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Abstract 

     Sodium lauryl ether sulfate (SLES), a surfactant frequently incorporated into 

detergent formulations, typically ends up in wastewater treatment facilities after 

use. The present study aims to investigate the efficacy of bacteria isolated from 

Iraqi wastewater in removing SLES. Genetic analysis (16S rRNA) revealed that this 

strain is Klebsiella oxytoca. Three temperatures (30, 35 and 40) oC and pH values 

(5,7 and 9) were selected for this study, and three concentrations of SLES (25, 50, 

100) mg/l were used. The SLES anionic surfactant demonstrated that the best 

biodegradation by Klebsiella oxytoca occurred at 30 oC and both pH 7 and 9, while 

the removal percentage for them was 98.32% and 95.4 %, respectively at 25 mg/l of 

SLES. The outcomes of this study revealed the potential and significance of SLES 

removal in actual effluents by aerobic biodegradation. The ability of this bacterium 

to degrade SLES makes it an important tool for bioremediation. 
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 بكبريتات لوريل إيثر الصوديوم لمعالجة التلوث   Klebsiella oxytocaاستخدام بكتريا 
 

 ، إيثار كامل الميالي *حسين علي عوض الزاملي
 قسم علوم الحياة, كلية العلوم, جامعة بغداد, بغداد, العراق 

 
 الخلاصة  

     ( الصوديوم  إيثر  لوريل  يتم  SLESكبريتات  التنظيف  في  فعال  السطحي  للتوتر  خافضة  مادة  هو   )
الصرف   مياه  معالجة  محطات  في  عادة  الأمر  به  ينتهي  المنظفات،  تركيب  في  متكرر  بشكل  استخدامه 
الصحي. تهدف الدراسة الحالية إلى التحقيق في فعالية البكتيريا المعزولة من مياه الصرف الصحي العراقية  

للـ   الجيني  التحليل  أظهر  الصوديوم.  إيثر  لوريل  كبريتات  إزالة  هي     16S rRNAفي  السلالة  هذه  أن 
Klebsiella oxytoca   وثلاثة قيم من ال  ͦ م  40و 35و  30. اختيرت ثلاث درجات حرارة pH 5  و   7و

( ملغرام / لتر.  100،    50،    25لهذا الغرض, واستخدم ثلاثة تراكيز من كبريتات لوريل إيثر الصوديوم )    9
حدث    Klebsiella oxytocaأن أفضل تحلل حيوي بواسطة    SLESأظهر الخافض للتوترالسطحي الأنيوني  

٪ على التوالي  95.4٪ و 98.32، حيث كانت نسبة الإزالة لهما 9و  7درجة مئوية ودرجة حموضة  30عند 
من    25عند   لتر   / إزالة  SLESملغ  وأهمية  إمكانية  عن  الدراسة  هذه  نتائج  كشفت   .SLES    النفايات في 

تجعلها أداة مهمة    SLESالسائلة الفعلية عن طريق التحلل الحيوي الهوائي. إن قدرة هذه البكتيريا على تحلل  
 .الحيوية للمعالجة  

 

 

 

              ISSN: 0067-2904 

mailto:hawad@uowasit.edu.iq


7531 -6431Iraqi Journal of Science, 2025, Vol. 66, No. 8, pp:                                       Mayaly-Aland  Zamili-Al 

3165 

 

1. Introduction 

     Anionic surfactants account for 60% of the global surfactant production, with sodium 

lauryl ether sulfate (SLES) being one of the most commonly used anionic surfactants. SLES 

is a blend of primary linear alkyl ether sulfates (AES) [1, 2]. The molecular formula for SLES 

is (CH3[CH2]11[OCH2CH2]n OSO3Na+) which is the most frequently utilized for 

household and industrial applications. It is used in many products, including detergents, 

cosmetics, and items for personal care, due to its inexpensive production and strong 

emulsifying and foaming qualities [3].  Surfactants are widely used, and as a result, they 

frequently exist in industrial and household wastewater. According to reports, the majority of 

surfactants are biodegradable to some extent, due to their complex structures and high 

molecular weights, which frequently involve multiple steps in the biodegradation process 

[4,5]. The biodegradation of metabolites generated through surfactant biodegradation may be 

slower than that of the parent substance. In streams and rivers near dams or obstructions, 

large masses of foam have been developed as a result of incomplete surfactant biodegradation 

[6,7]. Wastewater treatment involves a diverse range of methods, including chemical, 

biological, and physical treatment, to remove surfactants. The most effective method for 

treating wastewater will depend on key factors, including energy consumption, treatment 

costs, environmental impact, influent and effluent quality, and treatment costs [8]. Physical 

treatment techniques have the advantages of being robust, chemical-free, and requiring less 

operational input; however, their main disadvantages are producing secondary waste, having 

high capital cost (requiring land/space), and having a long retention period [9].  

