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Abstract

Heavy metal contamination has recently become one of the most critical environmental problems.
Hazardous heavy metal poisoning of the environment is spreading around the world with the advancement
of industries. Microorganism-related technologies could offer an alternative or replacement for traditional
metal recovery or removal techniques. This research focuses on the investigation of heavy metal-tolerant
bacteria isolated from industrial effluent in the CLZS, Chanderiya, Chittorgarh, Rajasthan, and their
characterization. Initially, A total of 237 isolates were screened as Zn-tolerant bacteria, and 29 isolates were
screened as Pb-tolerant bacteria from an industrial effluent sample. The three isolates were selected for
further analysis due to their high level of heavy metal tolerance. The isolates were determined to be Bacillus
subtilis, Pseudomonas sp., and Bacillus flexus according to biochemical and morphological parameters. The
identified isolates show high tolerance to heavy metals like Zn and Pb. They could be effective and useful
as a potential bioremediation tool for heavy metals from industrial effluent.
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I. Introduction

The increasing population and growing demand for industrial facilities to meet human demands have led to
excessive use of available resources and rising air, water, and land pollution. One of the major environmental
issues is the contamination of soil and water by heavy metals (Ahirwar ef al., 2016; Cheng and S., 2003).
Due to human activities like mining and the discharge of industrial waste, metals have accumulated in the
environment and finally made their way up the food chain, causing serious ecological and health problems
(Gupta and Kumar, 2012). The extensive use of industrial effluent for irrigation in most developing nations
has the potential to change soil fertility. Gupta and Kumar (2012), Bouwer and H (2002), and Koropatnick
et al., (1997) all point to the possibility that human health might be impacted by heavy metal deposition in
plants due to wastewater irrigation.
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While certain heavy metals have no known function and are entirely destructive, others are necessary for
life at low concentrations but become toxic at high concentrations. Various heavy metals like As, Ag, Cd,
Hg, Sb, and U are among the 17 most important heavy metals that are categorized as highly toxic. In contrast,
Fe, Cu, Mo, and Mn are categorized as low toxicity whereas V, Co, W, Cr, Zn, and Ni as average toxicity
(Badar et al., 2000; Gadd, 1992; Franke et al., 2003; Neis, 1999; Pandit et al., 2013; Shi et al., 2002).
According to Ahirwar et al., (2019), bioremediation is a regulated spontaneous process that breaks down,
degrades, or changes hazardous substances into less hazardous or non-toxic forms via microbial processes.
Organic waste can be consumed by microorganisms. Numerous metabolites are produced during this
process, which break down complex waste into simpler molecules.

To protect themselves from harmful heavy metals, microbes have evolved a wide range of defense
mechanisms (Mustapha and Halimoon, 2015). Heavy metals must be eliminated from soil, water bodies,
and wastewater using innovative treatment techniques.

Many microorganisms have been proposed as an affordable alternative to removing heavy metals from water
and soil (Ahirwar et al., 2016; Waisberg et al., 2003). The study's overarching goal was to identify and
describe morphologically and biochemically heavy metal-tolerant bacteria that might one day be used as a
bioremediation tool to remediate industrial effluents.

I1. Material and methods

2.1 Sample Collection

The CLZS wastewater treatment facility in Chanderiya, Chittorgarh, Rajasthan, was sampled for its
industrial effluent. The sample was collected in a pre-sterilized, nitric acid-acidified sampling bottle and
aseptically transported to the laboratory to avoid contamination and extend its shelf life by being preserved
at 4 % in the refrigerator (Mustapha and Halimoon, 2015).

2.2 Analysis of Physico-Chemical Parameters of Industrial Effluent

The various physicochemical parameters, such as pH, Turbidity, Total Dissolved Solids (TDS), Electrical
conductivity (EC), Dissolved oxygen (DO), Biological Oxygen Demand (BOD), and Chemical Oxygen
Demand (COD) of the effluent sample were determined by standard methods (Chaithra ef al., 2023).

2.3 Analysis of Heavy Metal Concentration in Industrial Effluent

The heavy metals concentration in an effluent sample, including Zn, Mn, Pb, Fe, and Cr, were determined
with an Atomic Absorption Spectrophotometer (AAS) (Perkin Elmer Analyst 200) (Bahiru, 2019).

