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ABSTRACT 

The presences of heavy metals at concentrations that exceed their permissible limits are toxic to humans, 

animals and aquatic life. This study was aimed at determining the tolerance of Pseudomonas aeruginosa to 

concentrations of selected metals (Zn, Cu, Cr, Fe and Ni) and sodium chloride. To achieve this aim, the 

effects of metal concentration, pH, temperature and initial inoculum size on viable counts of the isolate in 

presence of the respective metals were investigated. The results revealed that in presence of Zn, Cu, Cr, Fe 

and Ni, no growth of the isolate was observed at concentrations above 100 mg/L while in the presence of 

the sodium chloride, remarkable growth was observed at the different concentrations investigated. At the 

different incubation temperatures studies, the highest counts of 5.8×102 cfu/mL and 5.5×102 cfu/mL were 

observed in the presence of sodium chloride and iron, respectively at 35oC. In the case of pH, highest counts 

of 1.7×103 cfu/mL, 1.6×103 cfu/mL, 1.5×103 cfu/mL, 1.3×103 cfu/mL and1.2×103 cfu/mL were observed 

at pH 6 in the presence of Cu, sodium choride, Zn, Cr, and Fe respectively. In the presence of Fe, highest 

microbial count of 1.2×103 cfu/mL was observed at pH 8. The study was able to reveal the effect of the test 

metals on growth of the test bacterial isolate. 
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INTRODUCTION 
A number of industrial wastewater streams may contain heavy metals, such as Cd, Sb, Cr, Cu, Pb, Zn, Co, 

Ni, etc. Because these metals are toxic, when present in either high or low concentrations, they must be 

effectively removed from the wastewater (Ozbek and Akman, 2012). The presence of heavy metals at 

concentrations higher that the permissible limits can lead to a variety of health and environmental impacts 

(Gakwisiri et al., 2012). 

Although heavy metals can be removed from water by conventional means, such removal is known to have 

some intrinsic drawbacks. These drawbacks include the requirement of skillful operators, multiple basin 

configurations, a large area of land, and a sludge dewatering facility. Recently, some modern processes 

have been advanced for the elimination of heavy metal from wastewater, which include precipitation, ion 

exchange, bio-sorption, and neutralization. Each of these processes has numerous merits and demerits 

(Ozbek and Akman, 2012). 

Despite the fact that some heavy metals are indicated to be useful, as trace elements, at high concentrations, 

they can be toxic to the life of microorganisms and other forms of life. Because heavy metals are 

progressively found in microbial environments due to natural and industrial processes, microorganisms 

have devised a variety of mechanisms (efflux, complexion, or reduction of metal ions) to tolerate their 

presence. In some cases, they can use such metals as terminal electron acceptors in anaerobic respiration 

(Spain, 2003). 

Since some heavy metals are vital for enzymatic functions and bacterial growth, there is the presence of 

uptake mechanisms that allow for the entrance of metal ions into the cell. In microorganisms, two types of 

uptake mechanisms are indicated. The mechanisms are the quick and unspecific one, which is driven by a 

chemo-osmotic gradient across the cell membrane (do not require ATP) while the other is slower and more 

substrate-specific (driven by energy from ATP hydrolysis). In order to survive in metal-stressed 

environments, it is reported that bacteria have evolved several types of mechanisms to tolerate the uptake 
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of heavy metal ions. These mechanisms include the efflux of metal ions outside the cell, the accumulation 

and complexion of metal ions inside the cell and the reduction of heavy metal ions to a less toxic state (Nies, 

1999; Nies and Silver, 1995). 

Microorganism such as bacteria, fungi and protozoa carry out important roles in biological elimination of 

nutrient, the association of bacteria and fungi plays a vital function in the cycling of nutrient in marine 

environments (Johannes 1965). As a result of the metal toxicity, most living cell systems utilized to date 

have been used for decontamination of sewage containing metals at concentrations below toxic levels. 

