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ABSTRAC: Escherichia coli may be utilized to decrease some of the contaminants in wastewater from the Al Muthanna 

wastewater treatment plant's final sedimentation basins, according to the results of the current research. Using chromogenic 

urinary tract infection (UTI) agar to create dark blue colonies, bacteria were isolated from the intended area and identified. 

Escherichia coli was used in the experiment, which was carried out in a lab setting, and it was put to contaminated water 

that had previously been autoclave-sterilized. Following the incubation of sterile contaminated water and bacteria in the 

incubator under optimal circumstances, various physical and chemical variables were measured to indicate its potential to 

eliminate certain pollutants. The findings indicated that the pH had a minor tendency toward alkalinity and that the salinity, 

nitrates, electrical conductivity, and total alkalinity were all low. On the other hand, the bacteria were very effective in 

lowering phosphate, calcium, magnesium, and overall hardness. After treatment, the readings of ammonia raised. The 

results demonstrated how well bacteria work to lower copper and zinc levels in treated water. During the course of the 

treatment, while the bacteria showed no efficacy in lowering iron levels. 

Keywords: Biological treatment, wastewater,  E.coli, heavy metals.  
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1. Introduction 

Water is a vital resource that is necessary for 

human survival as well as the general well-being 

and success of all species on Earth [1]. Water 

contamination has been a problem for humans 

throughout time as a result of both fast 

population increase and technological 

improvement. Furthermore, it is a frequent 

practice in developing nations like Ethiopia, 

Kenya, Nigeria, and India to discharge effluent 

into water bodies without first applying the 

required wastewater treatment [2]. The 

ecosystem and public health may be severely 

harmed by the presence of many contaminants in 

wastewater, including microorganisms, organic 

and inorganic impurities, and heavy metals [3]. 

Trash and debris disposal into natural water 

ponds may have detrimental effects on aquatic 

ecosystems, endangering both human health and 

natural habitats [4]. Thus, before being released 

into the environment, wastewater has to be 

properly cleaned and treated. Water pollution can 

no longer be completely removed by traditional 

wastewater treatment techniques. As a result, the 

treated water may still contain trace levels of 

pollutants [5]. Pollutants are hazardous materials 

that may harm the environment and interfere with 

a variety of plant cellular processes [6]. 

Alternative wastewater treatment techniques are 
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needed because of the detrimental impact that 

contaminants have on aquatic habitats and human 

life [7], [8]. Traditional environmental cleaning 

techniques that include physical and chemical 

processes deteriorate the environment and may 

lead to secondary contamination. Consequently, 

one alternative to these conventional techniques 

is biological treatment. Water, soil, sludge, and 

waste streams will all be cleaned up via 

bioremediation [9]. Microbial biotechnology is a 

discipline that is surprisingly expanding and 

changing, offering a variety of solutions for 

handling environmental problems. 

This work aimed to study the ability of E.coli to 

treat pollutants in domestic waste water. 

2. Materials and Methodology 

2.1 Description of the Wastewater Treatment 

plant 

The Central Wastewater Treatment Plant is 

located in the Al-Muthanna Governorate – the 

Al-Rumaytha district in the Al-Daboush area, 

about (25 km) away from the city center 

(Samawa). The stages of treatment include 

several steps. It begins with the mechanical or 

physical treatment stage, where heavy water 

(wastewater) enters from the main conveying 

pipe in pump station 2 in Rumaytha to the main 

entry station (inlet). It contains a clip to hold 

stones, cans, pieces of cloth and nylon. Then to 

the basins for removing sand and fat, and then to 

the narrowing basins to narrow and accelerate the 

movement of water. The water enters the aeration 

ponds, where the primary treatment is carried out 

by aerobic bacteria to remove phosphorus, 

nitrogen and nitrates. In the second part of the 

aeration ponds, the water is treated by aerobic 

bacteria that analyze heavy water, and then to the 

sedimentation ponds to rid the water of 

suspended matter. Then to the chlorination ponds 

and finally to the final station that pumps the 

treated water to the drain (information from the 

station management).  