2.4 Isolation of Bacterial Strain from Industrial Effluent

Heavy metal tolerant bacteria were isolated on nutrient agar medium supplemented with varying
concentrations of Zinc sulfate (ZnSOs) and lead nitrate (Pb(NO3)>)ranging from 50 ug/ml to 250 ug/ml. The
sterility of the nutrient agar medium was maintained by autoclaving at 121%,15 psi for 15 min. Various
concentrations of heavy metals were added to nutrient agar medium and poured into Petri plates. The
effluent sample was successively diluted in 9 ml of sterile saline water in 5 test tubes, where 1 ml of the
effluent was added to the first test tube to obtain a 107! serial dilution, repeating this until 10~°. Then, 0.1
ml ofthe diluted solution was aseptically streaked on the surface of nutrient agar supplemented with various
concentrations of heavy metals and maintained at 36-37°C for 48 hours.

Several colonies were obtained, and unique colonies were chosen according to their colony morphology.
The isolated colonies were then streaked individually to obtain a pure culture of isolate, it was cultured for
24 hours at 37°% on a nutrient agar medium. Each isolate was examined for its colony shape, color, elevation,
size, and texture. Stocks were subsequently prepared with 40% glycerol and stored at 20°C until needed
for further analysis (Khanam et al., 2024).
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2.5 Morphological and Biochemical Characterization of Isolated Bacterial Strains

The obtained bacterial strains were characterized using a variety of biochemical assays, cultural traits, and
microscopic features. The findings were contrasted with information from the ninth edition of Bergey's
Manual of Determinative Bacteriology. The motility test, endospore staining, and gram staining were used
for morphological characterization.

Biochemical tests including Oxidase test, Catalase test, Nitrate reduction test, Citrate utilization test,
Methyl red & Voges-Proskauer test (MR-VP test), Indole production test, Gelatin hydrolysis test, and H>S
Production (Triple sugar iron (TSI) test), Starch hydrolysis test was performed for biochemical
characterization (Abbas ef al., 2014).

III. Results and discussion

3.1 Physicochemical analysis of effluent sample

Table 1 depicts the physicochemical properties of industrial effluent. The Physico-chemical
characterization of industrial effluent revealed that the sample resulted in a foul smell and was pale yellow.
pH is among the most crucial factors in assessing how aggressive water is. More acidic (lower pH) water
is more corrosive (Nigam et al., 2015). The pH of the effluent sample was 7.4. The high pH value indicated
a slightly alkaline nature of the effluent sample. The alkaline nature of the effluent is due to weak basic
salts.

Turbidity is a measure of the total suspended solids (TSS), which is measured in Nephelometric unit
(NTU). The water's transparency and light-scattering properties are determined by the concentration of the
substance (Banunle et al., 2018). The turbidity of the effluent sample was 8.9 NTU. Electrical
conductivity (EC) is a measure of its ability to conduct electricity and indirectly indicates the amount of
salt in the water (Parveen et al., 2017). The unit of measure is Siemens/meter (S/M). The EC value of the
effluent sample was determined to be 32000 us/cm.

Total dissolved solids (TDS) refer to all the inorganic salts that are dissolved in water, together with a tiny
quantity of organic stuff. The presence of dissolved organic and inorganic contaminants is behind the higher
TDS value (Parveen et al., 2017). The TDS of the effluent sample was 20800 mg/I.

Dissolved oxygen (DO): The dissolved oxygen (DO) of the effluent sample indicates the quantity of
oxygen in the water. Numerous factors, including temperature and salinity, influence it: daylight, air
pressure, and water turbulence (Banunle et al.,2018). The DO of the effluent sample was found to be 3.1
mg/l.

Biochemical Oxygen Demand (BOD) is the quantity of dissolved oxygen that aerobic bacteria require to
break down organic materials in water. The high concentration of dissolved organic matter resulted in high
oxygen consumption and elevated the BOD level. It is a well-established parameter for organic pollutants
in surface and wastewater. It shows how many organic molecules are present in water (Benit and Roslin,
2015). The BOD of the effluent sample was 28 mg/I.