 

     Chemical methods offer advantages such as reduced sludge generation and high pollutant 

removal efficiency; however, they also present drawbacks, including high operational and 

chemical costs as well as the production of secondary waste. In contrast, biological methods 

are characterized by low cost and ease of application [10]. The study of the decomposition of 

anionic surfactants by microorganisms is considered very important in reducing their 

environmental impact. Bacterial activity is the main reason responsible for the degradation of 

surfactants in the ecosystem. In addition to improving the removal of these surfactants from 

the environment and reducing their impact on ecosystems, biodegradation is an essential 

process for treating surfactants found in raw sewage in treatment plants. Microbes can co-

metabolize surfactants through microbial metabolic reactions or use them as substrates for 

energy and nutrients during biodegradation [11]. Some recent studies have indicated that 

SLES can be broken down by the bacterial consortia that were isolated from wastewater and 

activated sludge. Most of the consortia's identified bacteria were members of the 

Gammaproteobacteria family, which includes Aeromonas, Serratia, Pseudomonas, 

Alcaligenes, Azotobacter, Enterobacter, Klebsiella and Acinetobacter [12,13.14]. Ether 

cleavage is the primary mechanism of aerobic degradation of SLES. This process yields 

intermediate compounds that can undergo additional degradation and release sulfate. A 

further potential pathway involves the direct cleavage of the AES ester to split the sulfate, 

which occurs before the carbon body's degradation [15]. This study aimed to isolate and 

assess the efficiency of an aerobic bacterial strain that can degrade SLES. 

 

2. Materials and Methods: 

2.1. Chemicals and Media 

     Sodium lauryl ether sulfate (CAS n. 68585-34-2, 70% purity) and other biochemicals were 

purchased from Sigma (USA), and acetone was used to dissolve SLES to prepare of the stock 

of 1000 mg/L. Following, the stock solution was filter-sterilized and stored in the refrigerator. 

The bacterial strains that degraded SLES were isolated and cultivated using nutrient broth, 
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nutrient agar and mineral salt media, as stated by [16]. The composition of mineral salt 

medium (MSM) was prepared according to [17]. 

2.2. Isolation and screening of bacteria that degrade SLES 

     Samples were collected from three sewage treatment plants that were contaminated with 

surfactant (in December 2022), which have been assigned the designations (1, 2, and 3) 

belonging to sites within Al-Kut City in the Wasit Governorate of Iraq. 

For enrichment, sewage samples (10 ml) were added to 250 ml Erlenmeyer flasks containing 

150 ml of MSM supplemented with 50 mg/L SLES for enrichment. The flasks were then 

incubated for five days at 150 rpm and 30 ºC [18]. The pour plate method was employed for 

the isolation of bacteria using nutrient agar, from the last enrichment culture, according to 

[19]. 

Bacterial cultures that SLES degrading were selected by: 

1-  Primary screening is carried out by cultivating them on nutrient agar plates with 200 

mg /L of SLES the sole source of energy and carbon, as described in [20]. 

2- Secondary screening was conducted through cultivation on solid ( MSM) that were 

incubated at 30 oC for 24 to 96 hours, with SLES serving as the only source of energy and 

carbon at concentrations between 200 to 2000 mg/L. The growth of bacterial isolates was 

based on the bacteria growth on solid mineral salt media [16,21]. 

 

2.3. Identification of the bacterial strain that degrades SLES 

     In addition to studying the shape, color, odor, and margin of the colonies grown on 

nutrient agar, microscopic analysis of slides stained with gram stain was conducted to 

distinguish between gram-negative and / from gram-positive bacteria [22]. The isolated 

bacteria were identified by PCR technology. Total DNA of bacterial isolated was extracted 

by using the G- spin DNA Extraction Kit (iNtRON biotechnology/Korea, cat.no. 17045). The 

16S rRNA gene was amplified by using the universal primer 27F (5'- 

AGAGTTTGATCCTGGCTCAG- 3') and 1492R (5' GGTTACCTTGTTACGACTT- 3’).  

The 16SrRNA gene sequence was analyzed and the results were compared with the standard 

data of similar registered strains in NCBI [23]. 