2.2. Microbial Isolation and Sample 

Collection 

as soon as samples are taken from the necessary 

location (sedimentation ponds). In order to 

determine whether common bacteria were 

present in wastewater samples, water samples 

were collected in 1000 ml glass bottles that had 

been thoroughly cleaned, rinsed, and sterilized. 

The samples were then inoculated onto UTI 

chromogenic agar, or MacConkey agar. A 1 ml 

waste water sample was transferred to 9 ml of 

normal saline, and 300 µl was taken to be grown 

on the previously described agar. The sample was 

then incubated at 37 °C for 48 hours. The 

medium's chromogenic guide will be used to 

diagnose the bacteria that have grown. [10] E. 

Coli colonies seem dark blue. 

2.3. Treatment mechanism using bacterial 

isolates 

E. coli was isolated and used in the treatment 

procedure. An autoclave was used to sterilize the 

wastewater sample from the site, and 10 
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milliliters of each bacterial isolate's culture were 

then added to 200 milliliters of wastewater in 500 

milliliter plastic bottles. The treatment was then 

incubated at 30 degrees Celsius for a week. As 

per [11], the experiment was carried out. 

Alkalinity (T.K), phosphates (PO4⁻), nitrates 

(NO3⁻), nitrite (NO2⁻), ammonia (NH3), total 

dissolved solids (TDS), salinity, hydrogen ion 

concentration (pH), total hardness (TH), calcium 

(Ca⁺²), magnesium (Mg⁺²), and heavy metals (Cu, 

Zn,Fe). were measured using the techniques 

indicated in the following table: 

 

Fig 1: Map of study site. 

Table 1: Physiochemical parameters and methods were used in the current study. 

NO Parameters Acronyms Unit Methods 

1 Water Temperature WT C˚ Mercury Thermometer (0-

100C)[12] 

2 Electrical conductivity EC πs/cm multi-meter Sm801[13] 

3 Salinity - ‰ By the Conductivity Equation 

Salinity‰ =EC x 640 x 10ˉ⁶;[14] 

4 Total dissolved solids TDS mg/l gravimetrically according to[15] 
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5 Total suspended solid TSS mg/l gravimetrically according to[15] 

6 Hydrogen ion 

concentration 

pH - multi-meter Sm801[13] 

7 Total hardness TH mg CaCO3/l EDTA-2Na titration using EBT as 

an indicator;[15] 

8 Calcium Ca⁺² mg CaCO3/l EDTA-2Na titration using 

hydrogen peroxide as an 

indicator;[15] 

9 Magnesium Mg⁺² mg/l Calcium hardness (as mg 

CaCO3/L) minus overall hardness 

(as mg Mg/L)*0.243;[15] 

10 Total Alkalinity TA mg/l As CaCO3 by titration method[15] 

11 Phosphates PO4 μl/g Molybdate ascorbic acid 

method;[16] 

12 Nitrates NO3 μl/g Cadmium reduction method; [17] 

13 Nitrite NO2 μl/g Colorimetric methods;[17] 

14 Ammonia NH4 μl/g Handbook of common methods in 

Limnology,[18] 

15 Copper Cu μl/g by flame atomic absorption 

spectrophotometer;[15] 

16 Iron Fe μl/g by flame atomic absorption 

spectrophotometer; [15] 

17 Zinc Zn μl/g by flame atomic absorption 

spectrophotometer;[15] 

2.4. Statistical Analysis 

SPSS was used to examine the data.V.12. 

Sequential factorial trials were used for 

statistical analysis, and manually generated  

Least Significant Differences (LSD) were 

used. P value < 0.05 was taken into account 

statistically noteworthy.      
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3. Results and Discussion 

E. Coli typically develops in a temperature 

range of 23 to 40 °C, however the present 

study's data suggest that it mutates and 

divides more effectively around 30 °C [19]. 

