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SUMMARY  

The organism and microorganism of heavy metals found in the environment is 
rather different, due to the concentration of that specific metal. At a certain concentration, 
heavy metals are key elements for growth and development. Any other type of 
concentration becomes toxic and not capable of survival. The effect of Zn and Mn heavy 
metals has been followed on a specific pathogenic microorganism represented by 
Staphilococcus aureus ATCC - 25932, Streptococcus albus ATCC - 6538, Candida albicans 
ATTC - 10231. Well known, though different concentrations of MnSO4 and ZnSO4 have 
been used. For 6 doses, there have been used (D1 - 100 mg/L, D2 - 80 mg/L, D3 - 60 
mg/L, D4 - 40 mg/L, D5 - 20 mg/L, D6 - 10 mg/L). MnSO4 and ZnSO4 solutions have been 
introduced in the culture environment in the form of agar nutrient. After the incubation, 
for every tested microorganism species the CFU/1 ml has been established at intervals of 
24-196 hours. Staphilococcus aureus and Streptococcus albus pathogenic bacteria species 
are resistant to the actions of MnSO4 and ZnSO4. The Candida albicans species has 
sensitivity and is inhibited in developing solutions of ZnSO4, but it is resistant to the 
actions of MnSO4. 
Keywords: pathogenic microorganism; Zn; Mn.  
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INTRODUCTION  

Zinc and manganese are included in the group of heavy metals (a controversial 
term, usually associated with toxic and very toxic elements, unbalancing the organisms and 
the microorganisms). As every heavy metal, zinc is Earth’s natural component, a significant 
part of our environment. It is found in rocks and soil, air, water and in the biosphere. Every 
living organism needs zinc. This is the reason why it has been known as one of the most 
important elements. Although, when an excessive amount of zinc is ingested, that may turn 
out to be toxic. The manganese is an essential nutritional mineral, but it also has a toxic 
potential. Though, it may be found in extremely small quantities in the organism, it is vital 
for the metabolism of every creature. 

The heavy metal spreading is a fundamental concern for human health. The 
environment issues caused by these heavy metals, like their lower solubility in biota, make 
them to be considered as carcinogenic and mutagenic [1]. 

Environment pollution with heavy metals usually take place in the industrial area, 
as an inappropriate application of certain chemical fertilizers or because of sewage sludge. 
Decontamination of the environment polluted with heavy metals requires high costs. A 
biological approach of this issue may bring to the solution of decontamination and also to 
reduced costs. 

Studies have been made in order to establish that certain microbial populations are 
able to adapt to higher concentrations of heavy metals. This way, they become resistant to 
that specific metal [2]. 

As concerning the the microorganism capacity to resist higher concentrations of 
heavy metals from the environment, it is recommanded to use microorganisms in order to 
decontaminate the polluted environment [3]. 

Microorganisms have the capacity to retain metals through an active or passive 
absorbtion (bioacumulation), the studies have been made by Hussein et al [4-6]. 

It is already known that metals and heavy metal salts are microbicides, because of 
the metal ion released through dissociating mineral salts into the solution. In the same time, 
it is well known that the bacteria and the pathogen yeasts are highly resistant to antibiotics 
and to other chemical substances (chemotherapy, antiseptics, desinfectants), this is the 
reason why. 

A higher concentration of heavy metals in the environment or lab conditions 
established development of a certain bacterial species and resistence to heavy metals. 
Studies from the lab on heavy metal polution with the known concentrations, show 
resistance to heavy metals. Though, it has been established that the Bacillus sp., 
Pseudomonas sp. and Micrococcus sp. are efficient stems resistent to Cu, Cd and Pb [7]. 
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Bacillus sp., Pseudomonas sp. and Micrococcus sp. have a maximum capacity to absorb Cu, 
Cd and Pb at a 7,6-6 environment pH [8]. 

The present work has in view to evidence the effect of heavy metals (Mn and Zn) 
at higher and lower concentrations, on pathogen stems of microorganisms. 

