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ABSTRACT 

This study presents the determination of multiple heavy metal tolerance in bacteria and its efficacy in bioremediation of heavy metal pollutants from 

wastewater. The objectives involved analyses of heavy metals (Cd, As Hg, Cu and Co) using ICPMS in industrial wastewater samples. This was 

followed by the isolation of bacteria tolerant to heavy metals and in vitro adaptation for discrete heavy metals environment in minimal media. The 

ICPMS data revealed that the selected bacterial isolates were quite efficient in mitigation of the pollutant heavy metals.  A reduction of approximately 

55% was recorded for Cd. Lower reductions for As were recorded i.e., up to 29%. Reductions upto 45%, 53% and 57 % were recorded for Hg, Co and 

Cu respectively. The results indicate that the efficiency of a particular bacterium in removing different heavy metals from the same wastewater sample 

varies. Also, the potential in removing a particular heavy metal by the different bacteria also varies. The statistical analyses of the bioremediation 

experiments clearly indicate that bacteria can effectively remove heavy metals from industrial wastewaters under laboratory conditions. 

Keywords: Heavy metal tolerance; ICPMS; Maximum Tolerable Concentration (MTC), Bioremediation; multi metal tolerance; Microbial 

Bioremediation 

 

1. INTRODUCTION 

Heavy metal pollution is an alarming environmental concern 

rendering the aquatic environments unsuitable for life. Rapid 

industrialization and the uncontrolled discharge of industrial 

effluent is leading to the inherent persistence and bioaccumulation 

of these metal pollutants in different ecosystems. The toxicity of 

the heavy metals even at very low concentrations is well known to 

cause serious health issues and diseases in all forms of life 

(Vardhan et al., 2019; Rani et al., 2015).  

The expansions in environmental biotechnology have 

projected bacterial bioremediation to be the most promising 

strategy for the treatment of contaminated wastewaters. However 

the success of the strategy lies in the selection of a suitable 

bacterial candidate as well as the development of an effective 

methodology according to the presented conditions (Verma and 

Kuila, 2019).
 
Bioremediation using microorganisms capable of 

tolerating polluted environments and capable of 

biotransformation/bioaccumulation of heavy metals are now being 

employed for wastewater treatments (Igiri et al., 2018; Kapahi and 

Sachdeva, 2019). 

Bacteria are among the most abundant microorganisms that 

have acquired tolerances to the diverse types of heavy metals 

(Chen et al., 2019; Yetunde Mutiat et al., 2018). Different 

bacterial species have evolved and adopted different molecular 

mechanisms to resist the heavy metal contaminants persisting in 

different environments. The genetic determinants of heavy metal 

resistances in bacteria have been found on both chromosomes and 

plasmids (Nanda et al., 2019). The bacterial cell wall has a 

significant contribution in heavy metal biosorption 

/bioaccumulation as it is the first cellular structure that interacts 

directly with the metal ions. Bacterial cell walls are structured 

with several functional groups e.g. amine gp., hydroxyl gp., and 

carboxyl gp. that allow them to be efficient biosorbents for metal 

cations (Rani and Goyal, 2009; Vijayaraghavan, K and Yun, 2007; 

Kang et al., 2007). The origin of a bacterial population determines 

a significant role in the successful development and application of 

a bacterial biosorption technology (Kamala-Kannan and Lee, 

2008). 

In view of the degradative capacity of indigenous microbes 

the present study was planned to develop a better understanding of 

the bacterial diversity which exists in nature to deal with toxic 

heavy metals such as Cadmium (Cd), Arsenic (As), Mercury (Hg), 

Copper (Cu), Cobalt (Co). These bacteria shared the common 

Octa Journal of Biosciences                                                                               International peer-reviewed journal 
Octa J. Biosci. Vol. 9(1):37-44                                                                                           Jan-June 2021 

Received:17/01/2021 / Revised:04/05/2021 / Accepted:15/06/2021 / Published on-line: 30/06/2021 Original Research Article 

https://orcid.org/0000-0003-2002-6075
https://orcid.org/0000-0003-1808-1980
mailto:manisha1083@gmail.com
DELL
Typewritten text
37



Nanda and Kumar, 2021 / Implications of bacterial multi-metal tolerance for mitigation of heavy metal pollutants from wastewater 

 

stress of different heavy metals. Thus, it is of interest to determine 

the differences as well as similarities in their capabilities to 

remove these heavy metal pollutants from industrial wastewaters. 