These may make use of a combination of microorganisms as well as higher plants. The aim of this study 

was to investigate the effect of some selected metals on the viable count of Pseudomonas aeruginosa. 

 

MATERIALS AND METHODS 

The test bacterium for this experiment was Pseudomonas aeruginosa. The isolate was part of the laboratory 

stock at the Department of Biological Sciences, Landmark University, Omu-Aran Nigeria. Prior to use, the 

bacteria was first streaked on nutrient agar plates to ascertain its purity. After ascertaining its purity, it was 

sub-cultured into the nutrient broth and incubated for 24 h at a temperature of 37oC. The broth culture was 

then centrifuged at 5000 rpm for 30 mins before suspending the cells in sterile normal saline (0.85 % NaCl, 

w/v). The suspended cells in normal saline were then stored in a refrigerator until when needed. 

The following metal salts were used for the study: copper (VI) sulphate pentahydrate (CuSO4.5H2O), 

chromium (III) chloride, ZnCl2, iron (II) chloride tetrahydrate (FeCl2.14H2O), nickel sulphate (NiSO4.H2O) 

and sodium chloride (NaCl). The salts were to serve as sources of copper, chromium, zinc, iron, nickel and 

sodium chloride, respectively. A stock solution of each metal salts was prepared by calculating the mass of 

each metal salts using the molecular weight of the metals and weighing the mass of each metal salts into 

500mL of deionized water. Prior to use, the stock solution of each metal was stored in 500 mL amber bottles 

and then sterilized in an autoclave at 121oC for 15min. 

In the present study, the effects of initial inoculum size, metal concentration, temperature and pH on metal 

tolerance by the test bacteria isolate were investigated. In determining the effect of initial inoculum on 

tolerance limit of the test isolate, a known metal concentration was added to a flask containing nutrient agar 

and sterilized in an autoclave at 121oC for 15 min. After sterilization, the respective flasks were allowed to 

cool before a predetermined inoculum size of the test bacterial isolate suspended in sterile normal saline 

(0.85 % NaCl w/v) was inoculated into each of the flasks under aseptic conditions. The inoculum was mixed 

uniformly with the molten agar by swirling gently, before dispensing into sterile petri dishes to solidify. 

After solidifying, the respective petri dishes were inverted and incubated at 37oC for 24 h. After 24 h, the 

growth of the isolate that was observed on the petri dishes were counted and recorded. In this study, the 

concentrations of the test bacterium isolate of the inoculum sizes used were 2.50×105 cfu/mL, 1.02×105 

cfu/mL, 8.30×104 cfu/mL, 6.25×104 cfu/mL and 5×104 cfu/mL.  

The metal concentrations used for this study were 100 mg/L, 200 mg/L, 300 mg/L, 400 mg/L, 500 mg/L, 

600 mg/L, 700 mg/L, 800 mg/L, 900 mg/L, 1000 mg/L for the different metals. In all the experiments for 

each metal and concentration, two controls (one containing inoculum but no metal and one containing metal 

but no inoculum) were set up together with the main experiment.  

A total of five different incubation temperatures that was used for this study were 25oC, 30oC, 35oC, 40oC 

and 45oC. In the investigation of the effect of the optimum pH on the growth of the isolates, the study was 

carried out using pH 4, 6, 8 and 10.  

All experimental procedures and analysis were carried out in duplicates for each of the metals. Generally, 

all the reagents used for the study were of analytical grades. 

 

RESULTS AND DISCUSSION 

Results 

As shown in Table 1, there were no observable growth of the test isolate at concentration of zinc, iron and 

chromium that were greater than 100 mg/L. In the presence of copper and nickel, none of the concentrations 

investigated supported the growth of the test isolate. In the presence of sodium chloride, growth was 
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observed at all the concentrations investigated. At 100 mg/L, viable counts for the Pseudomonas aeruginosa 

were observed to be 1.40×102 cfu/mL, 1.50×102 cfu/mL, 6.4×102 cfu/mL and 7.6×102 cfu/mL, in the 

presence of zinc, iron, chromium and sodium chloride, respectively (Table 1). 