Chemical Oxygen Demand (COD) measures the amount of oxygen in water required to chemically oxidize
the organic materials and inorganic nutrients. 110.31 mg/l of COD was found in the effluent sample.
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Table 1: Physicochemical characteristics of effluent sample.

S.No. Parameter Result
1. pH 7.4
2. Electrical conductivity (EC) 32000 us/cm.
3. Total dissolved solids (TDS) 20800 mg/l.
4. Turbidity 8.9NTU
5. Dissolved oxygen (DO) 3.1 mg/l.
6. Biological oxygen demand (BOD) 28 mg/l.
7. Chemical oxygen demand (COD) 110.31 mg/I.

3.2 Heavy Metal Estimation

The predominant composition of these pollutants is heavy metal ions derived from mining effluent. Heavy
elements such as Zn, Mn, Pb, Fe, and Cr were among those analyzed in the sample. Heavy metal
concentration was in the order of Zn>Mn>Fe>Pb>Cr as revealed by the results. The concentration of heavy
metals in the effluent sample is presented in Table 2. The highest levels of heavy metals in the effluent
sample were related to Zn and the lowest to Cr (Sorsa et al., 2015).

Table 2: Concentration of heavy metals in the wastewater sample.

S.No. Heavy metal Concentration (PPM)
1. Zinc 14.10
2. Manganese 3.25
g Lead 1.0
4. Iron 1.12
5. Chromium 0.25

3.3 Isolation of heavy metal-tolerant bacteria

Here, we describe and classify microorganisms that can withstand heavy metals found in wastewater from
industries. Initially, 237 colonies were screened as Zn tolerant, and 29 colonies as Pb tolerant from a nutrient
agar medium supplemented with 50 ug/ml to 250 ug/ml concentrations of heavy metals, respectively. Out
of 237 colonies, two isolates of Zn tolerant, namely Znl and Zn2, and one isolate of Pb tolerant, namely
Pbl, out of 29 colonies, were selected based on the high degree of heavy metals tolerance capability and
were used for further investigation (Ahirwar et al., 2016). A pure culture of isolates was maintained on a
nutrient agar medium for further characterization. Figure 1 displays the pure culture of bacterial colonies
that have been isolated.
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Figure 1: Pure culture of Isolates. Isolate Zn1 (A) Isolate Zn2 (B) Isolate Pb1 (C)

3.4 Morphological and Biochemical characteristics of Isolated bacterial strains

Isolate Znl was brownish and in a small, round form with a flat elevation, and Isolate Zn2 was white in
color, moderate, and irregular in form with a flat elevation. Meanwhile, Isolate Pb1 was yellowish in color,
moderate, and round in form with flat elevation. After performing gram staining, endospore staining, and a
motility test, it was observed that isolates Znl and Pbl were gram-positive and isolate Zn2 was gram-
negative. Isolate Znl was spore-forming, whereas isolates Zn2 and Pbl were nonspore-forming. All three
isolates were non-motile. Phenotypic study results have been depicted in Tables 3 & 4. Biochemical study
shows that all three isolates were positive for nitrate reductase and citrate utilization test and negative for
indole production and gelatin hydrolysis. Isolates Zn2 and Pb1 were positive for the oxidase test, whereas
Zn1 showed a negative result. For catalase tests, isolates Zn1 and Pb1 were negative, and isolate Zn2 showed
a positive result. Isolate Znl and Zn2 were negative for methyl red-Voges Proskauer test, whereas isolate
Pbl was positive for methyl red and negative for Voges Proskauer test. Isolate Pbl fermented all three
sugars: glucose, lactose, and sucrose. Isolate Zn2 showed a negative result for sugar fermentation, whereas
Isolate Zn1 fermented only glucose. For the starch hydrolysis test, isolates Znl and Pbl were positive, and
isolate Zn2 was negative. The biochemical characteristics of isolated bacterial strains have been summarized
in Table 5.
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Table 3: Colony Morphological characteristics of isolated bacterial strains

Isolate no. Size color Elevation Form
Znl Small Brownish Flat Round
Zn2 Moderate Whitish Flat Irregular
Pbl Moderate Yellowish Flat Round

Table 4: Microscopic characteristics of isolated bacterial strains
Isolate no. Gram’ staining Endospore staining
Znl Positive Positive
Zn2 Negative Negative
Pbl Positive Negative