The statistical analysis shown in Figure 2 (a) 

verified that the temperature values of water 

treated by bacteria differed significantly 

(p≤0.05).

 

 

 

Figure 2: Some physical parameters for domestic water during treatment period by E.coli (a:temperature, 

b: Electrical conductivity and c:Salinity. 

After being treated with E. coli, the 

electrical conductivity value in the present 

investigation dropped from 1999μs/cm to 

1915μs/cm. Figure 2 (b), 4.20 percent of the 

EC was removed. This might be because the 

bacteria are raising pH or dissolved 

inorganic carbon by catalyzing carbonate 

deposition via a variety of metabolic 

pathways, including photosynthesis, 

urinalysis, ammonia, denitrification, sulfate 

reduction, anaerobic sulfide oxidation, and 

methane oxidation. [20], [21], [22], and 

[23]. Moreover, metal ions may be absorbed 

by cell walls that contain negatively charged 

functional groups, such as carboxyl and 
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amine phosphates [24],[25]. Because 

bacteria have genes that allow them to react 

to high salinity or stressful environments, 

and because they also physically absorb 

salts via certain metabolic pathways, the 

higher the salinity, the faster the bacteria 

grow [26]. 4.20 percent of the salinity was 

removed. The statistical analysis revealed 

that there was no significant change 

(p≤0.05) in the electrical conductivity and 

salinity values of the water treated by 

bacteria, as shown in Figure 2 (c).

After being treated with E. coli, the pH values 

in the study (figure 3) (a) slightly rose in an 

alkaline direction. This might be attributed to 

the microbial breakdown of proteins and 

amino acids in the wastewater into ammonia, 

which raises the pH of the sample. The 

presence of microorganisms that break down 

organic compounds is also indicated by the 

change in pH of wastewater [27]. The findings 

of the statistical study showed that the pH 

values in the water treated by bacteria did not 

change significantly (p≤0.05). 

After treating the contaminated water with E. 

coli, the overall hardness values fell from 

1100 mg CaCO3/L to 1040 mg CaCO3/L, with 

a removal percentage of 5.45%, as shown in 

Figure 3(b).This might be because the 

negatively charged surfaces of 

microorganisms attach cations, particularly 

Ca2+, to their surfaces, scavenging them from 

aquatic environments. As a result, microbes 

are perfect locations for the nucleation of 

crystals [28], [29].CaCO3 precipitation 

therefore depends on the proper supply and 

concentration of calcium. In order to promote 

further calcite formation, bacterial cells 

provide an alkaline environment and serve as 

nucleation sites for CaCO3 precipitation [30]. 

The statistical study revealed that the total 

Hardness values in the water treated by 

bacteria did not change significantly (p≤0.05). 

Following E. coli treatment, calcium levels 

dropped from 240 mg CaCO3/l to 165 mg 

CaCO3/L. Figure 3(c) shows the percentage of 

removal (31.25%). In bacterial cells, calcium 

has a "general reset" function and aids in the 

structure of the alleged bacterial "skeleton" 

[31].Prokaryotic cell growth is significantly 

influenced by Ca2+, which is also involved in 

a variety of bacterial functions such as gene 

expression, chemotaxis, transport, cell 

differentiation, and pathogenicity. Wall-less 

E. coli that grows in a L shape needs calcium 

for growth; without it, the cells stop dividing, 

expand, form huge vacuoles, and finally 

decompose [30]. The results of the statistical 

study showed that the amounts of calcium in 

the water treated by bacteria differed 

significantly (p≤0.05). 

