
* Corresponding author: John Milton .D 
Department of Microbiology, Annamalai University, Annamalai Nagar 
 

 

 

 
 
 
 

ISSN: 0976-3031 
RESEARCH ARTICLE 

 

REMOVAL OF HEAVY METALS USING BACTERIA ISOLATED FROM LIGNITE MINING 
ENVIRONMENT 

 

John Milton, D and Reetha, D 
 

Department of Microbiology, Annamalai University, Annamalai Nagar  
 

ARTICLE INFO                                                ABSTRACT 
 
In industrialized areas, high concentrations of heavy metals have been often found in 
effluent, soils and wastes, establishing a serious ecological risk. Microorganisms are the 
first biota that undergoes direct and indirect impacts of heavy metals. The present study was 
conducted to isolate the heavy metal resistant bacteria from metal rich soil from lignite 
mining site to assess its capacity to remove heavy metals. Five different bacterial strains 
were isolated and designated as HMB1, HMB2, HMB3, HMB4 and HMB5 and they were 
tested against different concentrations of heavy metals viz., Hg, Cr and Ni. Three different 
methods such as living cells, dead cells and immobilization techniques were used for 
assessment of capacity of all the five strains to remove metals from the solution containing 
100 mg/L. The results of the present study indicated that the maximum heavy metal 
removal was found to be high in immobilization technique followed by dead cells and 
living cells. Among the five strains, the HMB2 was high efficient than the others strains in 
all the methods. Based on the morphological and biochemical characterization the strains 
were identified. The bacterial strain HMB1 was belonged to Bacillus sp., the strain HMB2 
was belonged to Bacillus subtilis, the strains HMB3 and HMB4 were belonged to 
Pseudomonas sp. and the strain HMB5 was belonged to Serratia sp. This indicated that the 
potential use of these bacterial isolates for removal of heavy metals from wastewater and 
industrial effluents containing higher concentration of heavy metals. 
 
 
 

INTRODUCTION 
 

Agricultural soils in many parts of the world are from slightly to 
moderately contaminated by heavy metal toxicity such as Cd, Cu, 
Zn, Ni, Co, Hg, Cr, Pb and As. This could be due to long term use 
of phosphatic fertilizers, sewage sludge application, dust from 
smelters, industrial waste and bad watering practices in 
agricultural lands (Bell et al., 2001; Schwartz et al., 2001; 
Passariello et al., 2002). Three kinds of heavy metals are of 
concern including toxic heavy metals such as Hg, Cr, Pb, Zn, Cu, 
Ni, Cd, As, Co, Sn, etc., Precious metals such as Pd, Pt, Ag, Au, 
Ru etc and Radionuclides such as U, Th, Ra, Am, etc (Wang and 
Chen, 2006). Small amounts of heavy metals can be necessary for 
health, but too much may cause acute or chronic toxicity 
(poisoning). Many of the heavy metals released in the mining and 
burning of coal are environmentally and biologically toxic 
elements, such as lead, mercury, nickel, tin, cadmium, antimony, 
chromium and arsenic, as well as radio isotopes of thorium and 
strontium (Jeff Goodell, 2006). 
 

Heavy metal pollution by industrial activities and technological 
development is posing significant threats to the environment and 
public health because of its toxicity, non-biodegradability and bio-
accumulation (Bahadir et al., 2007; Perez-Maren et al., 2008; 
Reddad et al., 2003). Application of biological processes for 
decontaminating the contaminated/polluted sites is a challenging 
task because heavy metals cannot be degraded and hence persist 
in the soil (Kidd et al., 2009; Lebeau et al., 2008; Rajkumar et al., 

2010; Ma et al., 2011a). Conventional techniques commonly 
applied to remove heavy metals from waste water and 
contaminated soil includes chemical (precipitation, neutralization) 
or physical (ion exchange, membrane separation, electro dialysis 
and activated carbon adsorption) methods (Atkinson, 1998). 
Moreover, these processes may be non–viable at low 
concentrations. Further, these processes are expensive and not 
ecofriendly (Gadd and Griffith, 1978; Volesky, 1987). 
Bioremediation is a technique that uses living organisms in order 
to degrade or transform contaminants into their less toxic forms 
(Vidali, 2001).Microorganisms exposed to the higher 
concentration of toxic heavy metals may develop resistance 
against the elevated levels of these metals (Habi and Daba, 2009). 
The present study deals with the isolation and characterization of 
heavy metal-tolerant bacterial strains isolated from soil of lignite 
mining site of Neyveli, TamilNadu and the ability of the isolated 
native microbial strains towards removal of Hg, Cr and Ni using 
living, dead and immobilized bacterial cells were evaluated and 
compared.  
 

