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Abstract 

Heavy metal contamination, especially lead (Pb), is a growing environmental threat to aquatic 
ecosystems and human health. The present study aimed to isolate and identify bacterial strains 
from river water capable of remediating lead through biosorption and bioaccumulation. 
Samples from XYZ River were collected, and bacterial isolates were screened for lead tolerance. 
Among them, Pseudomonas aeruginosa and Bacillus subtilis exhibited maximum lead-removal 
efficiency. Optimization of physical factors such as pH, temperature, and initial lead 
concentration significantly enhanced biosorption efficiency. The results highlight the potential 
application of indigenous bacterial strains for eco-friendly and sustainable remediation of lead-
contaminated water bodies. 
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Introduction 

Pollutants primarily stem from both human and natural activities. The majority of municipal and 
industrial refuse is dumped into natural assets with no treatment [1]. Discharged waste 
constitutes a major source of various pollutants including organic and inorganic pollutants , and 
this has escalated the amount of pollution in the environment [2]. Chemical pollutants are also 
emitted into the air as a result of human forces. The majority of inorganic contaminants, 
including heavy metals, are much slower to decompose in the presence of chemical or 
microbiological agents and retain their structure for a longer duration after entering water 
bodies. 
 Toxicity of heavy metals is accompanied by the remarkably high density of 5 g/cm3 , with even 
trace quantities considered toxic [3–6]. Akgul et al. [7], in Wistar rats exposed to mercury vapor 
at 1 mg/m3 for 45 days, noted that histological changes were seen in the kidneys. Similar 
findings were made by Patra et al. [8] where, after injecting the rats with lead (1 mg/kg, bw, ip.) 
for 4 weeks, there was a substantial increase in the lipid peroxide content of the liver. What is 
important to underscore is that these elements are indeed dangerous, including metalloids 
such as arsenic which can become hazardous to human health due to minimal exposure [9]. The 
contamination with Lead (Pb) received the most focus due to the extremely perilous nature of 
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lead, and its use throughout different industries [10, 11]. Used as early as 4000 B.C., it is one of 
the earliest metals discovered. The rampant use of this highly toxic metal throughout the globe 
has resulted in increasing detrimental health and environmental issues. Lead in a dry 
atmosphere appears as a bright silvery metal with a bluish tinge [12]. 
 Lead is a dangerous pollutant that exists in water, soil, air, and even in our homes. Domestic 
sources, food and cigarette smoking, drinking water, and industrial activities are the main 
sources of lead exposure [13]. Other sources include gasoline, household paint, lead bullets, 
plumbing materials, pewter mugs, children’s toys, storage batteries and taps. [14, 15]. 
Adolescents who are infected by lead from inorganic lead particles through their mouths and 
noses suffer negative impacts on their physical development, mental health, and behavioral 
development [16]. It usually does not display symptoms; however, it can slowly damage the 
brain during childhood. In adults, it increases the risk of cardiac disease, hypertension, 
dementia, depression, stress, and death [14, 15, 17]. The World Health Organization claims the 
most affected people are children in developing countries as well as people living in or around 
lead polluted areas. [18]. 
An extensive number of methods have emerged for the purpose of resolving the problem of 
pollution with lead. Moreover, industrial physical and chemical approaches concerning the 
remediation of lead pollution have not been very efficient, and those measures have resulted in 
the creation of additional harmful by-products. Common techniques include precipitation, ion 
exchange, evaporation, electrochemical treatment, and membrane processes (ultra-filtration, 
reverse osmosis, electro-dialysis). All of the above are basic physic-chemical methods for 
removing the so-called heavy metals from polluted water and soil before discharge into water 
bodies or soil surfaces [19]. It is well known that these techniques have problems such as 
greater consumption of energy, additional chemicals, and chemical byproduct pollutants, 