 

Table 1: Effect of metal concentrations on growth of the Pseudomonas aeruginosa at pH 7 and 

incubation temperature of 37 oC 
Concentration Zn Cu Fe Ni Cr NaCl 

0 mg/L 1.7×102 

(±70.71) 

3.2×102 

(±113.14) 

2.2×102 

(±28.28) 

4.3×102 

(±35.36) 

3.2×102 

(±113.14) 

7.6×102 

(±56.57) 

100 mg/L 1.4×102 

(±56.57) 

0 1.5×102 

(±14.14) 

0 6.4×102 

(±226.27) 

7.6×102 

(±395.98) 

200 mg/L 0 0 0 0 0 1.0×103 

(±282.84) 

300 mg/L 0 0 0 0 0 6.0×102 

(±56.57) 

400 mg/L 0 0 0 0 0 1.4×103 

(±282.84) 

500 mg/L 0 0 0 0 0 6.8×102 

(±56.57) 

600 mg/L 0 0 0 0 0 7.6×102 

(±56.57) 

700 mg/L 0 0 0 0 0 7.6×102 

(±56.57) 

800 mg/L 0 0 0 0 0 7.6×102 

(±56.57) 

900 mg/L 0 0 0 0 0 1.2×103 

(±565.69) 

1000 mg/L 0 0 0 0 0 1.1×102 

(±169.71) 

All values are averages of duplicate analysis. Numbers in parenthesis represent ± standard deviation 

 

When investigating the effect of pH on growth of the Pseudomonas aeruginosa at metal concentration of 

150 mg/L, the results revealed no growth at the pH of 4 in presence of the respective metals used for 

investigation. Although no growth was observed in the presence of nickel at the different pH used for 

investigation, in the presence of chromium, iron and sodium chloride, growths were observed at pH 6, 8 

and 10. In the presence of zinc and copper, growths were only observed at pH 6 and 8. In all, a highest 

growth of 1.5×103 cfu/mL, 1.7×103 cfu/mL, 1.3×103 cfu/mL and 1.6×103 cfu/mL were observed at pH 6 in 

the presence of the zinc, copper, chromium and sodium chloride, respectively. In the presence of the iron, 

highest growth of 1.2×103 cfu/mL was observed at pH 8 (Table 2). 

 

Table 2: Effect of pH on growth of the Pseudomonas aeruginosa at metal concentration of 150 mg/L 

and incubation temperature of 37 oC 

pH Zn Cu Cr Ni NaCl Fe 

4 0 0 0 0 0 0 

6 1.5×103 

(±141.42) 

1.7×103 

(±141.42 

1.3×103 

(±141.42) 

0 1.6×103 

(±282.84) 

5.0×102 

(±353.55) 

8 1.1×103 

(±141.42) 

1.4×103 

(±212.13) 

8.5×102 

(±212.13) 

0 1.3×103 

(±424.26) 

1.2×103 

(±70.71) 

10 0 0 7.5×102 

(±212.13) 

0 8.0×102 

(±282.84) 

9.0×102 

(±141.42) 

All values are averages of duplicate analysis. Numbers in parenthesis represent ± standard deviation 
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As shown in Table 3, no growth of Pseudomonas aeruginosa was observed in the presence of the zinc, 

copper, chromium and nickel. In presence of the iron and sodium chloride, remarkable growths were 

observed at the different temperatures. The highest growths of 5.8×102cfu/mL and 5.5×102 cfu/mL were 

observed at incubation temperature of 35oC, in the presence of sodium chloride and iron, respectively. 

Growth was only observed in the presence of chromium at incubation of 40oC (Table 3). 