MATERIALS AND METHODS 
 

Isolation of heavy metal tolerant bacterial strains 
 

Basal media Nutrient Agar (NA) incorporated with 50 µg/ml salts 
of heavy metals (Hg, Cr and Ni) were prepared separately and 
used for selective isolation of heavy metal resistant bacteria. The 
soil sample collected from lignite mine was serially diluted and 
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directly transferred on Nutrient medium from 10-6 dilution and 
incubated at 37˚C for 24 hrs. After the incubation period the plates 
were observed for growth on the media (Virender Singh et al., 
2010). The isolated and distinct colonies on these selective media 
were sub-cultured repeatedly on the same media for purification. 
The isolated bacterial cultures were directly streaked on different 
concentration of heavy metals (20, 40, 60, 80, 100,120 mg/L of 
HgCl2; 50, 100, 150, 200, 250,300 mg/L of K2Cr2O7 and 50, 100, 
150, 200, 250,300 mg/L of NiCl2) incorporated Nutrient Agar 
medium and incubated at 37˚C for 48 hrs for the study of 
maximum heavy metal tolerance level of the isolates.  
 

Bioremediation of heavy metals by the bacterial isolates 
 

The stock solutions of the heavy metals were prepared by mixing 
1g of respective heavy metal viz. HgCl2, K2Cr2O7 and NiCl2 in one 
litre of deionized water (Semra IIhan et al., 2004). 
 

Heavy metal adsorption by living microbial cells 
(Bioaccumulation) (Vargas et al., 2009) 
 

About 1% living microbial biomass (Bacterial isolates) were 
suspended individually in a solution (100 ml) supplemented with 
heavy metals and incubated for 48 hrs. After incubation, cells 
were harvested by centrifugation. The supernatants of the samples 
were analysed and the quantity of each metal removed was 
measured using AAS and expressed as mg/lit. 
 

 Heavy metal adsorption by dead microbial cells (Biosorption) 
(Vargas et al., 2009) 
  

Biomass (bacterial isolates) from the isolates grown in respective 
broth were harvested by centrifugation and washed with distilled 
water three times. The pellet was dried and milled. Aliquots of 
dried microbial cells (200 mg/L) were prepared in distilled water 
and homogenized in a mixer to destroy aggregated cells. About 
1ml of cell suspensions were added to the metal solution (100 ml) 
prepared and incubated. After incubation, the suspensions were 
centrifuged and filtered for biomass removal. Heavy metal 
concentration in the supernatant was measured as previously 
described. 
 

Heavy metal adsorption by immobilized microbial cells (Johncy 
Rani et al., 2010b) 
 

The microbial cells (bacterial isolates) were immobilized as beads 
according to the procedure of Leung et al. (2000). The beads (1g) 
containing >105 cfu/ml biomass were added to the conical flask 
containing 100 ml of metal solution and incubated for 48 hrs. 
After which the samples were withdrawn for heavy metal analysis 
using AAS.    Among three methods, immobilization showed best 
results.  
 

Identification of the isolates 
 

The strains isolated and used in this present study was identified 
by morphological and biochemical characterization as per the 
method suggested by Gerhardt et al. (1994). 
 

RESULTS AND DISCUSSION 
 

Isolation of heavy metal tolerant bacterial isolates from lignite 
mine soil 
 

Five strains were isolated and designated as (Heavy Metal 
Bacteria) HMB1, HMB2, HMB3, HMB4 and HMB5. The growth 
response of these strains against different concentrations of heavy 
metals (Hg, Cr and Ni) was tested and the results are presented in 
Table - 1. The strains HMB1, HMB2, HMB3 and HMB4 were 

able to grow at 100 mg/L of Mercury. Whereas, the strain HMB5 
was able to grow upto 60 mg/L. Likewise, the  strains HMB2, 
HMB3 and HMB4 were able to grow in chromium upto 250 
mg/L. Whereas, the strain HMB1 was able to grow upto 200 
mg/L and HMB5 was upto 100 mg/L of chromium. In nickel, the 
strains HMB1, HMB2, HMB3 and HMB4 were able to grow upto 
250 mg/L, but HMB5 was upto 150 mg/L of nickel only.  
 

