacterial biofilms and preventing it from flashing out
during the continuous flow rate of the column.
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Fig. 7: Scanning electron microscopy image of
Pseudomonas aeruginosa colonies on bio-balls, which
were used as packing material during SDS
biomineralization.

DISCUSSION

Pseudomonas species isolated from the environment
decomposed approximately 80% of the SDS used in this
study. These bacterial species have been described as
biotechnological tools for efficient bioremediation
approaches™. In another study, Pseudomonas
aeruginosa MTCC 10311, was isolated from
contaminated soil and removed approximately 96% of
SDS .

The current study confirmed that SDS was
effectively decomposed by Pseudomonas aeruginosa as
a sole carbon source, whether it was a pure culture in
reactor A or an indigenous species acclimatized with
other microbial species when it was present in peaty soil
in reactor B. In addition, the presence of this
microorganism in the indigenous microbial community
accelerated the degradation process and achieved a
more efficient outcome. These findings are in agreement
with those of previous studies, which also reported SDS
degradation as a sole carbon source . Utilizing a
mixture of bacteria can be more efficient for SDS
bioremediation than using a single microorganism®.
The  SDS  colorimetric  method using a
spectrophotometer was an adequate method to monitor
SDS concentration over time **. The presence of SDS in
a polluted environment with aromatic hydrocarbons
supports the bioremediation of aromatic hydrocarbons
using bacteria as surfactant agents . Nevertheless, SDS
concentration positively influences bacterial viability®.
The SDS degradation fragment could be a cofactor in

the metabolism of the targeted organic hydrocarbons .
Bacterial enzyme secretion by Pseudomonas aeruginosa
is responsible for SDS decomposition®.

The SDS degradation products for reactor B are
shown in Figure 6. In this chromatography, the targeted
SDS was completely mineralized, and no side products
were highlighted, which was the intrinsic difference
compared to reactor A. This finding is in agreement
with the spectrophotometer data shown in Fig. 3, which
confirmed that SDS was completely degraded by
Pseudomonas aeruginosa and the syncretic microbial
community in the utilized peaty soil. 1-dodecanal, 2-
dodecanol, and 3-dodecanol were highlighted by GC-
MS during degradation of SDS by a single pure
bacterial culture *'.Pseudomonas aeruginosa is a vital
bacterial species for hydrocarbon biodegradation;
however, the degradation process was reiterated when
SDS was added as a surfactant chemical %
Nevertheless, the P. aeruginosa used in this study was
capable of effectively mineralizing SDS, especially
when used as an indigenous microorganism associated
with other microbial communities.

In the same context, SDS degradation fragment
peaks were observed at 8.2 and 14.4 min, and a
fragment of 169 corresponded to dodecanal. In addition,
the reported information revealed that during SDS
bioremediation by Pseudomonas sp., bacterial enzymes
such as alkyl sulfatase were responsible for SDS
degradation and the generation of dodecanol %. Various
SDS degradation peaks were highlighted at 12.8 min,
15.8 min, and 16.5 min, and the GC-MS spectrum
reported that during SDS bioremediation, dodecanol
was oxidized into dodecanoic acid®. SDS was
degraded by bacteria, and fragment peaks 169, 155, 141,
127, 113, 99, and 85 were represented as Cy; to C; 2.
Dodecanoic acid which distinguished during SDS
biodegradation by pseudomonas sp was used as a
substrate during the metabolic oxidation mechanisms .
This might be the reason for not detecting dodecanoic
acid in reactor B, as it is used in bacterial metabolism.
SDS bioremediation by Pseudomonas aeruginosa is
probably attributed to the influence of the sulphatase
pathway 2°. During SDS detection by GC-MS,
dodecene, dodecane, and dodecanol were identified as
SDS degradation organic compounds, which are
aliphatic products ’. In another study, it was reported
that SDS was noticed at 8.6 min retention time and 1-
dodecanol was the main SDS degradation products 2