 

Table 3: Effect of incubation temperature on growth of the Pseudomonas aeruginosa at metal 

concentration of 150 mg/L and pH 7 

Temperature Zn Cu Cr Ni NaCl Fe 

25oC 0 0 0 0 2.8×102 

(±35.36) 

2.3×102 

(±35.36) 

30oC 0 0 0 0 3.8×102 

(±35.36) 

4.3×102 

(±35.36) 

35oC 0 0 0 0 5.8×102 

(±35.36) 

5.5×102 

(±70.71) 

40oC 0 0 2.8 x102 

(±35.36) 

0 4.8×102 

(±35.36) 

4.5×102 

(±70.71) 

45oC 0 0 0 0 3.8×102 

(±106.10) 

3.8×102 

(±35.36) 

All values are averages of duplicate analysis. Numbers in parenthesis represent ± standard deviation 

 

As shown in Table 4, no growth of the Pseudomonas aeruginosa was observed at the different initial 

inoculum sizes in the presence of copper and nickel. In the presence of the zinc, iron, sodium chloride and 

chromium, remarkable growth was observed at the different initial inoculum sizes. In the presence of the 

metals that showed growth, there was a steady increase in growth with decrease in initial inoculum size. At 

inoculum size of 5 x 104, the highest growth of 1.9×103 cfu/mL, 2.3×103 cfu/mL, 1.8×103 cfu/mL and 

1.9×103 cfu/ML, were observed in the presence of the zinc, iron, sodium chloride and chromium, 

respectively (Table 4).  

 

Table 4: Effect of initial inoculum size on growth of the Pseudomonas aeruginosa at metal 

concentration of 150 mg/L, pH 7 and incubation temperature of 37oC 

Inoculum size Zn Cu Fe NaCl Ni Cr 

2.50×105 

cfu/mL 

5.0×102 

(±141.42) 

0 3.6×102 

(±56.57) 

3.8 x 102 

(±28.28) 

0 3.0 x 102 

(±141.42) 

1.02×105 

cfu/mL 

9.0×102 

(±141.42) 

0 7.0×102 

(±141.42) 

5.6 x 102 

(±56.57) 

0 7.0 x 102 

(±141.42) 

8.30×104 

cfu/mL 

1.3×103 

(±141.42) 

0 1.3 x 103 

(±353.55) 

8.4 x 102 

(±56.57) 

0 1.1 x 103 

(±141.42) 

6.25×104 

cfu/mL 

1.7×103 

(±141.42) 

0 1.8 x 103 

(±353.55) 

1.3 x 103 

(±141.42) 

0 1.5 x 103 

(±141.42) 

5.00×104 

cfu/mL 

1.9×103 

(±141.42) 

0 2.3 x 103 

(±353.55) 

1.8 x 103 

(±282.84) 

0 1.9 x 103 

(±141.42) 

All values are averages of duplicate analysis. Numbers in parenthesis represent ± standard deviation 

 

Discussion  

In this study, the effect of zinc, iron and chromium concentration greater than 100 mg/L shows no 

observable growth of Pseudomonas aeruginosa, while at concentrations less than 200 mg/L viable counts 

for Pseudomonas aeruginosa were observed. In a study carried out by Nies (1999) and Li et al., (2004), it 

was reported that at high concentrations, heavy metals are known to exert inhibitory action on 

microorganism by blocking essential functional groups or modifying the active conformations of biological 
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molecules while at low concentrations, they provide vital co-factors for metalloproteins and enzymes, 

which are vital for microbial growth.  

From the results it was observed that at lower concentration (100mg/L) of chromium, the growth of 

Pseudomonas aeruginosa was not affected. This result point out the fact that Pseudomonas sp. possess an 

enzyme known as chromium reductase which reduced Cr(VI) to Cr(III) as reported by Kathiravan et al., 

(2010). It is evident from the result that the growth of Pseudomonas aeruginosa was decreased as Cr(VI) 

concentration was increased in the medium. Anyanwu and Ezaka (2011) observed the inhibition of growth 

of Pseudomonas aeruginosa, at chromium concentration of 200 μg/mL and higher. 