Table 5: Biochemical characteristics of bacterial strains that have been isolated

Isolate no. Znl Zn2 Pbl
/Biochemical
characteristics
Oxidase test Negative Positive Positive
Catalase test Negative Positive Negative
Nitrate reductase test Positive Positive Positive
Citrate utilization test Positive Positive Negative
Methyl red test Negative Negative Positive
Voges Proskauer test Negative Negative Negative
Indole production test Negative Negative Negative
Gelatin Hydrolysis Negative Negative Negative
Test
Triple sugar iron test Alk/A Alk/Alk AIA
Starch Hydrolysis test Positive Negative Positive

V. Conclusion

The ability of some microbial strains to thrive when exposed to heavy metals might be used for wastewater
treatment purposes. We set out to find microorganisms that might withstand heavy metals in the industrial
effluent of CLZS in Chanderiya, Chittorgarh, Rajasthan. We have isolated and characterized three Zn and
Pb-tolerant bacterial strains and identified them based on biochemical characterization. The Zn tolerant
isolate Zn1 is identified as a Bacillus subtilis and Zn 2 is identified as a Pseudomonas sp., whereas isolate
Pb1 is Bacillus flexus. The results demonstrate that the isolates can withstand the tested heavy metals with
relative ease. Therefore, there is hope for the bioremediation of industrial wastewater using these isolates.

References

1. Abbas, S. Z., Riaz, M., Ramzan, N., Zahid, M. T., Shakoori, F. R., & Rafatullah, M. (2014). Isolation
and characterization of arsenic-resistant bacteria from wastewater. Brazilian Journal of
Microbiology, 45, 1309-1315.

2. Ahirwar, N. K., Gupta, G., Singh, R., & Singh, V. (2016). Isolation, identification, and
characterization of heavy metal-resistant bacteria from industrial-affected soil in central India. /nt J
Pure Appl Biosci, 4(6), 88-93.

IJCRT2504400] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d429


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 4 April 2025 | ISSN: 2320-2882

3.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ansari, R. A., Qureshi, A. A., & Ramteke, D. S. (2016). Isolation and characterization of heavy-
metal resistant microbes from Industrial soil. International journal of environmental sciences, 6(5),
670-680.

APHA Standard Methods For the Examination of Water and Waste water.21% ed. American Public
Health Association. Washington, DC. (8000): 94-100, 2005

. Badar, U., Ahmed, N., Beswick, A. J., Pattanapipitpaisal, P., & Macaskie, L. E. (2000). Reduction

of chromate by microorganisms isolated from metal contaminated sites of Karachi,
Pakistan. Biotechnology letters, 22, 829-836.

Bahiru D.B. Determination of Heavy Metals in Wastewater and Their Toxicological Implications
Around Eastern Industrial Zone, Central Ethiopia. Journal of Environmental Chemistry and
Ecotoxicology. 12(2): 72-79, 2020

Banunle A., Fei-Baffoe B and Otchere KG. Determination of the Physico-chemical Properties and
Heavy Metal Status of the Tano River Along the Catchment of the Ahafo Mine in the Brong-Ahafo
Region of Ghana. Journal of Environmental & Analytical Toxicology. 8(3): 1-11, 2018

Benit N. and Roslin A.S. Physicochemical Properties of Wastewater Collected from Different
Sewage Sources. International Journal of Innovative Science, Engineering and Technology. 2(11):
691-696, 2015

Bouwer, H. (2002). Artificial recharge of groundwater: hydrogeology  and
engineering. Hydrogeology journal, 10, 121-142.

Chaithra, C., Hina, K., Akshatha, K. U., & Dhanushree, M. S. (2023). Isolation, Identification and
Molecular Characterization of Indigenous Bacterial Isolates from Textile Effluent and Contaminated
Soil using 16s rRNA Sequencing. Research Journal of Chemistry and Environment Vol, 27, 8.

. Cheng, S. (2003). Heavy metal pollution in China: origin, pattern and control. Environmental

science and pollution research, 10, 192-198.

Davis, T. A., Volesky, B., & Mucci, A. (2003). A review of the biochemistry of heavy metal
biosorption by brown algae. Water research, 37(18), 4311-4330.