among others [20]. This has shifted the focus towards sustainable solutions for bioremediation 
methods that degrade lead pollutants effectively. Bioremediation is an active process which 
employs living organisms such as and especially microorganisms and plants for the goal of 
cleaning contaminated water and soil. Various detoxification techniques can be employed by 
these microorganisms, including above mentioned strategies, through bioaccumulation, 
biotransformation, biosorption, and biomineralisation [14, 20]. 
Bioremediation cleans up pollution in an economical manner without generating extra 
pollutants. It is an innovative and successful way to clear hazardous substances and heavy 
metals from polluted lands and water. Biologically based approaches, including microorganism-
based and plant-based strategies are employed for the extraction and recovery of heavy 
metals. Using microorganisms (bacteria, microalgae, yeast, and fungus) to remove, convert, or 
detoxify heavy metals from the environment is known as microbial remediation, and interest in 
these techniques has increased signifcantly in recent years [21]. Using the environment's 
natural microorganisms to break down heavy metals into their harmless components, this 
biological treatment provides an excellent and environmentally safe way to clean up heavy 
metal-polluted water and soil [22]. The capacity of microorganisms, particularly bacteria, to 
adsorb, solubilise, and precipitate heavy metals through the processes of biosorption, 
bioaccumulation, bioleaching, and bioprecipitation has come into focus recently [14, 23, 24]. 
Microorganisms are the most suitable candidates for bioremediation because of their ubiquity, 
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diversity, abundance, tiny size, and remarkable capacity to grow and propagate under both 
regulated and uncontrolled settings while displaying sustainability [14, 25]. Adsorption on the 
bacterial cell surface is the primary mechanism by which heavy metals in solution are 
bioremediated by bacteria andadsorption is the initial defensive mechanism that bacteria have 
against metal toxicity [23]. To recover the water and manage the contamination of heavy 
metals in the aquatic environment, various studies have proposed the use of benefcial bacteria 
as a bioremediation agent [11, 16, 17, 19]. Various heavy metals in aquatic environments have 
been removed using strains of bacterial species, including Acinetobacter brisouii, Pseudomonas 
abietaniphila, Aeromonas caviae, Exiguobacterium indicum, and Acinetobacter haemolyticus 
etc. [14, 26]. According to Yamina et al. [27] and Bhakta et al. [26] the bacterial metalresistant 
characteristics were also developed as a result of the metal-contaminated wastewater. Due to 
their extremely adaptable and versatile character, bacteria have garnered the most interest 
among all the possible bioremediation agents [28]. Numerous bacteria have been found to 
have the ability to bioremediate lead, and many of these bacteria, including Pseudomonas 
aeruginosa reported by Kang et al. [29] and authors reported the maximum capacity of Pb(II) 
removal was recorded as 45 mg g −1 dry weight of bacteria at pH 5. Another bacterial strain 
Acidithiobacillus ferrooxidans was reported by Kim et al. [30] and authors reported that 75.8% 
of lead was removed by bacterial strain. Similarly Citrobacter sp. reported by Mohseni [31] and 
this strain efectively remove 95.06% of lead from aqueous solution. Sayyadi et al. [32] and Li 
et al. [33] reported the possible use of Bacillus pumilus sp. and Pseudomonas sp. I3 for the 
bioremediation of, 90% and 49.48 mg/g, of lead respectively. Bacillus cereus and Acinetobacter 
calcoaceticus were also reported as potential candidates for bioremediation of lead by Utami 
et al. [34] and Zhu et al. [35] and authors reported that these strains remove 109.08 μM 
(54.54%) and 58.80% of lead respectively. Microbial remediation is difcult because of the 
diversity of the environment, and highly adaptive bacteria are needed to detoxify contaminated 
areas. Therefore, it is imperative to investigate additional microorganisms possessing a specifc 
tolerance and robust adaptability to diverse aquatic habitats. The specifc objectives of this 
study were to: (1) screen, isolate, and identify lead-resistant bacterial isolates from water 
samples of Holy Kali Bein River; (2) minimum inhibitory concentration (MIC) analysis of the 