In the presence of copper and nickel, none of the concentrations investigated supported the growth of test 

isolate. Gopinath et al., (2011) indicates that growth of Pseudomonas aeruginosa was depleted severely at 

even lower concentration of copper and copper ions affect the transcription mechanism in cell which in turn 

affect the cell division and ultimately have effect on its activities. Many researchers have concluded that 

copper is more toxic than other metals. Seesuriyachan et al., (2007) also reported that Ni at 100 mg/L 

concentration had significant negative influence as it affect the cell viability and inhibiting the enzyme 

activity by denaturing enzyme therefore no growth was observed at 100 mg/L of nickel, thus growth was 

inhibited at higher concentrations of nickel. 

In the presence of zinc, iron, sodium chloride and chromium, remarkable growth was observed at the 

different initial inoculum sizes. In similar investigations, Pseudomonas aeruginosa was reported to 

accumulate significantly higher amounts of the respective metals at all tested initial concentrations, a trend 

that was irrespective of the initial biomass size (Al-Asheh and Duvnjak, 1995; Sampedro et al., 1995; Al 

Garni, 2005). In the presence of copper and nickel no growth of the Pseudomonas aeruginosa was observed 

at the different initial inoculum sizes. Heavy metals like copper and nickel have been reported as one of the 

most toxic pollutants (Cameron, 1992). These heavy metal pollution is of great concern, as these hazardous 

pollutants are accumulated in all living organisms and microorganisms (Ogbo and Okhuoya, 2011). They 

are also responsible for numerous metabolic and physiological disorders, which may lead to growth 

inhibition (Rani and Goel, 2009; Matyar et al., 2010). 

With respect to pH, the present study revealed an optimum of 6 in presence of the test isolates. pH is said 

to play a major role in nutrient removal by affecting different factors, which in turn affects growth and 

activity of the organisms involved. Studies carried out by earlier workers have shown that pH affect 

enzymes of interest, affinity for the substrate, substrate availability, effects of inhibitory compounds, and 

substrate or product production (Prosser, 1989; Antoniou et al., 1990; Groeneweg et al., 1994).It was 

revealed that in the presence of chromium, growths were observed at pH 6 and 8. Silva et al., (2009) 

revealed the chromium level sorbed by Pseudomonas aeruginosa was in pH range of 7-7.2. 

In the presence of zinc, chromium and iron, growths were observed at pH 6, 8 and 10. It was reported that 

zinc, chromium and iron tends to sorb more readily at a high pH (pH >7) than at a low pH. The pH of the 

wastewaters was acidic, ranging from 4.3 to 5.1. However, a pH near 7.0 (neutral) plays a part in 

determining both the qualitative and quantitative abundance of the isolate (Edward, 1990; Federov et al., 

1993). The results of the present study revealed that the number of Pseudomonas aeruginosa was affected 

by the introduced metal concentrations. The response of the bacteria was influenced by the level and type 

of heavy metal amendment. 

When water is polluted by heavy metal, it causes a pressure on sensitive microorganisms and so changes 

the diversity of soil microflora according to Zaguralskaya (1997). In the media amended with metal 

concentration of 100mg/L, no significant negative effects of the metals on the bacterial growth were 

observed when compared with the control without metal amendment. Thus, zinc and chromium at that 

concentration had no significant inhibitory effects on the growth responses of the bacteria. However, such 

inhibitory effect was significant at higher metal concentrations. The microbial load decreased with increase 

in the concentration of heavy metal indicating toxic effect of the heavy metals on the growth of 

microorganisms. 

In the present study, sharp decreases in growth were observed at increased metal concentrations. This was 

irrespective of the metal used for investigation. The no growth or lower values of microbial load at higher 

http://scialert.net/fulltext/?doi=bj.2012.12.21&org=10#42446_an
http://scialert.net/fulltext/?doi=bj.2012.12.21&org=10#25653_bc
http://scialert.net/fulltext/?doi=bj.2012.12.21&org=10#769949_ja
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metal concentrations could indicate that the bacterial growth was affected due to the presence of heavy 

metal in the growth medium. This observation was in agreement with a report by Kikovic (1997).  

