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A B S T R A C T 
Copper is one of the heavy metals released into the environment by human beings in excessive amounts in the vicinity 
of copper mining and also in industrial wastewater discharge such as plating, fertilizers, pesticides, etc. According to US-
EPA, in drinking water copper levels should not exceed 1300 µg/l. Such toxic metals should be cleaned up by removed 
from the environment. Bioremoval of copper is an environmentally friendly method. There were twenty isolates were 
screened as copper resistant, from the copper contaminating site. These isolates showed MIC for copper ranging from 
600 - 1800 µg/ml. Three isolates TICu02, TICu05, and TICu08 showed maximum tolerance of 1800 µg/ml concentration 
of Cu. The effect of different parameters on the removal efficiency of three isolates was studied. Isolate TICu02 was able 
to remove 100µg/ml Cu (II) completely at 40°C at pH-7 in 48 hours. These isolates can be employed efficiently for the 
removal of copper at copper-contaminated sites. 
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Wastewater discharged from metal plating processes 

contains toxic substances such as cyanides, alkaline cleaning 

agents, degreasing solvents, oil, fat, and toxic metals such as 

copper. These heavy metals have a fatal effect on the human 

body as well as causing environmental pollution and the 

indigenous aquatic biota even at low levels, and heavy metal 

ions are known to be carcinogenic. Therefore, the toxic and 

hazardous effluents that emanate from the metal plating 

factories must be properly treated so that they do not cause more 

damage to the environment [1]. Environmental contamination 

due to copper is caused by metal plating industries, 

metallurgical, fibre production, pipe corrosion, mining, and 

printed circuits. Some other industries majorly discharging 

copper in their effluents are wood preserving, pulp and paper, 

petroleum refining, and agricultural sources such as fungicidal 

sprays, fertilizers, and animal wastes also lead to water 

pollution due to copper [2]. 

Copper may be found as a contaminant in various foods 

especially liver, mushrooms, shellfish, chocolates, and nuts. 

Any packaging container using copper material may 

contaminate the product such as food, water, and drink. Copper 

has been reported to cause neurotoxicity commonly known as 

"Wilson's disease" due to the deposition of copper in the 

lenticular nucleus of the brain and kidney failure. In some 

instances, exposure to copper has resulted in jaundice and 

enlarged liver. It is suspected to be responsible for one form of 

metal fume fever. Copper-containing sprays are linked to an 

increase in lung cancer among exposed workers. A higher 

concentration of copper also affects microbes by disrupting cell 

functions and cell membrane as well as nucleic acid [3]. 

The U. S. Environmental Protection Agency (US-EPA) 

has determined that copper levels in drinking water should not 

exceed 1300 µg/l. Some conventional methods are available for 

the removal of such toxic heavy metals but these are cost-

effective and produce secondary pollution in the environment. 

Bioremediation by using microorganisms is an effective and 

eco-friendly method for environmental cleanup. Bacillus sp 

tolerated high heavy metal concentrations of copper either 

actively by bioaccumulation or passively by adsorption [4]. The 

role of microorganisms and plants in the biotransformation of 

heavy metals into nontoxic forms is well-documented, and 

understanding the molecular mechanism of metal accumulation 

has numerous biotechnological implications for the 

bioremediation of metal-contaminated sites. In view of this, the 

present study investigates the abilities of microorganisms in 

terms of tolerance and bio-removal of heavy metals. Also, 

advances in bioremediation technologies and strategies to 

explore these immense and valuable biological resources for 

bioremediation are discussed. An assessment of the current 

status of technology deployment and suggestions for future 

bioremediation research has also been included [5]. This study 

aimed to screen copper-resistant isolates and characterize their 

copper removal ability.  
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Sample collection and metal analysis 

An electroplating effluent sample was collected from the 

plating industry in MIDC Nanded. The effluent sample was 

collected in sterile glass sampling bottles and transported 

aseptically in an ice box to the laboratory immediately for 

further analysis [6]. The sample was determined for the 

presence of copper by using Inductively Coupled Plasma-

Atomic Emission Spectroscopy ICP-AES [7]. 

 

Isolation and identification of copper resistant bacteria 

Samples were serially diluted up to 10-5 dilutions. 

Copper tolerating bacteria were isolated by spreading diluted 

samples on nutrient agar plates containing 100 µg/ml of copper 

sulphate salt. These plates were kept for incubation at 30°C for 

24-48 hrs. The nutrient agar and stock solution of metal salts 

solution were sterilized separately before addition [8]. 

Identification of these isolates was done by the 16s r RNA 

sequencing method. 

 

Determination of minimum inhibitory concentration 

MIC of copper resistant isolates was determined by 

preparing a stock solution of copper sulphate in doubled 

distilled deionized water. The sterile stock solution was added 

in increasing concentrations from 100, 200, and 300 up to 2500 

µg/ml in nutrient broth tubes. All these tubes were inoculated 

with an equal volume of an active culture of each isolate. All 

the tubes were incubated at 30°C for 48 hrs. The bacterial 

growth in terms of turbidity was determined by measuring 

optical density at 600nm by using UV-VIS Spectrophotometer 

(Model No-Systronics 119, UV-VIS spectrophotometer). 

 

Copper bio-removal assay 

Copper-resistant isolates were inoculated in nutrient 

broth with 100µg/ml of copper sulphate and without metal salt 

as a control. The flasks were incubated at 30ᵒC for 48 hrs. Initial 

(0 hour) and final (48 hours) concentration of Copper II was 

determined by the Bathocuproine method [9-10]. Copper 

removal efficiency was calculated in percentage formula given 

by Shahin et al. [11]. 