 

2.4. Laboratory experiment 

     Sets of 250 ml Erlenmeyer flasks holding100 ml of the medium were prepared, the pH 

was adjusted to 7 and autoclaved at 121ºC and 1.5 bar for 15 min, then sets of SLES with 

three concentrations 25, 50 and 100 mg/L were added to flasks, then added inoculum of 

Klebsiella oxytoca that isolated and incubated after activated in nutrient broth overnight, the 

flasks were incubated in a shaker incubator (150 rpm) for 15 days and the growth was 

measured by recorded values of optical density by spectrophotometer on the wavelength is 

600 nanometers every two days [24]. The experiment was conducted at three different 

temperatures (30, 35, and 40 ℃) and two pH levels (5 and 9) for a duration of 15 days. 

Optical density measurements were taken for each condition, and 5 ml samples were 

extracted for HPLC analysis to assess the biodegradation efficacy. 

2.5. High Performance Liquid Chromatography (HPLC) 

           Sodium lauryl ether sulfate concentrations used in the current study were 25, 50, and 

100 mg/L . 

HPLC was used to determine the SLES content, and the following equations were employed 

to calculate the percentage of SLES biodegradation (1, 2) [25]: 

 

𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 𝒐𝒇 𝒃𝒊𝒐𝒅𝒆𝒈𝒓𝒂𝒅𝒂𝒕𝒊𝒐𝒏 =  
𝒄𝒐𝒏𝒄.𝒐𝒇 𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅−𝒄𝒐𝒏𝒄.𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆

𝒄𝒐𝒏𝒄.𝒐𝒇 𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅
 𝑿 𝟏𝟎𝟎  

Or 

   𝑷𝒆𝒓𝒄𝒆𝒏𝒕𝒂𝒈𝒆 𝒐𝒇 𝒃𝒊𝒐𝒅𝒆𝒈𝒓𝒂𝒅𝒂𝒕𝒊𝒐𝒏 =  
 𝒃𝒆𝒂𝒌 𝒂𝒓𝒆𝒂 𝒐𝒇 𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅−𝒃𝒆𝒂𝒌 𝒂𝒓𝒆𝒂 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆

𝒃𝒆𝒂𝒌 𝒂𝒓𝒆𝒂 𝒐𝒇 𝒔𝒕𝒂𝒏𝒅𝒂𝒓𝒅
 𝑿 𝟏𝟎𝟎  
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3. Results and discussion 

3.1. Identification of bacteria 

     In this study, sewage samples from one of the wastewater plants in Wasit Province /Iraq 

were considered a significant source of locally prevalent bacteria that can mineralize anionic 

surfactants. The SLES-degrading strain isolated in this study were gram-negative rods.  K. 

oxytoca, was isolated, purified, and selected based on their capability to use SLES as a carbon 

source, The bacterial isolate K. oxytoca was identified based on the nucleotide sequence of 

the 16S rRNA gene (PCR technology). 

 

3.2. Impact of Temperature and pH on growth of Klebsiella oxytoca 

     Surfactant biological degradation is typically influenced by several factors. It is well 

established that the degradation rate is influenced by environmental factors such as 

temperature, pH, shaking, and nutrient availability [26]. The present study investigated the 

effects of temperature and pH on SLES degradation. The results presented in Table 1 reveal 

that notable differences exist in the growth of bacteria at various temperatures and pH levels. 

The most significant bacterial growth was observed at pH 7, with highest values recorded at 

30 ºC, 35 ºC, and 40 ºC, which were 0.410, 0.366 and 0.110 nm respectively. Also, the better 

and more significant means of bacterial growth under pH 5, 7 and 9 measured at 30 ºC were 

0.360, 0.410, and 0.370 nm respectively. The mean value of K. oxytoca growth was highest at 

30 ºC and pH 7, which was 0.410 nm, and lowest at 40 ºC and pH 5 which was 0.081 nm 

(Figure1). 

 

 
Figure 1 :Mean value of K. oxytoca  growth of at different temperatures and pH value after 

15 days of incubation. 
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Table 1: Mean value of K. oxytoca   growth of at different pH and temperatures degrees after 

15 days incubation, and LSD value with 25 mg/L of SLES 
Temp. pH 5 7 9 LSD value 

 

30 ºC 

0.253 - 258 

0.256 ±0.054 

0.361 – 0.370 

0.365 ±0.097 

0.298 – 0.308 

0.302 ±0.100 
0.064* 

 

 

 

35 ºC 

 

c 

 

0.211 – 0.218 

0.215 ±0.035 

c 

a 

 

0.321 – 0.329 

0.325 ±0.061 

a 

b 

 

0.264 – 0.266 

0.265 ±0.064 

b 

 

 

0.126* 

 

 

40 ºC 

 

0.068 – 0.080 

0.073 ±0.019 

 

0.113 – 0.117 

0.115 ±0.025 

 

0.095 – 0.104 

0.099 ±0.027 

 

0.073 NS 

 

 

LSD value 

a 

 

0.074* 

a 

 

0.122 * 

a 

 

0.073 * 

 

 

--- 

* (P≤0.05), NS: Non-Significant. 