Heavy metal removal by the bacterial isolates 
 

Bioremediation (Bioaccumulation, Biosorption and 
Immobilization) of heavy metals was studied by using live 
cultures, dead cells and immobilized cells. The results revealed 
that all the types of cells were found to remove heavy metals. The 
results of the three methods are presented in Table - 2. 
 

Heavy metal adsorption by living bacterial cells 
(Bioaccumulation) 
 

The bioaccumulation (using living bacterial culture) studies 
revealed higher amount of heavy metal adsorption was by the 
strain HMB2 and the values are 43.1 mg/L for Hg, 55.8 mg/L for 
Cr and 56.2 mg/L for Ni, followed by HMB3, HMB4 and HMB1. 
Whereas, the strain HMB5 showed the lowest activity of heavy 
metal adsorption (38.2 mg/L for Hg, 49.0 mg/L for Cr and 52.4 
mg/L for Ni ). Pan et al. (2009) observed similar results using 
Pseudomonas sp. and Bacillus sp. as bioremediation agent, as 
well as Ting and Choong (2009) in their comparison between the 
ability of a Trichoderma isolate to bioaccumulate and bioabsorb. 
The three strains of Pseudomonas isolated from heavy metal 
contaminated soil accumulated 29, 25 and 26 mg g-1 dry weight of 
cells, respectively at the zinc concentration of 1.6 mM (Munees 
Ahemad and Abdul Malik, 2011).  Ahmad et al. (2005) reported 
that Gram negative bacteria showed higher bioaccumulation 
capacity to heavy metals than the Gram positive counter parts due 
to their higher level of intrinsic metal resistance. This difference 
was based on the chemical composition of their cell wall. Noghabi 
et al. (2007) reported that the high capability of heavy metals 
bioaccumulation by Gram negative bacteria.  
 

Heavy metal adsorption by dead bacterial cells (Biosorption) 
 

In biosorption studies (using dead bacterial cells)  the isolate 
HMB2 showed the maximum heavy metal adsorption (56.3 mg/L 
for Hg, 66.1 mg/L for Cr and 67.1 mg/L for Ni) followed by 
HMB3, HMB4 and HMB1. The isolate HMB5 showed the 
minimum adsorption of the heavy metals (50.3 mg/L for Hg, 59.2 
mg/L for Cr and 60.2 mg/L for Ni). As observed in the present 
study, Hussein et al. (2004) reported that the maximum adsorption 
of heavy metals reached upto 88% by Pseudomonas sp.  Several 
of the reports revealed that Pseudomonas sp. was a suitable 
biosorbent to remove heavy metals like Cu, Cd and Pb from 
aqueous solution (Zaied et al., 2008). In the present study, dead 
cells were found efficient than living cells whereas, several 
authors have described this higher efficiency was by living 
microbial cells. Zucconi et al. (2003) found that living cells of 
Azospirillum sp., showed a higher capacity than dead cells. Al- 
Garni   et al. (2009) reported a decrease between 15.2 mg/L, 44.6 
mg/L for living and dead cells of Bacillus sp., 18.9 mg/L, 59.8 
mg/L for living and dead cells of Azotobacter sp. This difference 
in living and dead cells might be probably as a consequence of the 
method used to prepare the dead biomass, which affects the 
efficiency of the heavy metal biosorbing capacity of the 
organisms (Bishnoi and Garima, 2005). 
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Heavy metal adsorption by Immobilized bacterial cells 
 