bacteria's level of metal tolerance; (3) the growth curves utilizing multiple growth media, pH 
values, and temperatures were examined for bacterial isolates; (4) Matrix-Assisted Laser 
Desorption Ionization-Time of Flight Mass Spectroscopy (MALDI-TOF), biochemical analysis, and 
16S rRNA sequencing were used toidentify the bacterial isolates; (5) under ideal circumstances, 
the lead bioremediation capacity of bacterial isolates. Heavy metals are those elements with a 
molecular weight greater than 53, a density greater than 6 g cm−3 and an atomic number 
greater than 20. They occur naturally in rocks and soils but concentrations are frequently 
elevated as a result of pollution. They are also called trace elements, which are toxic to living 
organisms at excessive concentrations but some including Zn, Cu, Mn and so on, at low but 
critical concentrations are micronutrients used in the redox processes, regulation of the 
osmotic pressure and also enzyme components which are essential for the normal healthy 
growth and reproduction by living organisms. At high concentrations, these micronutrients 
damage DNA and membrane as well as loss of functions of enzyme. However, heavy metals like 
Ni, Co and Pb cause oxidative stress, lipid peroxidation, carcinogenesis, mutagenesis and 
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neurotoxicity on humans, animals and plants at low concentrations.1 Elevated concentration of 
heavy metals are introduced into the environment through metalliferous mining, metal 
smelting, activities of metallurgical industries, waste disposals, corrosion of metals in use and 
agriculture and petroleum exploration among others. The discharge of effluents containing 
heavy metals mounts pressures on the ecosystem and consequently causing health hazards to 
plants, animals, aquatic life and humans. 2 Upon surface contamination, the toxic metals are 
transported to groundwater and bioaccumulated. Introduction of certain concentrations of 
heavy metals into the environment kills the majority of the micro flora selecting a few cells that 
would have evolved resistance mechanisms to the metals. The introduction of heavy metals in 
various forms in the environment can results in considerable modifications of the microbial 
communities and their activities.5 Heavy metals may exert an inhibitory action on 
microorganisms by blocking essential functional groups, displacing essential metal ions or 
modifying the active confirmations of biological molecules.6 Numerous studies have examined 
the heavy metal sensitivity or resistance of bacteria isolated from different habitats and its 
mechanisms to adapt the toxic metal during expossure. 7,8 Some microorganisms have been 
reported to evolved mechanisms to detoxify heavy metals and some even use them for 
respiration thereby becoming resistant to such metals.9 The resistance mechanisms used by 
microorganisms to tolerate heavy metal stress include permeability barriers, intra and 
extracellular sequestration, efflux pumps, enzymatic detoxification and reduction. Living 
organisms absolve sub lethal concentrations of heavy metals upon pollution by diffusion of ions 
or complexes, mediated transport, endocytosis of particulate metal and pinocytosis of 
organometallic aggregates. In some cases, resistance to metal ions has been reported to be 
plasmid mediated and observed to be encoded by genes in close proximity to antibiotic 
resistance genes.10 In polluted environment, the response of microbial communities to heavy 
metals depends upon the concentrations and availability of metals as well biological factors 
such as the type of metal, nature of medium and microbes. 11,12 Furthermore, the frequency 
of appearance of resistant bacteria to specific heavy metals may be correlated with increasing 
loads of metals in the environment. As a result heavy metal resistant bacteria may be used as 
biological monitors or bioindicators of environmental contamination.13 Bioindicators have 
been shown to be a sensitive and reliable tool in detecting the sub lethal toxicity of these 
polluting compounds. In recent years, it has become obvious that chromosomal and plasmid 
borne determinants for heavy metal resistance can transfer freely within an ecological system 
such as soil. For this reason bacteria in environment contaminated with numerous heavy metals 
may evolve or acquire a number of heavy metal resistance determinants resulting in multiple 
resistant.  