 

Accordingly, the optimal degradation occurs at a temperature 30oC for isolated bacteria, 

similar research revealed that 30°C was necessary for the optimal degradation of surfactants 

by Citrobacter braakii, Pseudomonas, Delftia acidovorans, Acinetobacter calcoaceticus, and 

Pantoea agglomerans [12,24.27.28]. Temperature and microbial activity were found to be 

directly correlated during SLES degradation. A rise in temperature beyond 37°C may not 

only impact growth but could also increase the toxicity of microbial membranes. According 

to the data, 30oC would be the ideal temperature for better SLES degradation, as confirmed 

by HPLC. Temperature generally affects the SLES compound's physical and chemical 

properties, microbial metabolism, the rate at which certain microorganisms grow, the rate at 

which enzymatic activity involved in the oxidation process occurs, and the makeup of the 

microbial community, all of which affect the rate at which SLES biodegrades [24].  The 

degradative activity of bacteria is significantly influenced by pH [29]. The results indicated 

that the ideal pH for K. oxytoca growth in MSM containing SLES is 7, this conclusion is 

corroborated by the findings of [30], who found that isolated strains of Pseudomonas can 

grow and maintain their capacity for degradation across a broad pH range, with optimal 

growth occurring at pH roughly. These results in agreement with [27], who reported that 

many SLES-degrading bacteria, including Citrobacter braakii, grow optimally on SLES at a 

pH of 7. The pH level may have an impact on the enzyme(s) responsible for SLES 

degradation [31].  

 

  Impact of incubation time on biodegradation and growth 

Table 2 presents the results, indicating a significant difference (P < 0.05) in the mean 

bacterial growth across various incubation times. After fifteenth day of incubation, the 

selected bacteria isolated showed that the highest mean growth was on the ninth day ( 0.490 

nm), and the lowest growth was on the one day ( 0.205 nm). The growth rate of the selected 

bacteria that were isolated increased gradually from one day to the ninth day, and then started 

to decrease (Figure 2).   
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Figure 2: The average value of bacterial growth over various incubation times. 

 

Table 2:Mean values ± SD of Bacterial growth at 600nm at various incubation times, and 

LSD value. 

Incubation period / Days Mean± SD of bacterial growth K. oxytoca 

1 0.205 ± 0.012 

3 0.310 ± 0.015 

5 0.400 ± 0.010 

7 0.440 ± 0.012 

9 0.490 ± 0.006 

11 0.425 ± 0.0105 

13 0.370 ± 0.022 

15 0.280 ± 0.028 

LSD ≤ 0.05 0.022 

     

SLES degradation increased significantly as the incubation time increased.  According to 

[32], after 120 hours, Pseudomonas beteli was able to degrade up to 94% of the SDS levels. It 

is widely recognized that extending the incubation period increases the number of viable 

organisms, especially on medium with minimal amounts of nutrients, and as a result of 

contaminant concentration depletion and the production of intermediate substances and 

metabolic byproducts, which in turn leads to a decrease in media pH and subsequent 

inhibition of bacterial growth [33]. 

 

3.3. HPLC analysis of biodegraded SLES 

     For the degradation efficacy test, the bacteria were inoculated into a mineral salt medium, 

with SLES at three concentrations 25, 50 and 100 mg/L;  the surfactant was added to 100 mL 

of mineral salt medium at three different temperature degrees and pH. These samples were 

analyzed with the HPLC system [34]. An analysis of a standard solution of surfactant was 

done, where the concentration of the standard solution was 10 mg/L and the peak area was 

(1025.5) per (5.90) minute. The comparing figures of SLES were done according to the 

concentrations used in the study (Figure 3). 
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Figure 3: Peak area for 10 mg/L of SLES 

 

     The results of the HPLC analysis are mentioned in Table 3, which explains the 

concentrations of SLES, peak area of samples, percentage of removal, and remaining 

concentration for each sample. 

