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Abstract 

 

Microorganisms have the ability to take up metals from the environment and accumulate them 

within them.  In this study, tolerance level and bioremediation ability of Brevibacterium sp.(MTCC10313) 

to heavy metals is studied. The present study is to determine Minimum Inhibitory Concentration (MIC) of 

heavy metals on Brevibacterium sp. MTCC10313 when used for bioremediation and to study the effect of 

heavy metals on its growth. Brevibacterium sp. isolated from coffee pulp (Sneha et al., 2010) was grown in 

the presence of manganese, cadmium, lithium, lead, copper and mercury in varying concentrations and their 

minimum inhibitory concentration (MIC) was found. On the basis of MIC obtained, the growth kinetics of 

bacteria was studied to see the effect of these metals at two different concentrations on the growth by 

measuring OD at 600 nm up to 48 h.  

The MIC results were found to be 800 ppm for manganese, 120 ppm for cadmium, 250 ppm for lithium, 

1500 ppm for copper and 10 ppm for mercury respectively.  
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INTRODUCTION 

 

Land and water are precious natural resources on which rely the sustainability of agriculture and the 

civilization of mankind. Unfortunately, they have been subjected to maximum exploitation and severely 

degraded or polluted due to anthropogenic activities Water pollution is a serious problem in India as almost 

70 per cent of its surface water resources are contaminated by biological, toxic, organic, and inorganic 

pollutants [1] Contamination by heavy metals are most serious because of their persistence in the 

environment which leads to bioaccumulation, toxicity and carcinogenicity in human beings and aquatic 

life[2]. 

Heavy metals are commonly defined as those having a specific density of more than 5 g/cm3.Heavy 

metals pollution is an environmental problem of worldwide concern because most of them can be toxic even 

at low concentrations. Industrialized societies are responsible for increasing environmental contamination 

by trace metals produced as wastes from industrial and agricultural processes and household activities[3]. 

Some of these metals include cadmium, lead, mercury, arsenic, silver, cobalt, etc. 

 

a. Cadmium 
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Cadmium compounds are used in the metal plating and battery industry, and as stabilizing agents in 

many polyvinyl chloride (PVC) products. Cadmium is a component of petrol, diesel fuel and lubricating 

PCOs. Metallic cadmium has mostly been used as an anticorrosion agent (cadmiation). Cadmium is also 

present as a pollutant in phosphate fertilizers[4]An annual gross input of 15,000 tonnes of cadmium has been 

estimated. Moreover, between about 900 and 3,600 tonnes of cadmium are estimated to be deposited to 

aquatic environments throughout the world through atmospheric deposition of emissions originating from 

anthropogenic and natural sources[5].  

The most significant route of exposure to cadmium and or cadmium compounds for most members 

of the general public is through food, since food materials tend to take up and retain cadmium. Cadmium, 

especially cadmium oxide is a ‘probable carcinogen’. There is evidence of it causing prostate and kidney 

cancer in humans, it has been shown to cause lung and testicle cancer in animals[6].  

 

b. Lithium 

 

Lithium batteries are also used extensively these days in electronic gadgets like laptops which also 

lead to accumulation of lithium and toxicity after its improper disposal. Lithium can be found throughout 

the world, but brine waters contain up to 0.050 to 2000 ppm, seawater up to 0.170 ppm, and freshwater 

typically less than 0.001 to 0.003 ppm and daily lithium content from food has been estimated at 2 

milligrams per day with the primary source being grains and vegetables[7]. 

 

Lithium toxicity presented a neurological syndrome suggesting a diagnosis of Creutzfeldt-Jakob 

disease[8]. Exposure to lithium via drinking water and other environmental sources may affect thyroid 

function. This stresses the need to screen for lithium in all drinking water sources[9]. 

 

c. Mercury  
 

 A major use of mercury is in the chloralkali industry, in the electrochemical process of 

manufacturing chlorine, where mercury is used as an electrode[10]. The general population is primarily 

exposed to mercury via food, fish being a major source of methyl mercury exposure, and dental amalgam. 

Inorganic mercury is converted to organic compounds, such as methyl mercury, which is very stable and 

accumulates in the food chain[11].  

 

Methyl mercury poisoning has a latency of 1 month or longer after acute exposure, and the main 

symptoms relate to nervous system damage. High doses may lead to death, usually 2–4 weeks after onset of 

symptoms. The Minamata catastrophe in Japan in the 1950s was caused by methyl mercury poisoning from 

fish contaminated by mercury discharges to the surrounding sea[12].  

 

d. Copper 

 

Copper is used widely in electronic and electrical applications, in heat exchangers, in motors, for 

plumbing fittings, in building construction and roofing, in chemical and marine equipment, coal-fired power 

stations, metal production, waste incinerators, sewage treatment processes and from the application of 

agricultural chemicals. Smaller amounts are also released naturally from the earth's crust[13]. The 

concentration of copper in lakes and rivers ranges from 0.5 to 1,000 ppb with an average concentration of 10 

ppb. The average copper concentration in groundwater (5 ppb) is similar to that in lakes and rivers; 

however, monitoring data indicate that some groundwater contains levels of copper (up to 2,783 ppb) that 

are well above the standard of 1,300 ppm for drinking water.  
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Some species accumulate copper. Toxic effects on fish and other aquatic organisms have also been 

observed. No significant effects on the global environment are expected. High level exposure (following an 

accident or in an occupational setting) might cause chest pains, vomiting and irritation of the eyes and nose. 
 

e. Manganese 

 

Manganese is released to the environment from industrial emissions, fossil fuel combustion, and 

erosion of manganese-containing soils. Almost 80% of industrial emissions of manganese are attributable to 

iron and steel production facilities[14].. 