 
 

Materials And Methods 
1. Media Optimization 

Procedure of media optimization- For media optimization processed we would 
prepare 20 ml for 3 different media a Nutrient-Broth (NB), Luria–Bertani (LB), and 
M9 acetate minimum medium were used to examine growth curves. 
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1.1. Effect of Temperature- Efect of Temperature on Bacterial Growth 
Bacterial growth curves at various temperatures (25 °C, 30 °C, 37 °C, 40 °C, 
and 45 °C) were also recorded in this study in order to confirm the optimal 
temperature for the growth of bacterial strains. The test tubes containing 
20 μL of bacterial culture (optical density 0.090) and 20 mL of LB broth 
enriched with 100 mg/L of lead were incubated at different temperatures at 
150 rpm. After 48 h, an UV spectrophotometer (Thermo Scientifc, Genesys 
10S UV–Vis) was used to measure the optical density at 600 nm. 

Procedure of check the effect of temperature- 

 First we prepared the NAM media for 60 ml distilled water. 

 Then Autoclave Nutrient agar media and 4 petri plates. 

 Then pouring would perform in laminar 15mm line in each petri plate 
and left it for some time for solidification. 

 Then divided the petri plate in three parts with the help of ruler 
then, we would performed the streaking culture 

 After streaking incubate 37ºc,4ºc, 50ºc and room temperature. 

 
1.2. Effect of pH 

 
The growth of the bacterial community and the chemical behavior of metal ions are two 
key impacts of pH, which is a crucial factor in the bioremediation of heavy metals by 
bacterial strains in an aqueous solution. Functional groups, the form of metal ions, and 
the level of ionization on the surface of the biosorbent are all strongly infuenced by the 
pH of an aqueous solution. In this study, the growth of bacterial isolates was examined 
at various pH values between 5.0 and 9.0 after 48 h of incubation. At which pH value 
bacterial give best growth, we would check to see it to see checked the bacteria at 
different pH value. We would use 4, 7. 9. & 11 pH value the checked the best growth of 
bacterial strain. 

 

Procedure to check the effect of pH 
To checked the effect of pH values we would prepared 40ml nutrient broth and also added 
dextrose 8gm/l. to checked of the pH values. 
 • We would prepare 16 test tubes and transferred 5-5 ml in poured media in each test tube.  
• Then we would maintained pH the pH values each set of two test tube contain 4,7,9 and 11 
pH values respectively. 
 • Then autoclave the all the test tube at 121ºc in 15psi for 15 min.  
• After autoclaving we inoculate the culture in each test tube of every pH value  
• Incubate the bacterial strain in shaker at 37ºC for 24 hours.  
• After 24 hours we take the reading of every sample at 620 wavelength. 
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1.3. Efect of Diferent Growth Media on Bacterial Growth 
The presence of mineral components infuences the growth patterns displayed by bacterial isolates in 
various growth media. Three distinct growth media PM1, PM2, and PM3 minimum medium were used 
to examine growth curves. In which PM2 was selected due to maximum culture growth. 

S.no Components Colony OD (620nm) 

1. PM1 Colony3 0.02 

2. PM2 Colony3 0.61 

3. PM3 Colony3 0.53 

Table1. Different growth media 
2. Optimization of selected media: The optimization of selected are as follows. 

2.1. Effect of carbon source: To check effect of carbon  source we used Dexrose, 
Maltose and Sucrose. 
 
 
 
 
 

S.no Components OD(620nm) 

1. Dextrose 1.30 

2. Maltose 0.24 

3. Sucrose 1.05 

                                 Table 2. Carbon source optimization table 
2.2. Effect of nitrogen source: To check effect of nitrogen source we used 8g dextrose and 

5g/l NaCl for 30ml dissolve in each test tube then mixed other components. 
 

S. No  
Carbon Sources 

OD(620nm) 

1. Yeast +Beef+ Peptone 
 

0.09 
 

2. Yeast+ peptone 
 

0.05 
 

3. Beef+ Peptone 
 

0.06 
 

                 Table 3: Showing effect of nitrogen source on bacterial growth 
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Result 
1. Effect of Production Media 

 
                                    Graph 1: Showing effect of production media on bacterial growth 
 

S.no Components OD(620nm) 

1. Dextrose 1.30 

2. Maltose 0.24 

3. Sucrose 1.05 

Table 4: Carbon source optimization table 
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2.Effect of carbon source on bacterial growth 
 

                                            Graph 2: Showing effect of carbon source on bacterial growth 
 

S.no Carbon Source OD(620nm) 

1. Yeast +Beef+ Peptone 0.09 

2. Yeast+ peptone 0.05 

3. Beef+ Peptone 0.06 

Table 4: Carbon source optimization table 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                                        Dextrose          Maltose             Sucrose 
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3. Effect of nitrogen source on bacterial growth 
 

 
Graph 3: Showing effect of nitrogen source on bacterial growth 
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 Table 5: Effect of temperature 