Understanding the tolerance behavior of different bacteria as well 

as exploring their bioremediation potentials is very important for 

the development of eco friendly technology for cleaning metal 

contaminated environments. 

 

 

2. MATERIALS AND METHODS 

2.1 Determination of multiple heavy metal tolerance in 

bacteria  

In order to isolate and screen multiple heavy metal tolerant 

bacteria wastewater samples were randomly collected from an 

industrial area nearby Dehradun, India. Further, the samples were 

serially diluted and plated on nutrient agar added with 1mM of 

different heavy metals viz., Cd, Cu, Hg, Co and As in separate 

plates. The cultures were allowed to grow at 37
o
C for 24–72 hrs. 

The pure cultures were obtained by repeated sub culturing. 

 

2.2 In vitro adaptation for discrete heavy metals environment 

in minimal media 

In order to select potential heavy metal tolerant bacteria for 

bioremediation of heavy metals from wastewater the bacterial 

isolates were further cultured in minimal media. The bacterial 

isolates were inoculated in Tris minimal media and then incubated 

at 37°C. The bacterial growth was monitored and recorded every 

24 hrs up to 72 hrs.  The bacterial isolates with acceptable 

tolerances to at least more than two heavy metals were there 

characterized on the basis of various morphological and 

biochemical responses. 

 

2.3 Comparison of heavy metal tolerance before and after in 

vitro adaptation for evaluating the MTC of heavy metals  

During the isolation step the bacterial isolates were able to grow 

on 1mM concentration of the heavy metal salts. Accordingly, for 

determining MTC (Maximum Tolerable Concentration), the 

concentration of heavy metals salt was further increased by a 

value of 0.5mM. Therefore, 1M stock solution of each of the 

heavy metal salt i.e., HgCl2, CdCl2, As2O3, CoCl2 and CuSO4 were 

initially prepared and was further increased each time by a value 

of 0.5mM to make appropriate dilutions (1mM, 1.5mM, 2mM, 

2.5mM and so on). The tolerance was compared both in Nutrient 

Broth (NB) as well as Tris minimal media. 

 

2.4 Bacterial bioremediation of heavy metals in wastewater  

Different bacterial isolates were first cultivated in separate heavy 

metal containing nutrient medium and incubated in a shaker 

incubator at 80 rpm for 48 hours at 37ºC. The concentration of the 

heavy metals was maintained at 1mM of the medium. The cultured 

cells were then harvested by centrifugation. For studying bacterial 

bioremediation of heavy metals the isolated bacteria were allowed 

to treat four (S1-S4) different heavy metal polluted wastewater 

samples. Biological treatment of the wastewater sample was done 

by inoculating each sample with the heavy metal resistant bacteria. 

For this purpose the samples were inoculated with different 

bacteria in separate cultures for 72 hrs at 37 ºC. The concentration 

of the heavy metals in the above treated samples was determined 

by ICPMS and was compared with the corresponding untreated 

sample. 

 

2.5 Statistical analysis of the bioremediation experiment 

During the present investigations it was observed that a single 

heavy metal can be removed by more than one bacteria. Also, the 

study includes multiple metal tolerant bacteria. Therefore, the 

bacteria found effective on removal of a particular heavy metal as 

well as the efficacy of a multiple metal tolerant bacteria towards 

individual metals were statistically analyzed to ascertain which 

one of them is most effective for removal of that particular heavy 

metals. All the bioremediation experiments were conducted in sets 

of three. The results thus obtained were statistically analyzed by 

applying two way ANOVA, using the statistical package GenStat-

32. 

 

3. RESULTS  
 

3.1 Determination of multiple heavy metal tolerance in 

bacteria 

A total of 11 bacterial isolates (Is1 to Is11) were screened which 

displayed tolerance to the different heavy metals. The duration and 

tolerance to different heavy metals varied among bacteria as given 

in Table 1. Most of the isolates displayed resistance to Cd. 