Deveci, H. A. C. 1., Akcil, A., & Alp, 1. (2004). Bioleaching of complex zinc sulphides using
mesophilic  and  thermophilic  bacteria:  comparative  importance of pH and
iron. Hydrometallurgy, 73(3-4), 293-303.

El-Sayed, M. H., & Helal, M. (2016). Multiple heavy metal and antibiotic resistance of
Acinetobacter baumannii strain HAF-13 isolated from industrial effluents. Am. J. Microbiol.
Res, 4(1), 26-36.

Feng, D., & Aldrich, C. (2004). Adsorption of heavy metals by biomaterials derived from the marine
alga Ecklonia maxima. Hydrometallurgy, 73(1-2), 1-10.

Franke, S., Grass, G., Rensing, C., & Nies, D. H. (2003). Molecular analysis of the copper-
transporting efflux system CusCFBA of Escherichia coli. Journal of bacteriology, 185(13), 3804-
3812.

Gadd, G. M. (1992). Metals and microorganisms: a problem of definition. FEMS microbiology
letters, 100(1-3), 197-203.

Garcha, S., Verma, N., & Brar, S. K. (2016). Isolation, characterization and identification of
microorganisms from unorganized dairy sector wastewater and sludge samples and evaluation of
their biodegradability. Water resources and industry, 16, 19-28.

Gupta Mahendra, K., Kiran, K., Amita, S., & Shikha, G. (2014). Bioremediation of heavy metal
polluted environment using resistant bacteria. J. Environ. Res. Develop, 8(4), 883-889.

Gupta, N., & Kumar, V. (2012). Identification and isolation of heavy metal (copper) resistant
bacteria. Archives of Applied Science Research, 4(1), 577-583.

Hasan, R., Rony, M. N. H., Sarker, M. S. A., Tareq, M. Z., & Ahmed, R. Isolation, identification and
characterization of bacteria from Lawachara National Park, Moulovibazar, Bangladesh. Journal of
Bioscience and Agriculture Research, 26(02), 2211-2216.

Holan, Z. N., & Volesky, B. N. (1995). Accumulation of cadmium, lead, and nickel by fungal and
wood biosorbents. Applied biochemistry and biotechnology, 53, 133-146.

Inthorn, D., Nagase, H., Isaji, Y., Hirata, K., & Miyamoto, K. (1996). Removal of cadmium from
aqueous solution by the filamentous cyanobacterium Tolypothrix tenuis. Journal of fermentation
and bioengineering, 82(6), 580-584.

IJCRT2504400] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d430


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 4 April 2025 | ISSN: 2320-2882

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kalsoom, Batool, A., Din, G., Din, S. U., Jamil, J., Hasan, F., ... & Shah, A. A. (2021). Isolation and
screening of chromium resistant bacteria from industrial waste for bioremediation
purposes. Brazilian Journal of Biology, 83, €242536.

Khanam, R., Al Ashik, S. A., Suriea, U., & Mahmud, S. (2024). Isolation of chromium resistant
bacteria from tannery waste and assessment of their chromium reducing capabilities—A
Bioremediation Approach. Heliyon, 10(6).

Koropatnick, J., & Zalups, R. K. (1997). Effect of non-toxic mercury, zinc or cadmium pretreatment
on the capacity of human monocytes to undergo lipopolysaccharide-induced activation. British

Jjournal of pharmacology, 120(5), 797-806.

Muneer, B., Igbal, M. J., Shakoori, F. R., & Shakoori, A. R. (2016). Isolation, Identification and
Cadmium Processing of Pseudomonas aeruginosa (EP-Cd1) Isolated from Soil Contaminated with
Electroplating Industrial Wastewater. Pakistan Journal of Zoology, 4

Mustapha, M. U., & Halimoon, N. (2015). Screening and isolation of heavy metal tolerant bacteria
in industrial effluent. Procedia Environmental Sciences, 30, 33-37.

Nies, D. H. (1999). Microbial heavy-metal resistance. Applied microbiology and biotechnology, 51,
730-750.