 Additionally, magnesium concentrations 

dropped from 208 mg CaCO3/L to 188 mg 

CaCO3/L after E. Coli therapy. Figure (3) (d) 

shows the percentage of removal (10.05%). It 

is required for the action of several enzymes 
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and for preserving the ribosome's structural 

integrity in live cells. The ion is necessary to 

keep the bacterial cell's permeability barrier 

intact. Spheroplast stability caused by 

magnesium ions also points to a possible role 

for them in maintaining the integrity of cell 

membranes. The presence of magnesium is 

known to be necessary for ribosome stability 

in vitro. Similarly, massive turnover 

(degradation and synthesis) of ribosomes 

occurs in live bacteria depriving them of 

magnesium, which breaks down the ribosomal 

protein. While ribosomal RNA may still be 

deposited in acids, it is not recycled when new 

ribosomes are simultaneously formed. [32]. 

The results of the statistical study showed that 

the amounts of magnesium in the water 

treated by bacteria differed significantly 

(p≤0.05). 

Figure 3(e) shows that the total alkalinity 

dropped from 820 mg/L to 340 mg/L and that 

the elimination percentage was 58.54% while 

treating wastewater with E. coli. This is 

because carbonate precipitation is either 

enhanced or inhibited by extracellular 

polymerase (EPS), which plays a significant 

role in microbial calcification [24, 29]. 

Bacteria that are heterotrophic or autotrophic 

may both create EPS [33]. Divalent cations 

like Ca2+ and Mg2+ may be trapped in 

considerable quantities by EPS that include a 

variety of acidic residues and sugars [34]. EPS 

contains metallic bonds, including carboxyl, 

phosphate, amine, and hydroxyl groups 

[24],[35]. EPS adheres to these negatively 

charged groups in order to extract free cations 

from the solution. As a result, EPS inhibits 

calcium carbonate saturation and stops 

carbonate precipitation [36]. The results of the 

statistical analysis demonstrated that the total 

alkalinity levels in the bacterially treated 

water differed significantly (p≤0.05). 

Following treatment, phosphate readings 

dropped as shown in figure 4(a), with an 

elimination percentage of 80.76 percent. 

Currently, wastewater treatment facilities 

biologically remove phosphorus by allowing 

microorganisms like bacteria to absorb 

dissolved orthophosphate, polyphosphate, and 

organophosphate. An acknowledged and less 

costly alternative for chemical phosphate 

removal in wastewater treatment is biological 

phosphate removal. Microorganisms utilize 

phosphorus for a variety of purposes, 

including cell maintenance, nucleic acid 

synthesis, the phospholipids that make up cell 

membranes, and internal chemical energy 

transfer processes involving ATP molecules. 

Additionally, some phosphorus is retained by 

cells for later use. The creation of net living 

biomass determines how much phosphate is 

eliminated. A different biotechnological and 

environmentally friendly approach to the 

environment and its inhabitants is biological 

phosphate removal (EBPR) [37]. The results 

of the statistical analysis showed that the 

levels of phosphate in the water treated by 

bacteria differed significantly (p≤0.05). 
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Figure 3: some chemical parameters for domestic water during treatment period by E.coli (a: pH, b: Total 

Hardness, c: Calcium, d: magnesium and e: total alkalinity). 

The nitrate readings reduced following 

treatment, as shown in Figure 4(b), and the 

elimination percentage was 50.00%. 

Regarding bacteria Nitrate is an important 

component of E. coli's physiology and is the 

second most appropriate electron acceptor 

after oxygen. For respiration, E. Coli may use 

a variety of electron acceptors, including 

nitrite, nitrate, and oxygen. Nitrate is the 

second most energy-dense substance after 

oxygen. Recent research has shown that the 

availability of terminal electron acceptors and 
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the production of biofilms in E. coli are strain-

dependent. For a variety of processes, 

including growth, assimilation, redox balance 

(homeostasis), and peripheral electron 

acceptor (respiration), E. Coli may reduce 

nitrate [38]. The results of the statistical 

analysis showed that the levels of nitrate in 

the water treated by bacteria differed 

significantly (p≤0.05). 

According to the present findings, the bacteria 

were effective in lowering the nitrite 

concentrations during the course of the 

treatment. The elimination rate was 26.45% in 

Figure 4 (c). This might have to do with the 

fact that nitrite is a byproduct of the two-step 

biological process known as nitrification, 

which converts ammonium to nitrate. 