 

4.Effect of pH: 

 

Sr No. pH OD(620nm) 

1. 4 0.01 

2. 7 0.15 

3. 9 0.20 

4. 11 0.28 

Table 6: Effect of pH 
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                                      Graph 4: Showing effect of pH on bacterial growth 
 
 

Sr No. Hours OD(620nm) 

1. 0 0.04 

2. 1 0.04 

3. 2 0.07 

4. 3 0.09 

5. 4 0.1 

6. 5 0.69 

7. 6 1.52 

8. 7 1.52 

9. 8 1.52 

10. 9 1.12 

11. 10 0.88 
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12. 11 0.65 

13. 12 0.2 

14. 13 0.01 

              Table 7: Growth study of bacteria 

     5.Growth study of bacteria 
                                                              Graph 06: Showing effect of bacterial growth 

 
 
 
 
 
 
 

DISCUSSION 
This study examined lead contamination and lead tolerance levels of microbes in soils near 
Industrial areas. Heavy metal contaminated soils and waterways is increasingly becoming an 
environmental, health, economic, and planning issue. The isolation of bacteria from soil 
samples was an indication that the isolated microorganisms were capable of growing in the 
presence of toxic heavy metals like lead. The findings of this study revealed that higher lead 
concentration in soils was mainly due to emission of lead from industries and cause toxic effect 
on microorganisms inhabiting the soil. The ability of microbial strains to grow in the presence of 
heavy metals would be helpful in the soil treatment where microorganisms are directly involved 
in the decomposition of organic matter in biological processes for the treatment of soil and 

http://www.neuroquanotology.com/


Neuroquantology | Mar 2025 | Volume 23 | Issue 03 | Page 231-247| Doi: 10.48047/nq.2025.23.3.NQ25028 
Priya Das, Isolation, Remediation of Lead-Contaminated Water Using Indigenous Bacterial Strains for Biosorption and Bioaccumulation 

242  
 
eISSN: 1303-5150 

www.neuroquanotology.com 

 

water, because often the inhibitory effect of heavy metals is a common phenomenon that 
occurs in the biological treatment on water and soils. 
This study is based on bioremediation of heavy metals. Microbes have progressed diverse 
approaches to overcome the toxic effect of metals and metalloids utilizing resistance or more 
interestingly with the bacterial sample from the sewage water, it was already clear that these 
bacteria were surviving in the presence of heavy metals and had steadier growth. This study 
was to find the best among them and isolate it to study their performance and gradient of 
heavy metal uptake. The heavy metal in the target was lead nitrate (PbNO3). Heavy metal 
pollution is a major concern as even the smallest of its concentration has severe effect on the 
animals and plants, alike. Its presence in the soil, especially released from the sources like 
industries, agricultural run offs, sewage, etc, makes it a constant and the most threatening 
nuisance for the ecological balance. 
The bacterial bioremediation by Bacillus cereus showed a higher uptake percentage for the 
heavy metal, Lead. Both in wild form and mutated form, bacteria showed positive results and 
mutated form showed a better Lead consumption count. 
  
 

CONCLUSION 
 
The current status of the bioremediation of heavy metal reviewed in this study show much 
promise for metal biosorption and detoxification, especially from biofilm and genetically 
modified microbes. Biofilm-mediated techniques, microbial gene transfer and microbial fuel 
cells-based techniques have come up as strong contenders in recent years. The peptidoglycan 
and polysaccharides component of the cell wall of the biosorbents is an active binding site for 
higher metal uptake. This technique is cost-effective and a green technology that has 
advantages such as faster kinetics, high metal binding over a broad range of pH and 
temperature. This review provides an opportunity to reveal the role of microbial cell, biofilm 
and their metabolites towards remediation of heavy metals and environmental research. 
Further research area needs to be extended on the focus of gene transfer within biofilms for 
heavy metal remediation. These would facilitate the development of improved techniques for 
the bioremediation of heavy metals in the ecosystem. 
The bacterial bioremediation by Bacillus cereus showed a higher uptake percentage for the 
heavy metal, Lead. Both in wild form and mutated form, bacteria showed positive results and 
mutated form showed a better Lead consumption count. 
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