 

Effect of various parameters on bio removal efficiency isolates 

Each Copper resistant isolate was inoculated in separate 

flasks containing 100ml nutrient broth with copper sulphate at 

a concentration of 100µg/ml and without metal salt as a control. 

The effects of different parameters were studied on bio removal 

efficiency and growth of isolates. These parameters were 

included various temperature (10, 20, 30, 40 and 50°C), pH (5, 

6, 7, 8 and 9), inoculum size (1, 2, 3, 4 and 5%), copper 

concentration (100, 200, 300, 400 and 500 µg/ml), incubation 

period (24, 48, 72, 96, 120 and 144 hours) and agitation (0, 50, 

100, 150, 200 rpm). Samples were collected during the study of 

each parameter. The bio removal efficiency of isolates was 

determined by measuring the concentration of copper in each 

sample. 

 

RESULTS AND DISCUSSION 
 

Analysis of copper, screening, and identification of copper 

resistant isolates 

ICP-AES analysis of the plating sample showed a 0.021 

ppm concentration of copper whereas chromium and zinc were 

present in concentrations of 5.889 and 0.033 ppm respectively. 

Gupta et al. [12] determined copper, chromium, and zinc in 

concentrations of 0.067, 0.1416, and 0.026 ppm respectively. 

Twenty-one differentiated colonies of isolates were screened on 

copper amended nutrient agar plates. These isolates were 

labelled as TICu01 to TICu21. In this study, among all isolates, 

TICu02 could highly efficient copper remove hence this isolates 

TICu02 was identified by 16S rRNA sequencing as Bacillus 

cereus with 99% similarity. Velusamy et al. [13] isolated heavy 

metal resistant bacteria showing copper resistance up to 50 

µg/ml was identified as Bacillus megaterium X4. 

 

Determination of minimum inhibition concentration 

All twenty-one Cu resistant isolates were determined for 

MIC of Cu as per the result shown in (Fig 1). Three isolates 

TICu02, TICu05, and TICu08 showed higher MIC i.e., 1800 

µg/ml in nutrient broth amended with the salt of Cu II. These 

isolates showed MIC of Cu ranging from 600-1800 µg/ml. 

Mustapha and Halimoon [14] screened isolate MH 4 which 

showed a MIC 200 µg/ml for Cu. Baz et al. [15] reported that 

Actinobacteria showed 0.10 mg/ml MIC for Cu recorded. 

 

 

Fig 1 MIC of Cu II for copper resistant isolates 

Copper removal assay of isolates 

Three isolates (TICu02, TICu05, and TICu08) that 

showed a higher MIC of Cu were selected for copper removal 

assay. Bacterial isolate isolates TICu02, TICu05 and TICu08 

were showed 100%, 73% and 84% respectively. TICu08 

showed complete removal of Cu II in 48 hrs. Nanda et al. [16] 

showed that Bacillus sp. and Pseudomonas sp. could remove 

62% and 34% of initial copper after 48 hours at 35±2°C and 

80rpm. 

 

Effect of different parameters on copper removal efficiency of 

isolates 

As shown in (Fig 2), Cu-resistant isolates showed most 

Cu II removal in 48 to 72 hours in nutrient broth with 100ug/ml 
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of Cu II. Isolate TICu02 was achieved complete Cu removal in 

48 hrs. The optimum temperature for maximum Cu removal of 

all isolates was 40°C (Fig 3). Oves et al. [17] investigated that 

Bacillus thuringiensis OSM29 showed the optimum 

temperature for copper biosorption was 32±2°C at pH 6. As 

shown in (Fig 4), isolates were able to remove Cu ranging from 

pH-5 to pH-9. At pH-7, maximum Cu removal was observed. 

Isolate TICu02 showed complete Cu removal at pH-7. 

Benmalek and Fardeau [18] reported that at pH 6-8.5, the living 

cells of Micrococcus showed the largest uptake of 83.90% 

capacity for copper. The optimum pH for copper biosorption by 

Micrococcus and Pseudomonas was 5.0 [19]. As shown in (Fig 

5), Isolates TICu02, TICu05 and TICu08 achieved optimum Cu 

removal by adding 4% initial inoculum in size. The effect of 

different initial Cu concentrations amended was as shown in 

(Fig 6). In this case, Cu removal efficiency and concentration 

of Cu salt were reciprocal hence as the initial Cu concentration 

was increased from 100 to 500µg/ml, the bacterial efficiency of 

Cu removal was decreased. Bacillus sp. showed more growth at 

1 µg/ml and a decrease in growth at the 3 µg/ml level of Cu 

[20]. Cu-resistant isolates showed optimum efficiency of Cu 

removal at 150 rpm (Fig 7). 

 
   

Fig 2 Effect of incubation period on Cu II removal  Fig 3 Effect of temperature on Cu II removal 

 
   

Fig 4 Effect of pH on Cu II removal  Fig 5 Effect of inoculum size on Cu II removal 

   

Fig 6 Effect of initial Cu concentration on Cu II removal  Fig 7 Effect of agitation on Cu II removal 

CONCLUSION 
 

Twenty-one Cu II tolerating bacteria were isolated from 

industrial effluent samples. In these isolates, three isolates 

showed maximum tolerance at a concentration of 1800 µg/ml 

of Cu (II). Effects of various parameters on removal efficiency 

of three isolates showed, that isolate TICu02 was able to remove 

Cu (II) 100% within 48 hours at pH 7, temperature 40°C at 
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100µg/ml Cu (II) salt by using 4% inoculum. These isolates can 

be employed efficiently for the removal of copper present in 

environmental conditions. All of these three isolates have 

potential use in the bioremediation of toxic Cu (II) at normally 

present conditions. This method of bioremediation is eco-

friendly cost-effective and easily applicable. 
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