In immobilization studies, the strain HMB2 showed maximum 
heavy metal adsorption (74.5 mg/L for Hg, 78.2 mg/L for Cr and 
79.0 mg/L for Ni) followed by HMB3, HMB4 and 
HMB1,whereas HMB5 showed least in heavy metal adsorption 
(63.0 mg/L for Hg, 67.0 mg/L for Cr and 69.1 mg/L for Ni). It 
was reported that the immobilized bacterial cells have greater 
adsorption capacity than that of dead or living cells because the 
bacterial cells consists of small particles with low density, poor 
mechanical strength and little rigidity in their cell surface (Leusch 
et al., 2005). These results are also supported by other authors 
(Costa and Leite, 2000; Sudha and Abraham, 2003; Wei Bin et 
al., 2006; Vijayaraghavan and Yeoung Sang, 2007). The 
immobilized biomass offers many advantages including better 
reusability, high biomass loading and minimal clogging in 
continuous flow systems (Holan and Volesky, 1998). Also, 
immobilized beads are hard enough to withstand the application, 
pressures, water retention capacity, porous, transparent to metal 
ion sorbate species and have high and fast sorption uptake even 
after repeated regeneration cycles. In addition because of 
immobilization, the biosorbents will have better shelf life and 
offer easy and convenient usage compared to free biomass, which 
is easily biodegradable (Volesky and May Phillips, 2000). 
 

Identification of the bacterial isolates 
 

The strains used in the present study were identified based on 
morphological and biochemical characteristics. According to the 
morphological and biochemical characteristics, the strain HMB1 
was belong to Bacillus genera, HMB2 was Bacillus subtilis,  two 
strains were belongs to Pseudomonas (HMB3 & HMB4), 
whereas the strain HMB5 was belongs to Serratia sp. 
 

CONCLUSION 
 

Heavy metal tolerant bacteria isolated from lignite mining 
environment have proven to be efficient as detoxification agents 
in multi-polluted heavy metals aqueous solutions, especially 
Bacillus subtilis (HMB2) and strains of Pseudomonas (HMB3, 
HMB4). In all the cases, immobilized cells showed higher activity 
than living and nonliving cells. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Although, further studies are needed, these results are very 
promising as a starting point for a potential application of these 
microorganisms in bioremediation of industrial effluent, sewage 
sludge and industrial wastes. 
 

References 
 

Ahmad, I., S. Hayat, A. Ahmad, A. Inam and Samiullah. 2005. 
Effect of heavy metal on survival of certain groups of 
indigenous soil microbial population. Journal of Applied 
Science and Environmental Management, 9(1): 115- 121.  

Al- Garni, K.M. Ghanem and Bahobail. 2009. Biosorption 
characteristics of Aspergillus fumigatus in removal of 
cadmium from an aqueous solution. African Journal of 
Biotechnology. 8: 4163-4172. 

Atkinson, B.W., F. Bux and H.C. Kasan. 1998. Consideration for 
application of biosorption technology to remediate metal-
contaminated industrial effluent. Wat. Saf., 24: 129-35 

Bahadir, T., Bakan, G., Altas, L., Buykgungar, H., 2007. The 
investigation of lead removal by biosorption. An application 
at storage battery industry wastewaters. Enzyme Microbiol. 
Technol. 41, 98–102. 

Bell, F.G., Bullock, S.E.T., Halbich, T.F.J., Lindsay, P. 2001. 
Environmental impacts associated with an abandoned mine 
in the Witbank Coalfield, South Africa. International Journal 
of Coal Geology 45, 195–216. 

Bishnoi, N.R and A. Garima. 2005. Fungus- An alternative for 
bioremediation of heavy metal containing waste water. 
Journal of Scientific and Industrial Research. 64: 93-100. 

Costa, A. C. A., E.S. Cossich and S.G.F. Leite. 2000.  Metals 
Biosorption by sodium alginate immobilized Chlorella 
homosphaera. Biotechnol. Lett., 13: 55- 56. 

Gadd, G.M. and A.J. Griffiths. 1978. Microorganisms and heavy 
metal toxicity. Microb. Ecol., 4:303-317. 

Habi, S and H.Daba, 2009. Plasmid incidence, antibiotic and 
metal resistance among enterobacteriacea isolated from 
Algerian streams. Pak. J. Biol., 12: 1474-1482. 

Holan, Z.R and Volesky. B. 1998. Biosorption of heavy metals. 
Biotechnol., 11: 235- 250. 

Hussein, H., S.F. Ibrahim, K. Kandeel and H. Moawa. 2004. 
Biosorption of heavy metals from waste water using 
Pseudomonas sp. Electronic J. Biotechnol., 7(1): 12-18. 