 

Cholestatic disease and nervous system disorders have been associated with toxic concentrations of 

manganese[15]. An epidemiological study in Japan described adverse effects in humans consuming 

manganese dissolved in drinking-water, probably at a concentration close to 28 mg/l[16].  It also lead to 

lethargy, increased muscle tone, tremor and mental disturbances[17].  

 

Micro organisms can change the oxidation state of metals and concomitantly deposit metal oxides 

and zerovalent metals on or into their cells. Because of their specific characteristics, such as high specific 

surface areas and high catalytic reactivity, biogenic metals offer promising perspectives for the sorption and 

(bio) degradation of contaminants[18]. 

 

 

MATERIALS AND METHODS 

 

Studies were conducted in department laboratory using instruments and chemicals available. 

Analytical grade chemicals were used. Brevibacterium sp.(MTCC10313) was the culture used for the 

study[19]All microbiological media were obtained from Hi-Media (M/s Hi-Media, Mumbai, India). All 

chemicals, solvents and reagents used in the study were of analytical grade, unless mentioned.  

 

1. Bacteria 
 

The organism used in the study was Brevibacterium sp.MTCC10313 (Nayak et al., 2012). Glycerol 

stock was prepared by adding equal volumes of 16 h old Brevibacterium sp. MTCC10313 culture and sterile 

50% glycerol and stored in a freezer at -20oC. The stock was retrieved and recultured whenever necessary. 
 

1.2  Bioremediation of metals 

 

Preparation of metal solutions 

 

Metals stock solutions were prepared (lead acetate, copper sulphate, manganese sulphate, cadmium 

sulphate, mercuric chloride, lithium sulphate, zinc sulphate, cobalt chloride) using metals salts available in 

the laboratory such that the final concentration of the metal in the stock solution was 10,000ppm. Metal 

stock solutions were then autoclaved at 121oC, 15 lbs pressure for 15 minutes and cooled. 

 

A. Minimum Inhibitory Concentration (MIC) 

 

Minimum inhibitory concentration (MIC) is the lowest concentration of a metal that will inhibit the 

visible growth of a microorganism after overnight incubation. Brevibacterium sp. MTCC10313 was cultured 

in nutrient broth supplemented with increasing concentrations of metal solutions. The sterile metal solutions 
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were added to the sterile nutrient broth in sterile condition. The media was then inoculated with 1%v/v 16 h 

old culture. The inoculated media was incubated in the incubator at 37oC and growth was monitored for 24 

h. After 24 h, the sample giving OD value less than 0.1 is said to be the MIC. 

 

Growth kinetics in the presence of heavy metals 
 

100 ml of nutrient broth media was dispensed in to 250ml side arm flask and sterilized. After 

determining the MIC, at three different concentrations (low, intermediate, high) appropriate amount of metal 

solutions were added into the nutrient broth and 1%v/v of 16 h old culture was inoculated in to these flasks. 

Optical density was measured using colorimeter at 540nm. Blank readings were taken before inoculation 

and readings were observed and tabulated from 0 to 48 h at definite time intervals. Growth curve (OD vs. 

Time) was plotted to study the growth pattern. 

 

RESULTS AND DISCUSSION 

 

MIC Results 

 

Table 1: MIC Results of cadmium and mercury for Brevibacterium sp. MTCC10313 

Concentration (ppm) OD600(Cd) OD600(Hg) 

Control 0.52 0.52 

10 0.31 0.28 

15 0.21 0.02 

20 0.03 0.02 

25 0.03 0.02 

30 0.03 0.02 

 

Table 2: MIC Results of copper and manganese for Brevibacterium sp. MTCC10313 

Concentration (ppm) OD600(Cu) OD600(Mn) 

Control 0.45 0.47 

100 0.42 0.42 

200 0.31 0.35 

300 0.33 0.29 

400 0.33 0.28 

500 0.31 0.25 

600 0.29 0.21 

700 0.28 0.23 

800 0.26 0.1 

900 0.27 0.09 

1000 0.28 0.08 

1250 0.22 0.07 

1500 0.15 0.07 

2000 0.08 0.06 

 

Table 3: MIC Result of lithium for Brevibacterium sp. MTCC10313 
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Concentration (ppm) OD600(Li) 

Control 0.49 

50 0.38 

100 0.34 

150 0.22 

200 0.16 

250 0.11 

300 0.05 

 

The MIC of different metals for Brevibacterium sp. MTCC10313 is shown in the tables above. From 

the tables it is evident that the MIC for copper (2000 ppm), manganese (800 ppm), cadmium (15 ppm), 

mercury (10 ppm) and lithium (250 ppm) respectively.  

 

3.2 Growth kinetics in the presence of heavy metals 
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Fig 3.1: Growth kinetics of Brevibacterium sp. in the presence of (A) Cadmium; (B) Manganese (C) 

Mercury (D) Copper and (E) Lithium.  

All above growth curves show fluctuations in the stationary phase indicating that some metabolic changes 

occur at this stage leading to the fluctuation in the growth of bacteria. At this stage Bacteria is in the process 

of overcoming the stress induced by the heavy metals thus showing the change in growth pattern. Incase of 

cadmium, manganese, mercury and copper the growth curve is below the control showing the reduction in 

growth due to the toxic stress induced by these metals .  Lithium tends to enhance the growth of bacteria at 

100ppm . The pattern of the growth cure remains the same in all cases. 

 

CONCLUSIONS 

The microorganism used in this study Brevibacterium sp can be used as a potential to bioremediation agent 

since it is found resistant to many of the metals. Growth kinetics indicate that it can be used successfully in 
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the bioremediation of lithium as the growth in the presence is more than control. Further studies needs to be 

carried out to understand the mechanism of bioremediation. 
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