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Abstract: The bacteria, Bacillus subtilis, Enterococcus sp., Escherichia coli, Klebsiella sp., 
Proteus sp., Pseudomonas aeruginosa, Salmonella typhi, Staphylococcus aureus, Staphylococcus 
epidermidis, Streptococcus sp., Vibrio cholerae and Vibrio parahaemolyticus which were found to 
be either pathogen or opportunistic pathogen were evaluated for their sensitivity towards metallic 
salts. The antibacterial potency of the metallic salt solutions of Chromium, Cobalt, Mercury, 
Nickel, Lead, Cadmium and Zinc were evaluated. The study was conducted using Kirby-Bauer’s 
disc diffusion method. Among the salt studied, Chromium salts showed no inhibition towards any 
of the bacteria. Heavy susceptibility of bacteria were noticed for the salts of Mercury, Cadmium 
and Nickel. As, the metallic salts used are reported to be that of heavy metals, it is proposed to use 
the metallic salts in their oxide forms or as nanostructures in combating infectious bacteria.  
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Introduction 
The prevalence of microbial infections leading to an increased rate of mortality is on the high for 
the past two decades, causing it a major concern globally (Tatli and Akdemir, 2005). Though the 
fourth generation of antibiotics have been discovered, the incidence of antibiotic resistance strains 
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has increased owing to the misuse or overuse of the drugs and antibiotics (Diab, 2002; WHO 
2015). Infection by such drug resistant strains leads to difficulties in treatment. In India, about 
58,000 deaths of neonatal sepsis were attributed to microbial resistance to drugs (Laxminaraya et 
al., 2013). Subsequently, there is an increasing urge to identify potential antimicrobial agents 
from varying sources. Several reports inter-relate drug resistance and metal tolerance (Silver, 
1996; Mgbemena et al., 2012). 
Metals such as copper, mercury, silver and arsenic have been conventionally used as antimicrobial 
agents since ancient times, until they were replaced by antibiotics. Due to the declining efficiency 
of antibiotics, the use of metals as nanostructures or alloys or complexes, especially those of 
silver, are re-emerging for their use as an antimicrobial agents. Their efficiency is supported by 
recent studies that indicate the oxidative stress, protein dysfunction or membrane impairment to 
microbial cells caused by different metals, eventually leading to cell death (Franci et al., 2015). 
Thus, the present study is focused on the antibacterial activity of different metallic salts against 
pathogens/opportunistic pathogens, which are found to be associated with diseases such as 
bacteremia, urinary tract infections, respiratory infections, etc. 

Materials and Methods 
Bacterial cultures 
Laboratory cultures of 12 pathogenic bacterial strains were used for the study, of which seven are 
Gram negative and five are Gram positive. The Gram positive bacteria includes, Bacillus subtilis, 
Enterococcus sp., Staphylococcus aureus, Staphylococcus epidermidis and Streptococcus sp. 
while the Gram negative strains are Escherichia coli, Klebsiella sp., Proteus sp., Pseudomonas 
aeruginosa, Salmonella typhi, Vibrio cholerae and Vibrio parahaemolyticus. The strains of 
bacteria mentioned above are of infectious nature and their source and infection differ according 
to the strain. 

Kirby-Bauer disc diffusion method 
The salts used for the study are sulphate salt of Chromium, nitrate salts of Cobalt, Nickel, Lead, 
Cadmium and Zinc and Mercuric chloride. The antibacterial activity of the metallic salts is 
performed by Kirby-Bauer disc diffusion method where nutrient agar plates are spread with 100 
µl of 24 hour cultures of bacteria. Sterile discs (5mm diameter) loaded with 15, 20 and 25 µl of 
the respective metallic salt solutions corresponding to 100, 150 and 200 ppm were placed over the 
plates. After an incubation period of 24 h, at 37°C, the plates were observed for the zone of 
inhibition against the bacterial strains.  

Results  
Among the metallic salts studied, mercuric chloride was found to be the most efficient 
antibacterial agent which showed zone of inhibition against all the species of bacteria studied. 
This was followed by the nitrate salt of Cadmium which recorded zone of inhibition against all 
the bacteria except that of Escherichia coli. The nitrate salt of Cobalt too showed similar trend in 
recording antibacterial nature against all the bacteria studied except that of Escherichia coli and 
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Vibrio parahaemolyticus. It is noticed that the sulphate salt of Chromium has not recorded zone of 
inhibition against any of the bacteria studied.  
The salt of lead recorded zone of inhibition only against the following bacteria, i.e. Bacillus 
subtilis, Proteus sp. and Vibrio cholerae. All other bacteria showed resistance against the salt of 
lead even at the concentration of 200ppm. Although, the salt of Nickel has showed wide spectrum 
of antibiotic against 9 out of 13 bacterial strains studied, the zone of inhibition was not so 
significant when compared to other metallic salts. Similar trend was observed with that of the salt 
of Zinc. The bacteria, Bacillus subtilis, Enterococcus sp. and Escherichia coli have showed 
resistance towards the nitrate salt of Zinc. 
Mercury, cadmium, cobalt and zinc exhibited high antibacterial activity against S. typhi, with the 
zone of 24, 21, 20 and 20 mm respectively, at 200 ppm of respective salts, but in case of lead, a 
zone of only 7 mm was recorded at 200 ppm. For most of the strains, nickel and lead showed 
marginal antibacterial activity only at higher concentrations while cobalt, cadmium and zinc 
showed moderate action. Zinc was found to be the most toxic to S. typhi and Proteus sp., with 
zones of 12, 16, 20 and 17, 17, 19 mm respectively at 100, 150 and 200 ppm of the salt. B. subtilis 
and E. coli had tolerance towards zinc. In addition to chromium and zinc, E. coli had gained 
resistance against nickel, lead and cadmium, while low susceptibility, with a zone of 6 mm was 
recorded against cobalt. The pathogen, S. aureus, had gained resistance against nickel and lead. 
Enterococcus sp., Klebsiella sp. and S. epidermidis showed tolerance against lead whereas V. 
parahaemolyticus had tolerance towards cobalt and nickel at all the concentrations studied. The 
zones of inhibition recorded for individual metallic salts against the bacterial strains are tabulated 
in Table 1. 