Table 1 Maximum heavy metal tolerance level of the bacterial isolates 
Isolates Heavy metals (mg/L) 

HgCl2 K2Cr2O7 NiCl2 
20 40 60 80 100 120 50 100 150 200 250 300 50 100 150 200 250 300 

HMB1 + + + + + - + + + + - - + + + + + - 
HMB2 + + + + + - + + + + + - + + + + + - 
HMB3 + + + + + - + + + + + - + + + + + - 
HMB4 + + + + + - + + + + + - + + + + + - 
HMB5 + + + - - - + + - - - - + + + - - - 

 
Table 2 Heavy metal removal by bacterial isolates in different methods 

 

S.No Isolates 

Heavy metals (Hg, Cr, Ni) initial concentration: 100 mg/L 
Living cells Dead cells Immobilized cells 

Hg 
adsorbe
d (mg/L) 

Cr 
adsorbed 
(mg/L) 

Ni 
adsorbed 

(mg/L) 

Hg 
adsorbe
d (mg/L) 

Cr 
adsorbe
d (mg/L) 

Ni 
adsorbed 
(mg/L) 

Hg 
adsorbe
d (mg/L) 

Cr 
adsorbe
d (mg/L) 

Ni 
adsorbed 
(mg/L) 

1. HMB1 41.2 52.2 53.0 52.5 62.1 62.5 68.2 72.1 72.8 
2. HMB2 43.1 55.8 56.2 56.3 66.1 67.1 74.5 78.2 79.0 
3. HMB3 42.8 55.2 56.0 56.0 65.4 66.2 74.1 77.6 78.2 
4. HMB4 42.6 54.8 55.6 55.8 64.9 65.7 73.6 76.8 77.0 
5. HMB5 38.2 49.0 52.4 50.3 59.2 60.2 63.0 67.0 69.1 

 



International Journal of Recent Scientific Research, Vol.3, Issue, 12, pp. 1079 - 1082, December, 2012 

1082 
 

Jeff Goodell, Big Coal: The Dirty Secret Behind America's 
Energy Future. New York, N.Y.: Houghton-Mifflin, 2006 

Johncy Rani M., P.M. Pons and S. Sumathi. 2010b. Uranium 
uptake by immobilized cells of Pseudomonas sp. strains EPS 
5028, Bacillus sp. and Micrococcus sp. Appl. Microbiol. 
Biotechnol., 39: 661- 665.  

Kidd P, Barcelo J, Bernal MP, Navari-Izzo F, Poschenrieder C, 
Shilev S, et al. Trace element behavior at the root–soil 
interface: implications in phytoremediation. Environ Exp Bot 
2009;67: 243 – 259. 

Lebeau T, Braud A, Jézéquel K. Performance of 
bioaugmentation-assisted phytoextraction applied to metal 
contaminated soils: a review. Environ Pollut 2008; 153:497–
522. 

Leung, W.C., M.F. Wong and C.K. Leung. 2000. Removal and 
recovery of heavy metals by bacteria isolated from activated 
sludge treating industrial effluents and municipal waste 
water. Water Sci. Technol., 12: 233-240. 

Leusch, A., Z.R. Holan and B.J. Volesky. 2005. Biosorption of 
heavy metals in water supplies production of oil industry. J. 
Chem. Technol. Biotechnol., 62: 279-288. 

Ma Y, Prasad MNV, Rajkumar M, Freitas H. Plant growth 
promoting rhizobacteria and endophytes accelerate 
phytoremediation of metalliferous soils. Biotechnol Adv 
2011a;29:248–58. 

Munees Ahemad and Abdul Malik, 2011. Bioaccumalation of 
heavy metals by Zinc resistant bacteria isolated from 
agricultural soils irrigated with waste water. J., Bacteriology, 
7 (3): 115 – 119. 

Noghabi, K.A., H.S, Zahiri and S.C Yoon. 2007. The production 
of a cold- induced extracellular biopolymer by Pseudomonas 
fluorescens under various growth conditions and its role in 
heavy metals absorption. Process. Biochem., 42(5): 847-855. 

Pan, R., L. Cao and R. Zhang. 2009. Combined effects of Cu, Pb, 
Cd and Zn on the growth and uptake of consortium of Cu- 
resistant Pseudomonas sp., and Bacillus sp., Journal of 
Hazardous Materials. 171: 761- 766. 