Ammonia-oxidizing bacteria convert 

ammonia to nitrite in the first and last stage, 

the bacteria that oxidize nitrite to nitrate finish 

the process. De-nitrification may take place if 

the effluent is later exposed to anaerobic 

conditions, which means the process by which 

facultative heterotrophic bacteria convert 

nitrate to nitrogen gas biologically [39]. The 

results of the statistical analysis showed that 

the levels of nitrite in the water treated by 

bacteria differed significantly (p≤0.05). 

Ammonia levels rose from 2.26 mg/l to 4.5 

mg/l during bacterial treatment. The 

consumption of proteins or amino acids found 

in contaminated water is the scientific 

explanation, which causes ammonia to be 

released into the water [40]. Figure 4(d). The 

results of the statistical analysis showed that 

the values of ammonia water treated by 

bacteria differed significantly (p≤0.05). 

According to the available data, the bacteria 

were effective in lowering copper 

concentrations from 0.427 mg/l to 0.125 mg/l 

during the course of the therapy. According 

to Figure 5(a), 70.73% of the copper was 

removed. This was in line with what the 

study [41] found. This is because copper is a 

crucial micronutrient that plays a role in 

several physiological functions. It is a 

necessary cofactor in redox enzymes because 

it can move electrons between the copper 

(Cu+) and copper (Cu2+) states via a redox 

reaction. Enzymes such as cytochrome c 

oxidase, peptidylglycine alpha-amides 

monooxygenase, and superoxide dismutase 

SOD are essential for respiration, peptide 

processing, and defense against oxidative 

stress [42, 43]. Copper transporter 1 (Ctr1) 

brings copper ions (Cu+) into cells, where 

they are then distributed across the cytosolic, 

mitochondrial, and Golgi pathways for use 

[44]. The statistical results demonstrated that 

the levels of copper in the bacterially treated 

water differed significantly (p≤0.05). The 

iron percentage was >0.35, according to [45], 

however the present study's findings were 

>0.001. This difference helps to explain why 

there are low or no iron concentrations and 

why bacteria do not benefit from them. 
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Figure 4:  Some nutrients for domestic water during the treatment period by E.coli (a: phosphate, b: Nitrate, 

c: Nitrite and d: Ammonia). 

The proportion of iron removed from 

contaminated water was 0%. Figure 5 (b) 

shows that the iron levels in the water treated 

by bacteria did not change significantly 

(p≤0.05) according to the statistical analysis 

findings. 

With a removal percentage of 99.90%, the 

biological treatment of zinc with bacteria has 

a great reduction effectiveness. This could be 

because bacteria need zinc as a necessary 

element. It performs a variety of tasks, 

including acting as a catalyst for other 

molecules or proteins and being crucial for 

cell development and transcription. apoptosis, 

senescence, mitosis, and reaction to oxidative 

stress [46]. The statistical results shown in 

Figure 5(c) demonstrated a significant 

difference (p≤0.05) in the zinc levels in the 

bacterially treated water. 
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Figure 1 5: Some heavy metals for domestic water during treatment period by E.coli (a: Copper, 

b:Iron and c: Zinc). 

Conclusion 

 High effectiveness of Escherichia coli in 

removing pollutants from contaminated 

wastewater was observed. The results showed 

that the pH tended slightly towards alkaline 

side, and the values of electrical conductivity, 

salinity, nitrate , nitrite and total hardness 

were low, while showed high efficiency in 

reducing total alkalinity, calcium, magnesium, 

phosphate, zinc and copper. As for ammonia, 

its values increased after treatment, while it 

did not show any efficiency in reducing iron 

throughout the treatment period. Significant 

differences were found for each of (calcium, 

magnesium, phosphate, ammonia, zinc, 

copper, total alkalinity, nitrite, nitrate), and no 

significant differences were found for each 

(salinity, electrical conductivity, pH, total 

copper) after treating by bacteria.
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