Conclusion 

This study, which was aimed at investigating the effect of heavy metals on viable counts of Pseudomonas 

aeruginosa was able to reveal the following: 

 The effect of zinc, iron, chromium and sodium chloride on Pseudomonas aeruginosa at the 

concentrations of 100 mg/L did not inhibit the growth of the test isolate while there was an inhibition of 

growth of the isolate at concentrations above 100 mg/L. Also, copper and nickel at concentrations of 100 

mg/L and above inhibited the growth of the test isolate whereas, sodium chloride has no effect in inhibiting 

the growth of the test isolate at concentrations at 100 mg/L and above. 

 With respect to pH, no observable growth of the test isolate was seen at the pH of 4 for the respective 

metals used for investigation. Although growth was inhibited in the presence of nickel at the different pH 

used for investigation, in the presence of chromium, iron and sodium chloride growth of the test isolate 

were observed at pH of 6, 8 and 10. Whereas growth of the test isolate were only observed at pH 6 and 8 

in the presence of zinc and copper. In all, a highest growth of the test isolate was observed at pH 6 in the 

presence of zinc, copper, chromium and sodium chloride, and at pH 8 in the presence of iron respectively.  

 The test isolate showed no remarkable growth in the presence of zinc, copper, chromium and nickel at 

different temperatures (25oC, 30oC, 35oC, 40oC and 45oC). At different temperatures the presence of nickel 

and sodium chloride shows remarkable growth of the test isolate. Also, the highest growths of the test 

isolate were observed at incubation temperature of 35oC in the presence of sodium chloride, iron and growth 

was only observed in the presence of chromium at the incubation of 40oC. 

 The study revealed that copper and nickel inhibited the growth of the test isolate at the different initial 

inoculum sizes whereas growth of the test isolate was not inhibited at the different initial inoculum sizes in 

the presence of zinc, iron, sodium chloride and chromium, respectively. Also it was observed that at the 

inoculum size of 5x104cfu/mL, the highest growth of test isolate was observed in the presence of zinc, iron, 

sodium chloride, and chromium. 

Despite the fact that the present study cannot be considered to be exhaustive, it has still provided valuable 

information on the tolerance limits of the isolate to the selected metal concentrations under the experimental 

conditions investigated.  

 

REFERENCES 

Al-Asheh S and Duvnjak Z (1995). Adsorption of copper and chromium by Aspergillus carbonarius. 

Biotechnology Progress 11 638-642. 

Al-Garni SM (2005). Biosorption of lead by gram negative capsulated and non-capsulated bacteria. Water 

Science Technology 31(3) 345-349. 

Antoniou P, Hamilton J, koopman B, Jali R, Holloway B, Lybertos G and Svoronos SA (1990). Effect 

of temperature and pH on the effective maximum specific growth rate of nitrifying bacteria. Water Research 

24(1) 97 – 101. 

Anyanwu CU and Ezaka E (2011). Growth response of chromium (VI) tolerant bacteria to different 

concentrations of chromium. International Journal of Basic and Applied Science 11(5) 60-66. 

Cameron RE (1992). Guide to site and soil description for hazardous waste site characterization, Volume 

1: Metals. Environmental Protection Agency, EPA/600/4-91/029. 

Federov AY, Volchenko EV, Korzhenevich VI, Singirtsev IN and Krest’yaninov VY (1993). A 

polysubstrate strain that degrades wastewater components of phenol production. Journal of Applied 

Biochemistry Microbiology 29 532-536. 

Gakwisiri C, Raut N, Al-Saadi A, Al-Aisri S and Al-Ajimi A (2012). Critical review of removal of zinc 

from wastewater. Proceedings of the World Congress on Engineering 1. 

Gopinath KP, Kathiravan MN, Srinivasan R and Sankaranarayanan S (2011). Evaluation and 

elimination of inhibitory effects of salts and heavy metal ions on biodegradation of Congo red by 

Pseudomonas sp. mutant. Bioresource Technology 102(4) 3687-3693. 