According to the GC-MS spectrum, the expected
SDS degradation pathway for reactors A and B is
illustrated in Figure 8. In reactor A Decanoic acid and
dodecanal represented the SDS degradation products.
The complete degradation product was determined. This
finding is in agreement with Sun et al.”®, Yadav®, who
detected similar degradation products during SDS
bioremediation.
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In this study, Pseudomonas aeruginosa degraded 1
gl SDS to decanoic acid and dodecanal as a side
product using bioreactor A. The bacteria used were
isolated from peaty wastewater soil. Nevertheless,
exploiting the peaty soil microbial community, which
contains Pseudomonas aeruginosa as the main
microbial species for SDS degradation, synergistic with
indigenous bacterial species, shows that complete
mineralization was achieved. Previous research has
highlighted that Pseudomonas species show various
tolerances for SDS degradation under graduated
concentrations based on the selected strain and time of
incubation. However, the generated degradation
compounds cannot be elucidated using
spectrophotometric methods’. A practical experiment
concluded that approximately 36 Pseudomonas species
could decompose SDS as a sole carbon source under
laboratory conditions, which required strict aseptic
conditions as a prerequisite for effective outcomes,
which imitated the process in plate batch Petri dishes
only ™. Pseudomonas, identified by 16S rRNA as
Pseudomonas laurylsulfatovorans, has an appropriate
attitude to mineralize SDS, but no information was
mentioned about the compound degradation products ®.
Additionally, Pseudomonas fluorescens can break down
SDS, with no evidence reported regarding the related
degradation products. Pseudomonas aeruginosa has
been reported as a convenient bacterium for tackling
SDS as a sole bacterial species. All the above-
mentioned studies were conducted under laboratory
conditions. These conditions make the practical
application hard to apply in a convenient approach.
Nevertheless, the passive bioreactor used in this study
can be applied as a green sustainable substitute for
efficient SDS remediation.

CONCLUSIONS

Pseudomonas Aeruginosa was isolated from peaty
wastewater and used to degrade SDS using two
approaches, passive and active, labelled as bioreactors
A and B. Experimental findings revealed that both
techniques could degrade SDS; however, bioreactor B
was more effective and applicable, as it achieved
complete mineralization, compared to 87% in bioreactor
A. GC-MS confirmed that complete mineralization was
conducted in bioreactor B, and decanoic acid and
dodecanal were distinguished in bioreactor A effluent.

Acknowledgements

We thank Rafal Alkinany for her support and assistance
in the laboratory. We also thank the Alkora Laboratory
for their assistance with the SEM imaging.

Ethical Approval: Not applicable

Conflicts of interest: The author declares no conflicts
of interest.

Egyptian Journal of Medical Microbiology

Funding: No fund was received to fulfil this work.
Consent for publication: Not applicable

REFERENCES

1. Aryal N, Wood J, Rijal I, Deng D, Jha MK, Ofori-
Boadu A. Fate of environmental pollutants: A
review. Water Environ Res. 2020;92(10):1587-
1594. doi:10.1002/wer.1404

2. Vo HNP, Ngo HH, Guo W, et al. Microalgae for
saline wastewater treatment: a critical review. Crit
Rev Environ Sci Technol. 2020;50(12):1224-1265.
doi:10.1080/10643389.2019.1656510

3. Lee Y, Lee Y, Jeon CO. Biodegradation of
naphthalene, BTEX, and aliphatic hydrocarbons by
Paraburkholderia aromaticivorans BN5 isolated
from petroleum-contaminated soil. Sci Rep.
2019;9(1):24-30. doi:10.1038/s41598-018-36165-x

4. Simantiraki F, Kollias CG, Maratos D, Hahladakis
J, Gidarakos E. Qualitative determination and
application of sewage sludge and municipal solid
waste compost for BTEX removal from
groundwater. J Environ Chem Eng. 2013;1(1-2):9-
17. doi:10.1016/j.jece.2013.02.002