Discussion 
Heavy metals, at lower concentrations, are found to be crucial for the growth and metabolic 
processes of microbes while at higher concentrations, they are toxic (Appenroth, 2010). In the 
present study, Mercuric chloride was found to be the most toxic of the metallic salts studied, 
followed by Zinc, Cadmium, Cobalt and Nickel, while Lead was toxic to very few of the strains 
studied. 
Among the metallic salts studied, Chromium sulphate was non-toxic to all the bacterial strains 
evaluated. Further, B. subtilis had acquired tolerance towards Zinc while S. aureus and V. 
parahaemolyticus were resistant to nickel and lead. E. coli was found to be resistant to all the salts 
studied except mercury and cobalt. This can be correlated with a report by Center for Disease 
Dynamics, Economics & Policy, revealing the resistance exhibited by 13% of E. coli against 
carbapenems in India by the year 2013 (CDDEP 2015). 
The resistance of the bacteria against the metals could be attributed to the mobilization of metals 
in the environment by anthropogenic sources, which has eventually led to the development of 
resistance factors in bacteria. The major mechanisms by which microbes tolerate heavy metals 
include exclusion by permeability barrier, intra- and extra-cellular sequestration, active transport 
efflux pumps, enzymatic detoxification and reduction in the sensitivity of cellular targets to metal 
ions (Bruins et al., 2000), which might be encoded in their plasmids (Mgbemena et al., 2012). 
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It is proposed to study the other parameters that influence the toxic nature of metals such as the 
form of metals used, effect of media components, hydrogen ion concentration, etc., are required.It 
is of concern that the salts of metals studied belongs to that of heavy metals, the question of 
toxicity is raised. So, to avoid toxicity of these metallic salts conversion of them into non-ionic 
form from the ionic form will be of helpful in nature. Thus, conversion of these metallic salts to 
that of the oxides of metals or as nanoparticles is recommended and usage of these as an 
antimicrobial agent is highly proposed to combat the infectious bacteria. 

Conclusion 
The present study reveals the antibacterial activity of the metallic salts of Chromium, Cobalt, 
Mercury, Nickel, Lead, Cadmium and Zinc against 12 bacterial pathogens. The action of each 
metal differs with each bacterium. It is evident that the metallic salts are a potential agent in 
combating the infectious bacteria as most of them showed zone of inhibition against the infectious 
bacteria studied. As, the metallic salts used are reported to be that of heavy metals, it is proposed 
to use the metallic salts in their oxide forms or as nanostructures in combating infectious bacteria. 
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Table 1: Zones of inhibition (in mm) observed for the metallic salts against pathogens/opportunistic pathogens 
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Chromium 
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100 - - - - - - - - - - - - 
150 - - - - - - - - - - - - 
200 - - - - - - - - - - - - 

 
Mercury 

100 12 13 15 14 18 9 19 15 16 15 15 10 
150 15 15 16 15 19 18 20 17 17 18 16 10 

200 15 16 17 17 22 19 24 19 18 20 18 11 
 

Cobalt 
100 8 10 - 9 11 9 17 - 9 8 10 - 
150 9 11 - 11 10 10 19 11 10 10 11 - 
200 10 11 6 12 13 10 20 12 11 12 12 - 

 
Nickel 

100 - - - - - - - - - - - - 
150 9 8 - 9 8 11 11 - 10 6 6 - 
200 11 8 - 9 8 11 15 - 10 10 7 - 

 
Lead 

100 6 - - - 6 - - - - - 6 - 
150 11 - - - 7 6 - - - 6 7 - 
200 11 - - - 10 10 7 - - 9 11 10 

 
Cadmium 

100 15 10 - 6 13 - 18 8 6 17 15 16 
150 17 13 - 7 17 8 20 11 9 19 18 17 
200 17 14 - 11 20 9 21 20 10 19 19 20 

 
Zinc 

100 - - - 9 17 6 12 6 6 9 11 6 
150 - 6 - 9 17 8 16 7 8 10 16 7 

200 - 9 - 10 19 9 20 11 11 10 17 11 

Represents no zone of inhibition 