However, the earliest adaptation was noted for Cu and Co among 

all the isolates.  

 

3.2 In vitro adaptation for discrete heavy metal environments 

in minimal media 
The isolates (Is2, Is3, Is10 and Is11) displayed acceptable 

tolerances more than one heavy metal when cultivated in Tris 

minimal media as given in Table 2.  The other isolates were not 

able to tolerate all the heavy metals as they were able to respond in 

Nutrient Broth. The morphological and biochemical characteristics 

presented the isolates belonging to viz., Is2 (Staphylococcus sp.), 

Is3 (Bacillus sp.), Is10 (E.coli) and Is11 (Pseudomonas sp.). The 

isolate, Is2 (Staphylococcus sp.) displayed rapid adaptation to all 

the metals and hence was able to tolerate all the metals except Co. 

Is3 (Bacillus sp.) was resistant to Cd, Hg and Cu. Is10 (E. coli) 

displayed tolerance to Cu and Co. Is11 (Pseudomonas sp.) was 

able to grow well in the presence of Cd, As and Co. Thus, 

resistance to Cd was common among all the four isolates (Table 

2).  

 

3.3 Comparison of heavy metal tolerance before and after in 

vitro adaptation for evaluating the MTC of heavy metals  

Marked difference in MTCs for the heavy metals among all the 

isolates was observed in enriched media (nutrient broth) and in 

minimal media (Tris minimal media). In present study Tris 
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minimal media showed low metal tolerance as compared to 

enriched media. While determining the MTCs it was observed that 

the same isolate displayed significant differences in its heavy 

metal tolerance capacity for different metals (Tables 3).  

3.4 Bacterial bioremediation of heavy metals in wastewater  

The reductions in the concentrations of the different heavy metals 

in the four different wastewater samples (Sample 1-Sample 4) by 

the resistant bacterial isolates are presented in Fig 1. The ICPMS 

data revealed that during the bioremediation experiments the 

efficacy of the all the selected bacterial isolates (Is2, Is3, Is10 and 

Is11) was established and they were quite efficient in removing 

the pollutant heavy metals viz., Cadmium (Cd), Arsenic (As), 

Mercury (Hg), Copper (Cu) and Cobalt (Co) from the wastewater 

samples. A reduction of approximately 55% was recorded for Cd. 

Lower reductions for As were recorded i.e., upto 29%. Reductions 

upto 45%, 53% and 57 % were recorded for Hg, Co and Cu 

respectively.  

3.5 Variations among bacteria in the bioremediation of heavy 

metals 

Bacillus sp. (Is3) and Staphylococcus sp. (Is2) were found to 

remove Mercury (Hg). The analysis revealed that their efficacies 

do not vary significantly in removing Mercury (Hg) from the 

selected wastewater samples. Cadmium (Cd) was removed by 

Bacillus sp. (Is3) , Staphylococcus sp. (Is2) and Pseudomonas sp 

(Is11). The analysis showed that their efficacies vary significantly 

in removing Cadmium (Cd) from different wastewater samples. 

Bacillus sp. (Is3)  and Staphylococcus sp. (Is2) were equally 

efficient in removing Cadmium (Cd) as the difference of their 

mean is less than the Critical Difference (CD) value. 

Pseudomonas sp. (Is1) was found to have least efficacy. Copper 

(Cu) was removed by Bacillus sp. (Is3) , Staphylococcus sp. (Is2) 

and E. coli (Is10). Pseudomonas sp. (Is11) and E. coli (Is10) were 

found to remove Cobalt (Co). The analysis revealed that their 

efficacy does not vary significantly in removing Cobalt (Co) from 

wastewater samples. Pseudomonas sp. (Is11) and Staphylococcus 

sp. (Is2) were found to remove Arsenic (As). The analysis 

revealed that their efficacy did not vary in removing Arsenic (As) 

from different wastewater samples.  

3.6 Variations in bioremediation of different heavy metals by 

particular bacteria 

The heavy metals Mercury (Hg), Cadmium (Cd) and 

Copper (Cu) were removed by Bacillus sp. (Is3). A significant 

variation in the efficacy of removal of these metals by Bacillus sp. 

was recorded, with a Critical Difference (CD) value of 3.594. 