5. Khan S, Ajmal S, Hussain T, Rahman MU. Clay-
based materials for enhanced water treatment:
adsorption mechanisms, challenges, and future
directions. J Umm Al-Qura Univ Appl Sci.
2023;(0123456789). doi:10.1007/s43994-023-
00083-0

6. Simbes M, Simdes LC, Pereira MO, Vieira MJ.
Sodium dodecyl sulfate allows the persistence and
recovery of biofilms of Pseudomonas fluorescens
formed under different hydrodynamic conditions.
Biofouling. 2008;24(1):35-44.
doi:10.1080/08927010701730311

7. Chaturvedi V, Kumar A. Isolation of a strain of
Pseudomonas putida capable of metabolizing
anionic detergent sodium dodecyl sulfate (SDS).
Iran J Microbiol. 2011;3(1):47-53.
doi:12.1516/j.syapm.2011.03.0007

8. Furmanczyk EM, Kaminski MA, Lipinski L,
Dziembowski A, Sobczak A. Pseudomonas
laurylsulfatovorans sp. nov., sodium dodecyl sulfate
degrading bacteria, isolated from the peaty soil of a
wastewater treatment plant. Syst Appl Microbiol.
2018;41(4):348-354.
d0i:10.1016/j.syapm.2018.03.009

9. Abdulhussein ZM, Hussein AA. lIsolation and
Identification of Phenanthrene Degrading Bacteria
from Polluted Soil in Iraq. Iragi J Biotechnol.
2022;21(2):236-244.
d0i:10.47750/pnr.2022.13.03.071

10. Al-Daraghi W, Taha Lafta I, Al-Hamedi FH.

7

ejmm.journals.ekb.eg info.ejmm22@gmail.com


https://www.google.co.uk/search?sca_esv=572214004&q=to+Alkora+scientific+laboratory&spell=1&sa=X&ved=2ahUKEwinpbDG6euBAxUNVfEDHVSuCJAQkeECKAB6BAgIEAE

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Al-Obaidi et al. / Harnessing Pseudomonas to Tackle Sodium Dodecyl Sulphate Polluted Waters, Volume 35/ No. 2 / April 2026 XXX-XXX

Isolation and Identification of lipA Gene Producing
Pseudomonas  aeruginosa  from Industrial
Wastewater Introduction. Iragi J Biotechnol.
2019;18(1):77-82.
https://www.iasj.net/iasj/download/f8598f17fba801
de

Furmanczyk EM, Kaminski MA, Spolnik G, et al.
Isolation and characterization of Pseudomonas spp.
Strains that efficiently decompose sodium dodecyl

sulfate. Front Microbiol. 2017;8(NOV):1-16.
doi:10.3389/fmich.2017.01872
Najim AA, Ismail ZZ, Hummadi KK.

Immobilization of mixed bacteria by novel
biocarriers extracted from Cress and Chia seeds for
biotreatment of anionic surfactant (SDS)-bearing
real wastewaters. Prep Biochem Biotechnol.
Published online November 4, 2022:1-10.
doi:10.1080/10826068.2022.2140354

Najim AA, Ismail ZZ, Hummadi KK. Enhanced
Removal of the Xenobiotic Surfactant Sodium
Dodecyl Sulfate from Actual Nondomestic
Wastewaters Using Immobilized Mixed Bacterial
Cells. Chem Biochem Eng Q. 2022;36(1):67-76.
doi:10.15255/CABEQ.2021.2017

Sergey CP, Danil SA. Biodegradation of
Perfluorooctanoic ~ Acid by  Pseudomonas
Plecoglossicida Strain DD4. Baghdad Sci J.
2022;19(6):1502-1511. doi:10.21123/bsj.2022.6825

Al-Atbi HS, Mukhaifi EA, Ali SF. Isolation and
Identification of Polyethylene Terephthalate
Degrading Bacteria from Shatt Al-Arab and
Sewage Water of Basrah City. Baghdad Sci J.
2023;20:1866-1872. doi:10.21123/bsj.2023.7772