 

Table 3: Removal percentage of SLES samples by different temperature, pH and 

concentration  

 

Temperature ◦C 

 

Concentration of  SLES (mg/L) 

 

pH 

 

Peak  area 

(mAU.s) 

 

% 

removal 

 

Remain conc. 

(mg/L) 

 

 

 

 

30 

 

25 

9 117.75 95.4 1.15 

7 43.08 98.32 0.42 

5 204.27 92 1.5 

50 

9 966.24 81.16 9.42 

7 612.19 88.06 5.97 

5 1281.87 75 12.5 

100 

9 3058.02 70.18 29.82 

7 2358.15 77 23 

5 3988.48 61.1 38.9 

 

 

 

 

35 

 

25 

9 382.22 85.08 3.73 

7 153.06 94 1.5 

5 560.21 78.12 5.47 

50 

9 1536.03 70.04 14.98 

7 915.16 82.16 8.92 

5 1845.55 64 18 

100 

9 3589.25 65 35 

7 2650.55 74.2 25.8 

5 5126.75 50 50 

 

 

 

40 

 

25 

9 2051.00 20 20 

7 1987.17 22.48 19.38 

5 2127.75 17 20.75 

50 

9 4299.35 16.16 41.92 

7 4204.15 18 41 

5 4459.48 13.02 43.49 

100 

9 8706.35 15.1 84.9 

7 8500.88 17.1 82.9 

5 9126.54 11 89 
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     In this table, the dissociation of SLES surfactant in different concentrations with different 

temperatures and pH, where the best result was the dissolution of the SLES into its secondary 

components at a temperature of 30 ͦ C and pH 7 ( Figure 4) with the concentration used 25 

mg/L, and the lowest results were at temperature 40 ͦ C at pH 5 with the concentration used 

100 mg/L as in ( Figure 5). This mean that the higher the temperature and concentration of 

SLES and the lower the pH value, the less efficient this bacteria is in degrading the 

surfactant. 

 

 
Figure 4: The highest removal of SLES 

 

 
Figure 5: The lowest removal of SLES 
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     The degradation percentage increased significantly at 25 mg/L of SLES, but, decreased at 

100 mg/L [34], which indicates a higher efficiency of degradation at a neutral pH. However, 

acidic pH with nearly 50% degrading rate, while alkaline pH gave nearly 80% degrading rate 

at different concentrations and amounts of surfactant. Additionally, previous studies [18], 

have shown that the neutral environments promote more degradation than alkaline and acidic 

because in acidic environments the stability of bonds increased. Several bacterial strains that 

can break down comparable substances have been isolated from environments contaminated 

with surfactants [35]. In this study, high levels of degradation were attained with low 

concentrations of SLES. The high percentage of SLES degradation of K. oxytoca  at a 

concentration of 25 mg/l in the medium  was 98.32%, while it was 88.06% and 77 % for 

concentrations of 50 and 100 mg/L respectively at pH 7, Temperature 30. Higher 

concentrations resulted in a noticeable slowdown in the rate of degradation, which,  appears 

to be related to the surfactant's harmful effect on bacterial growth [36]. Sodium lauryl ether 

sulfate can be poisonous and harmful to microorganisms at certain concentrations. This is due 

to the SLES adsorption causing the cell membrane of microorganisms to depolarize, which 

reduces the absorption of supplements and alters the release of material from cell metabolism. 

When the concentration of SLES is high, it is deadly to the bacteria because it removes the 

lipopolysaccharide outer layer of gram-negative bacteria. The viability of microorganisms 

will eventually decline [24,37]. K. oxytoca bacteria demonstrated effective degradation of 

SLES, suggesting that this bacterium is a viable option for the disposal of SLES in 

contaminated environments. The results agreed with [12,26, 38], which use bacteria to 

degrade SLES and show 75 – 100 % percentage of degradation to SLES explained by HPLC 

analysis. The slight difference in the percentage of digestion is due to the efficiency of the 

type of bacteria, the isolated strain type, and its adaptation to the environment [39]. 

 

Conclusion 

     The discharge of synthetic surfactants into the water bodies hinders aeration due to their 

high foaming and low oxygenation capacity. Microbes are shown to be an efficient degrader 

of anionic surfactants. The bacteria obtained in the present study are capable of utilizing 

SLES as their carbon source and this makes the bacterium an important tool in the 

bioremediation of wastewater contaminated with surfactants. Klebsiella oxytoca showed a 

high degradation rate of SLES. The optimum temperature for Klebsiella oxytoca was found to 

be 30°C and pH was found to be 7 but the degradation rate decreases with increase SLES 

concentration.  
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