CIBTech Journal of Microbiology ISSN: 2319-3867 (Online) 

An Online International Journal Available at http://www.cibtech.org/cjm.htm  

2015 Vol. 4 (3) July-September, pp.27-33/Akpor et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  33 

 

Groeneweg J, Sellner B and Tappe W (1994). Ammonia Oxidation in Nitrosomonas at NH3 

concentrations near Km effect of pH and temperature. Water Research Technology 28(12) 2561-2566. 

Johannes RE (1965). Influence of marine protozoa on nutrient regeneration. Limnology Oceanography 10 

434-442. 

Kathiravan MN, Karthiga R, Karthick R and Muthukumar K (2010). Mass transfer studies on the 

reduction of Cr (VI) using calcium alginate immobilized Bacillus sp. Bioresource Technology 101(3) 853-

858. 

Kikovic DD (1997). Influence of heavy metals emitted by thermoelectrical power plants and chemical 

industry on Kosovo soils microflora. Review of Research Work at the Faculty of Agriculture, Belgrade 42 

61-75. 

Li QS, Wu G, Liu X, Liao X , Deng D, Sun Y, Hu and Huang Y (2004). Simultaneous biosorption of 

cadmium (II) and lead (II) ions by pretreated biomass of Phanerochaete chrysosporium. Separation and 

Purification Technology 34 135-142. 

Matyar F, Akkan T, Uҫak Y and Eraslan B (2010). Aeromonas and Pseudomonas; antibiotic and heavy 

metal resistance. Environmental Monitoring and Assessment 167 309–320. 

Nies DH (1999). Microbial heavy-metal resistance. Applied Microbiology Biotechnology 51 730-750. 

Nies DH and Silver S (1995). Ion efflux systems involved in bacterial metal resistances. Journal of 

Industrial Microbiology 14 186-199. 

Ogbo EM and Okhuoya JA (2011). Bio-absorption of some heavy metals by pleurotus tuber-regium Fr. 

Singer (an edible mushroom) from crude oil polluted soils amended with fertilizers and cellulosic wastes. 

International Journal. Soil Science 6 34-48. 

Ozbek N and Akman S (2012). Method development for the determination of fluorine in water samples 

via the molecular absorption of strontium monofluoride formed in an electrothermal atomizer. 

Spectrochemical Acta Part B 69 32-37. 

Prosser JI (1989). Autotrophic Nitrification in Bacteria. In: Advances in Microbial Physiology, 30th edition, 

edited by Rose AH and Tempest DW (Academic Press Inc) New York 125-181. 

Rani A and Goel R (2009). Strategies for crop improvement in contaminated soils using metal-tolerant 

bioinoculants (Chapter 5). In: Microbial Strategies for Crop Improvement (Springer Berlin Heidelberg). 

Sampedro MA, Blanco A, Liama MJ and Serra JL (1995). Sorption of heavy metals to Phormidium 

laminosum biomass. Biotechnology Applied Biochemistry 22 355-366.  

Seesuriyachan P, Takenaka S, Kuntiya A, Klayraung S, Murakami S and Aoki K (2007). Metabolism 

of azo dyes by Lactobacillus casei TISTR 1500 and effects of various factors on decolorization. Water 

Research 41 985-992. 

Silva RMP, Rodríguez AÁ, De Oca JM and Moreno DC (2009). Biosorption of chromium, copper, 

manganese and zinc by Pseudomonas aeruginosa AT18 isolated from a site contaminated with petroleum. 

Bioresources Technology 100(4) 1533-15. 

Spain A (2003). Implications of microbial heavy metal tolerance in the environment. Reviews in 

Undergraduate Research 2 1-6. 

Zaguralskaya LM (1997). Microbiological monitoring of forest ecosystems in the northern taiga subzone 

in conditions of anthropogenic impact. Lesovedenie 5 3–12. 