Kridi N, Al-Shater MS, Al Zoubi MM. Isolation
and identification of some bacterial isolates from
soil contaminated with crude oil and Testing Their
Effectiveness. Baghdad Sci J. 2021;18(4):1476-
1484. d0i:10.21123/bsj.2021.18.4(Suppl.).1476

Mohammed A k., Hussen HA, Ali SA. Study of
Hydrodynamics in Stirred Bioreactor. lIraqi J
Biotechnol. 2009;8(2):567-577.
https://www.iasj.net/iasj/article/89227

Kareem MBA. Biotreatment of Al-Yarmook
Hospital Wastewater Using Packed Bed Bioreactor.
Iragi J Biotechnol. 2013;12(1):91-100.

Rusconi F, Valton E, Nguyen R, Dufourc E.
Quantification of sodium dodecyl sulfate in
microliter-volume biochemical samples by visible
light spectroscopy. Anal Biochem. 2001;295(1):31-
37. doi:10.1006/abio.2001.5164

Shanavas J. Metabolic profile of sodium dodecyl

21.

22.

23.

24,

25,

26.

27.

28.

29.

30.

sulphate (SDS) biodegradation by Pseudomonas
aeruginosa. J  Enviromental Biol. 2014;
6(September):200-228.

Hayashi K, October R, Spectronic L, Division B. A
rapid determination of sodium dodecyl sulfate with
menthylene blue.pdf. Anal Biochem.
1975;506:503-506.

Deschénes L, Lafrance P, Villeneuve JP, Samson
R. Adding sodium dodecyl sulfate and
Pseudomonas aeruginosa UG2 biosurfactants
inhibits  polycyclic  aromatic  hydrocarbon
biodegradation in a weathered creosote-
contaminated soil. Appl Microbiol Biotechnol.
1996;46(5-6):638-646. doi:10.1007/s002530050874

Kashkay = AMA, Institute.  Synthesis and
decompositon of ethylbenzene hydroperoxide in the
presence of sodium dedecyle sulfate. PPOR.
2022;23(4):609-616.

Jassim AA, Mahdi WM, Khalaf Al-Obaidi OR.
Identification of algD and oprL genes in
Pseudomonas aeruginosa isolated from multiple
environments and different local sources in Irag.
Kuwait J Sci. 2025;52(1):100302.
d0i:10.1016/j.kjs.2024.100302

Chaturvedi V, Kumar A. Bacterial utilization of
sodium dodecyl sulfate. Int J Appl Biol Pharm
Technol. 2010;1(3):1126-1131.

Thomas OR, White GF. Metabolic pathway for the
biodegradation of sodium dodecyl sulfate by
Pseudomonas sp. C12B. Biotechnol Appl Biochem.
1989;11(3):318-327.

Almén P, Ericsson |. Quantification of Sodium
Dodecyl Sulfate in a Two-Phase System Using
Filament-Pulse-Pyrolysis-Gas Chromatography.
Langmuir. 1995;11(1):108-110.
doi:10.1021/1a00001a021

Campbell R, Winkler MA, Wu H. Quantification of
sodium dodecyl sulfate in microliter biochemical
samples by gas chromatography. Anal Biochem.
2004;335(1):98-102. d0i:10.1016/j.ah.2004.08.026

Sun Q, Wang Z, Zhou M, et al. Biodegradation of
Sodium Dodecyl Sulfate by the Microbial
Consortium and its Application in Wastewater.
Published online 2023. doi:10.2139/ssrn.4456889

Yadav VK, Khan SH, Choudhary N, et al.
Nanobioremediation: A sustainable approach
towards the degradation of sodium dodecyl sulfate
in the environment and simulated conditions. J
Basic Microbiol. 2022;62(3-4):348-360.
d0i:10.1002/jobm.202100217

Egyptian Journal of Medical Microbiology

ejmm.journals.ekb.eg info.ejmm22@gmail.com