MATERIALS AND METHODS  

The effect of Zn and Mn has been established using two pathogen bacterial stems 
and a yeast stem, isolated from pathological products, in laboratory conditions from the 
hospital. Standard microorganism stems were as follows: Staphilococcus aureus ATCC - 
25932, Streptococcus albus ATCC - 6538, Candida albicans ATTC - 10231. 

Studied heavy metals have been Mn and Zn, in the form of different MnSO4 and 
ZnSO4 concentrations. Both solutions had the following concentration: 10 mg/L, 20 mg/L, 
40 mg/L, 60 mg/L, 80 mg/L, 100 mg/L. Due to the above mentioned concentrations, 6 doses 
have been established: D1 - 100 mg/L, D2 - 80 mg/L, D3 - 60 mg/L, D4 - 40 mg/L, D5 - 20 
mg/L, D6 - 10 mg/L. The agar nutrient has been used as a culture environment. To every 
dose an established concentration of MnSO4 and ZnSO4 has been used. The culture 
environment, in the form of dust, has been weighted and put into glass ballons. MnSO4 and 
ZnSO4 solutions have been also added. 

After mixing, the culture has been sterilized through autoclaving, at a temperature 
of 121° C, for 15 minutes. Shortly after sterilization, the solution is poured into Petri plates. 
Six dilutions have been prepared for every pathogen stem by suspending the primary isolate 
in sterile distilled water, with the help of the so technical decimal dilutions.  The highest 
dilution (10-6), has been inoculated on a culture with agar nutrient, using an inoculation 
technique or the “inoculum dissemination technique on the environment surface” [9]. 

The 10-6 inoculum dilution has been placed in three Petri plates. The Petri plates 
have been incubated in a thermostat with its lid turned upside down, at a temperature of 37° 
C. At intervals of 24, 48, 96, 144 and 196 hours of incubation, microorganism colonies have 
been developed on environment surface. 

 

RESULTS AND DISCUSSION 

Studied microorganism species like Candida albicans, Staphilococcus aureus, 
Streptococcus albus have been incubated at a temperature of 37° C, on a culture 
environment with agar nutrient. Solutions of MnSO4 and ZnSO4 have been added with an 
established concentration for 6 doses. The witness variant has been added to it later. At 
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intervals of 24, 48, 92, 144 and 192 hours obtained colonies have been numbered and put 
into Petri plates. Results have been recorded in a table from the program called Microsoft 
Excel. 

Our next step has been to make the graphics from below. Due to these studies, the 
effect of Zn and Mn has been established on microorganism development. For every 
pathogen species, the witness sample highlights microorganism colonies developed on a 
simple environment culture with agar nutrient, having no Zn and Mn solutions.   

At the first 24 hours of incubation, the Candida albicans species has only a few 
colonies. Later, at an interval of 48 hours, there is an intense development going on, 43.5 
CFU yeasts/1μl. As the incubation time grows, there is a slight increase of microorganism 
colonies, in the case of Candida albicans. 

Staphilococcus aureus has a higher number of colonies, at an interval of 24 hours. 
The CFU bacteria coefficient / 1 μL has reached the value of 194.33. At the interval of 48 
hours, a progresive growth has been recorded. Values are between 3 and 10 CFU / 1 μL. At 
the Streptococcus albus species, an exponential growth has been recorded, from the first 24 
hours of incubation. 

The coefficient has reached to 337 CFU/ 1μL. Values have been growing rather 
slowly in the following days, reaching 377.33 CFU/ 1μL, at 192 hours. At the first 24 hours 
of incubation, the Candida albicans species has an extremely reduced number of colonies, 
formed in every 6 studied doses. Also, the number of pathogen colonies have been 
established, at every 48 and 96 hours. 