Nigam G.K., Sahu R.K., Sinha J. and Sonwanshi R.N. A Study on Physico-chemical Characteristics
of Open Cast Mine Water. Jr.of Industrial Pollution Control. 31(2): 191-200, 2011

Pandit, R. J., Patel, B., Kunjadia, P. D., & Nagee, A. (2013). Isolation, characterization and molecular
identification of heavy metal resistant bacteria from industrial effluents, Amala-khadi-Ankleshwar,
Guyjarat. International Journal of Environmental Sciences, 3(5), 1689-1699.

Parveen S., Bharose R., and Singh D. Assessment of Physico-chemical properties of Tannery
Wastewater and its Impact on Fresh Water Quality. International Journal of Current Microbiology
and Applied Sciences. 6(4): 879-1887, 2017

Raja, C. E., Selvam, G. S., & Omine, K. . Y. O. S. H. I. (2009, November). Isolation, identification
and characterization of heavy metal resistant bacteria from sewage. In Int Joint Symp on Geodisaster
Prevention and Geoenvironment in Asia (pp. 205-211).

Rehman, A., Butt, S. A., & Hasnain, S. (2010). Isolation and characterization of arsenite oxidizing
Pseudomonas lubricans and its potential use in bioremediation of wastewater. African Journal of
Biotechnology, 9(10), 1493-1498.8(5).

Sanjay, M. S., Sudarsanam, D., Raj, G. A., & Baskar, K. (2020). Isolation and identification of
chromium reducing bacteria from tannery effluent. Journal of King Saud University-Science, 32(1),
265-271.

Selvi, A. T., Anjugam, E., Devi, R. A., Madhan, B., Kannappan, S., & Chandrasekaran, B. (2012).
Isolation and characterization of bacteria from tannery effluent treatment plant and their tolerance to
heavy metals and antibiotics. Asian J. Exp. Biol. Sci, 3(1), 34-41.

Shakoori, F. R., Aziz, 1., Rehman, A., & Shakoori, A. R. (2010). Isolation and characterization of
arsenic reducing bacteria from industrial effluents and their potential use in bioremediation of
wastewater. Pakistan Journal of zoology, 42(3).

Shi, W., Becker, J., Bischoff, M., Turco, R. F., & Konopka, A. E. (2002). Association of microbial
community composition and activity with lead, chromium, and hydrocarbon contamination. Applied
and Environmental Microbiology, 68(8), 3859-3866.

Silver, S., & Phung, L. T. (2005). A bacterial view of the periodic table: genes and proteins for toxic
inorganic ions. Journal of Industrial Microbiology and Biotechnology, 32(11-12), 587-605.

Sneath, P. H., Mair, N. S., Sharpe, M. E., & Holt, J. G. (1986). Bergey's manual of systematic
bacteriology. Volume 2 (pp. xxiii+-965).

Sonune, N., & Garode, A. (2018). Isolation, characterization and identification of extracellular
enzyme producer Bacillus licheniformis from municipal wastewater and evaluation of their
biodegradability. Biotechnology Research and Innovation, 2(1), 37-44.

Sorsa S., Chibssa Y. Tilahun G. and Fitamo D. Heavy Metal Concentrations and Physico-chemical
Characteristics of Effluent along the Discharge Route from Hawassa Textile Factory, Ethiopia.
Journal of Environmental and Analytical toxicology. 5(4): 1-7, 2015

Thassitou, P. K., & Arvanitoyannis, I. S. (2001). Bioremediation: a novel approach to food waste
management. Trends in Food Science & Technology, 12(5-6), 185-196.

IJCRT2504400| International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d431


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 4 April 2025 | ISSN: 2320-2882

44. Volesky, B., & Holan, Z. R. (1995). Biosorption of heavy metals. Biotechnology progress, 11(3),
235-250.

45. Waisberg, M., Joseph, P., Hale, B., & Beyersmann, D. (2003). Molecular and cellular mechanisms
of cadmium carcinogenesis. Toxicology, 192(2-3), 95-117.

46. Wang, W. X., Dei, R. C., & Hong, H. (2005). Seasonal study on the Cd, Se, and Zn uptake by natural
coastal phytoplankton assemblages. Environmental toxicology and chemistry, 24(1), 161-169.

47.Yilmaz, E. 1. (2003). Metal tolerance and biosorption capacity of Bacillus circulans strain
EBI. Research in microbiology, 154(6), 409-415.

IJCRT2504400| International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d432


http://www.ijcrt.org/