Copper (Cu) was removed by Bacillus sp. from the selected 

wastewater samples. Bacillus sp.was most efficient in removing 

Cadmium (Cd) from wastewater samples, whereas the efficiency 

for removing Mercury (Hg) was least.  

The heavy metals Cadmium (Cd), Arsenic (As) and 

Cobalt (Co) were removed by Pseudomonas sp. (Is11). A 

significant variation in the efficacy of removal of these metals by 

Pseudomonas sp. was recorded with a Critical Difference (CD) 

value of 11.41. Cobalt (Co) was removed by Pseudomonas sp. 

from the selected wastewater samples. Pseudomonas sp. was most 

efficient in removing Cadmium (Cd) from wastewater samples 

whereas the efficiency in removing Arsenic (As) was least.  

The heavy metals Cadmium (Cd), Arsenic (As), Mercury 

(Hg) and Copper (Cu) were removed by Staphylococcus sp. (Is2)  

A significant variation in the efficacy of removal of these metals 

by Staphylococcus sp. was recorded, with a Critical Difference 

(CD) value of 7.63. Copper (Cu) was removed by Staphylococcus 

sp. from the selected wastewater samples. Staphylococcus  sp.was 

most efficient in removing Cadmium (Cd) and Mercury (Hg) 

respectively from wastewater samples whereas efficiency for 

removing Arsenic (As) was least .  

The heavy metals Cobalt (Co) and Copper (Cu) were 

removed by E. coli (Is10). Significant variation in the efficacy of 

removal of these metals by E. coli was not recorded.  
 

 

 

4. DISSCUSSION 

The findings of the present study clearly indicate that bacteria can 

effectively remove heavy metals from industrial wastewaters 

under laboratory conditions. The identified isolates and their 

resistance to different heavy metals support the findings of  

various researches that have reported Pseudomonas sp. to be 

resistant to As, Co, Cd (Selvi et al., 2012; Karimpour et al., 2018; 

Fernández et al., 2014). The resistance of Bacillus sp. and E. coli 

against Mercury Hg, Cu, Cd and Co has also been well reported 

(Benmalek and Fardeau, 2016; Cruz Medina et al., 2013; Jain et 

al., 2011; Samanta et al., 2012; Wu et al., 2016).
 
The results 

obtained in this study are also in line with the multiple heavy 

metal tolerance reported in Staphylococcus sp. by various 

researchers (Argudín et al., 2016; Yilmaz et al., 2013). 

Determining heavy metal tolerance in bacteria with enriched 

media, e.g., Nutrient Agar (NA) could be misleading as the toxic 

metals interact with medium components and carbon source of 

enrichment medium and are not readily available to the bacterium. 

Therefore during the present investigations minimal media was 

used for heavy metal tolerance analysis in the bacterial isolates. 

The growth of the isolates was checked both in nutrient 

broth/nutrient agar as well as Tris minimal media. The isolated 

bacteria were able to grow well in minimal media indicating that 

they are efficient for the purpose of bioremediation. The results 

obtained indicate that resistance to Cadmium (Cd) and Copper (Cu) 

was more prominent among the bacterial isolates reflecting that 

the genetic determinants for resistance to Cadmium (Cd) and 

Copper (Cu) were more prominent among the isolated bacteria. 

The reasons for lower/less common resistances towards other 

heavy metals could be limited in vivo exposure to those metals and 

therefore lower adaptation and expression of genetic determinants 

for them. Further, the bacterial species with better adaptation 

towards a metal may influence the survival as well as adaptation 

of other bacterial populations thriving in the same environment. 

Similar findings have been reported by other researchers from 

different industrial effluents where bacteria isolated from the same  
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E 

Fig 1(A-E). Reduction in the concentrations of the different heavy metals among the different wastewater samples by the different bacterial isolates based on ICPMS 

analysis. 

 

 
Table 1. Growth of bacterial isolates on different heavy metal salts in NA. 