Its coefficient reaches up to 75-100 CFU yeast/ 1μL. The highest values of this 
coefficient has been recorded at the interval of 192 hours, showing a difference of 167 CFU 
yeast/ 1μL, when compared to the witness sample. In the case of the pathogen species 
Staphilococcus aureu, following the number of colonies and its forming time, a significant 
growth shall be noticed in the first 24 hours, correlated with values recorded from the 
witness sample mentioned in this study. The 6 doses have different dilutions, although 
Staphilococcus aureus has normal variations (fig. 2). 

As concerning the Streptococcus albus, the witness sample presents the lowest 
recorded value in the case of ZnSO4. During those 5 days of counting the samples, the 
colonies have been grouped around the value of 250-300 UBC bacteria / 1μL. Values of 
every doses have been unchanging, with no great values as in the case of other studied 
pathogen stems (fig. 3). 
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Fig. 1. The effect of ZnSO4 on Candida albicans development 
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Fig. 2. The effect of ZnSO4 on Staphilococcus aureus development 
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Fig. 3. The effect of ZnSO4 on Streptococcus albus development 

At the Candida albicans species, during the first 24 hours of incubation, an almost 
inexistent, rather low development has been recorded. At intervals of 48 and 96 hours, there 
has been exponential growth, but in the same time, numerically, almost the same. As 
compared to the witness sample, a growth has been recorded, due to the manganese 
sulphate. 

During the 4th working day, the CFU yeast coefficient yeast / 1μL have 
significantly grown, meaning that the shock has been surpassed due to the concentration of 
MnSO4. At the intervals of 192 hours, recorded values are much more superior, compared to 
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recorded values from the witness sample. 
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Fig. 4. The effect of MnSO4 on Candida albicans development 
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Fig. 5. The effect of MnSO4 on Staphilococcus aureus development 
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Fig. 6. The effect of MnSO4 on Streptococcus albus development 

MnSO4 has an effect of stimulating the growth of pathogen species Candida 
albicans (fig. 4). Higher concentrations of heavy metals tend to inhibit the growth of 
microorganism colonies. Microorganism colonies have the capacity to retain heavy metal 
through absorption, such as in the case of Bacillus sp. [10]. It has a progressive growth in 
the first 24 hours of incubation. 

As concerning the witness sample, there is a slight development during the first 
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days. Afterwards, the shock has been surpassed due to the manganese. Values recorded after 
192 hours are very close to those recorded by the witness sample (fig. 5). Streptococcus 
albus species records a progressive growth during the interval of 24 and 48 hours. 

Values are between 130 and 150 CFU bacteria/ 1μl. Highest values have been 
recorded at the 6th doses (the lowest concentration of MnSO4) after 192 hours of incubation, 
meaning a value of 367 CFU bacteria/ 1μL (fig. 6). 

The Bacillus sp., Pseudomonas sp. and Micrococcus sp are resistent to antibiotics 
(tetracycline, kananycin, chloramphenicol and ampicillin), meaning that these species are 
resistent to high concentrations of Cu, Cd and Pb [6]. 

Studies have shown the existence of a close relationship between the tolerance to 
heavy metals and the resistance to antibiotics of certain pathogen stem microorganisms [11, 
12]. This is the reason why pathogen bacterial species like Staphilococcus aureus and 
Streptococcus albus are continuously developing. 

Mn is not inhibiting the colony development. Therefore, these species are resistant 
and tolerant to the Mn action in the concentration that has been used. Bacterial species of 
Staphilococcus aureus and Streptococcus albus are resistant and tolerant to the Zn 
concentration. 

 

CONCLUSION 

 
As concerning the Candida albicans there is a higher concentration of ZnSO4, 

meaning a small number of colonies, consequently the effect has been to inhibit 
development. 

Bacterial species like Staphilococcus aureus and Streptococcus albus show that 
concentrations of ZnSO4 have a stimulating effect on development. 

In the case of Candida albicans yeast there is a slow growth going on during the 
first days, MnSO4 is stimulating the effect of developing this species.

Bacterial species like Staphilococcus aureus and Streptococcus albus are 
continuously developing, due to MnSO4, in conclusion we can say that it has a stimulating 
effect on developing the above mentioned species. 
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