Passariello, B., Giuliano, V., Quaresima, S., Barbaro, M., Caroli, 
S., Forte, G.,Garelli, G., Iavicoli, I., 2002. Evaluation of the 
environmental contamination at an abandoned mining site. 
Microchemical Journal 73, 245–250. 

Pérez-Marin, A.B., Ballester, A., González, F., Blázquez, M.L., 
Muñoz, J.A., Sáez, J., Meseguer Zapata, V., 2008. Study of 
cadmium, zinc and lead biosorption by orange wastes using 
the subsequent addition method. Bioresour. Technol. 99, 
8101–8106. 

Rajkumar M, Ae N, Prasad MNV, Freitas H. Potential of 
siderophore-producing bacteria for improving heavy metal 
phytoextraction. Trends Biotechnol 2010;28:142–9. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Reddad, Z., Gérente, C., Andrès, Y., Thibault, J.F., Le Cloirec, P., 
2003. Cadmium and lead adsorption by a natural 
polysaccharide in MF membrane reactor: experimental 
analysis and modelling. Water Res. 37, 3983–3991. 

Schwartz, C., Gerard, E., Perronnet, K., Morel, J.L., 2001. 
Measurement of in situ phytoextraction of zinc by 
spontaneous metallophytes growing on a former smelter site. 
Science of the Total Environment 279, 215–221. 

Semra Ihan, Macit Nurbas Nour Baksh, Serpil Kilicarslan and 
Hurseyin Ozdaj. 2004. Removal of Chromium, Lead and 
Copper ions from industrial waste waters by Staphylococcus 
saprophyticus. Turkish Electronic Journal of Biotechnology. 
2: 50-57. 

Sudha, B.R., and E. Abraham. 2003. Studies on Cr(VI) 
adsorption- desorption using immobilized fungal biomass. 
Bioresour. Technol., 87: 17- 26. 

Ting, A.S. Y and C.C Choong. 2009. Biosorbents for heavy 
metals removal and their future. Biotechnology Advances. 
27: 195-226. 

Vargas, E., B. Volesky, I. Kiran and T. Akar. 2009. Biosorption of 
heavy metals in water supplies production of oil industry. J. 
Chem. Technol. Biotechnol., 62: 279- 288. 

Vidali M. Bioremediation. 2001. An overview. Pure Appl Chem; 
73:1163–72. 

Vijayaraghavan, K and Y, Yeoung- Sang. 2007. Chemical 
modification and Immobilization of Corynebacterium 
glutamicum for biosorption of reactive black 5 from aqueous 
solution. Ind. Eng. Chem., Res., 46: 608- 617. 

Virender Singh., P.K Chauhan, Rohini Kanta and Vinod Kumar. 
2010. Isolation and characterization of Pseudomonas 
resistant to heavy metal contaminants. International Journal 
of Pharmaceutical Sciences Review and Research. 3(2): 164-
167.. 

Volesky, B. 1987. Biosorption for metal recovery. Biotechnol., 
96-101. 

Volesky, M and May- Phillips, S. 2000. Immobilization of heavy 
metals from contaminated sediments using microbial Bacillus 
sp. Journal of Environmental quality. 167(7): 269- 280. 

Wang, J.L. and C. Chen, 2006. Biosorption of heavy metals by 
Saccharomyces cerevisiae: a review. Biotechnology 
Advances, 24 (5): 427 -51. 

Wei- Bin, L., S. Jun- Ji, W. Ching- Hsiung and C. Jo- Shu. 2006. 
Biosorption of lead, copper and cadmium by an indigenous 
isolate of Enterobacter sp. possessing high heavy metal 
resistance. J. Hazard Mater., 134: 80-86. 

Zaied, K.A., H.N. Abd EI- Mageed, E.A. Fayzalla, A.E. Sharief 
and A.A. Zehry. 2008. Enhancement biosorption of heavy 
metals from factory effluents via Recombinants induced in 
yeast and bacteria. Austr. J. Basic Appl. Sci., 2(3):  701-717. 

Zucconi, L., C. Ripa, F. Alianiello and Onofri. 2003. Lead 
resistance, sorption and accumulation in a Paelomyces strain. 
Biology and Fertility of Soils. 37: 17-22  

 

******* 