 

Bacterial 

isolate 

Duration (hrs) after which bacterial growth  was observed 

on the respective heavy metals (1mM) 

CdCl2 As2O3 HgCl2 CuSO4 CoCl2 

Is1 (Pseudomonas sp.) 48hrs 72hrs - - 24hrs 

Is2 (Staphylococcus sp.) 48hrs 48hrs 48hrs 24hrs - 

Is3 (Bacillus sp.) 72hrs - 48 hrs 24hrs - 

Is4 (Pseudomonas sp.) 48hrs 72hrs - - 48hrs 

Is5 (Staphylococcus sp.) 48hrs 48hrs 48hrs 24hrs - 

Is6 (Bacillus sp.) - - - 24hrs - 

Is7 (Staphylococcus sp.) - - 48hrs 24hrs - 

Is8 (Bacillus sp.) 72hrs - 48 hrs 24hrs - 

Is9 (Staphylococcus sp.) 48hrs 48hrs 48hrs - - 

Is10 (E.coli) - - - 24hrs 24hrs 

Is11 (Pseudomonas sp.) 48 hrs 72hrs - - 24hrs 
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Table 2. Changes in growth responses and tolerance of bacterial isolates towards different heavy metal salts in Tris minimal media. 

 

Bacterial 

isolate 

Duration (hrs) after which bacterial growth  was observed on the 

respective heavy metals (1mM) 

CdCl2 As2O3 HgCl2 CuSO4 CoCl2 

Is2 48hrs 48hrs 48hrs 24hrs - 

Is3 72hrs - 48 hrs 24hrs - 

Is10 - - - 24hrs 24hrs 

Is11 48 hrs 72hrs - - 24hrs 

 

 
Table 3. Variations in MTC values of heavy metals for different bacterial isolates 

 

Bacterial 

 isolate 

MTC of heavy metals (mM) in different Media 

CdCl2 As2O3 HgCl2 CuSO4 CoCl2 

NB TM NB TM NB TM NB TM NB TM 

Is2  

(Staphylococcus sp.) 

4.5 2.5 3.0 1.5 4.5 3.0 4.5 4.0 - - 

Is3  

(Bacillus sp.) 

2.5 1.5 - - 3.5 2.0 5.0 4.5 - - 

Is10  

(E.coli) 

2.0 1.0 - - - - 5.5 5.5 3.5 3.0 

Is11 

(Pseudomonas sp.) 

4.0 2.0 2.5 1.5 - - - - 3.0 3.0 

                   NB:Nutrient Broth, TM::Tris Minimal Media 

 

 

environment. Similar findings have been reported by other 

researchers from different industrial effluents where bacteria 

isolated from the same environment vary in their heavy metal 

tolerances (Marzan et al., 2017; Mustapha and Halimoon, 2015). 

The significance of determining MTCs lies in identifying 

bacteria that can survive at higher concentrations of heavy metals 

and hence can give effective bioremediation outputs. The 

differences in MTCs among bacteria for the same heavy metal, for 

different metals by the same bacteria and in different media 

(enriched & minimal media) may be attributed to according to the 

bacterial adaptation response (Brunis et al., 2000; Tsai et al., 2005; 

Li et al., 2017). The successful application of bioremediation lies 

in the treatment of effluent contaminated with different types of 

heavy metals effectively (Igiri et al., 2018; Kamika and Momba, 

2013). The presence of different types of heavy metals as well as 

their concentrations influences the capacity of bioremediation. 
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The results of the bioremediation experiment and the statistical 

analysis indicate that the efficiency of a particular bacterium in 

removing different heavy metals from the same wastewater 

sample varies. Also, the potential in removing a particular heavy 

metal by the different bacteria also varies. This may be due to the 

hindrance exerted by the presence of other heavy metal 

contaminants present in the same effluent sample.  

5. CONCLUSION 

Bacterial bioremediation is an eco-friendly and cost effective 

solution for the removal of heavy metal contaminants from 

wastewater over the traditional treatment techniques. There may 

be marked differences in the heavy metal resistances and the 

potentials of the bacterial populations isolated from the same 

environment for the purpose of bioremediation. In vitro adaptation 

and training of bacteria in heavy metal supplemented minimal 

media can be very effective in identifying potential bacteria for 

serving bioremediation of wastewaters. 
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