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Abstract

Fungi, including Aspergillus flavus, Aspergillus niger, Fusarium solani, and Penicillium chrysogenum,
resistant to heavy metals like Cr and Pb were isolated after screening soil samples from peri-urban agricultur-
al areas. The objective of soil sample screening was to investigate the status of heavy metals and to identify
the heavy metal-tolerant fungi. The results revealed that the majority of the isolates were resistant to Pb and
Cr, and only few of them were able to grow. Among the isolated fungal strains, Aspergillus niger was the most
tolerant against Pb, with MIC of 600 mg/l, and Aspergillus flavus against Cr, with MIC of 400 mg/l, which
makes them attractive potential candidates as bioremediation agents.
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Introduction

Heavy metal pollution is a serious environmental prob-
lem of global concern. Heavy metals are continuously
released into the environment due to industrial and techno-
logical developments, and contamination of agricultural soil
with heavy metals is a major problem at industrial and
defense-related sites all over the world [1]. In developing
countries industrial or municipal wastewater is mostly used
for the irrigation of crops, mainly in peri urban ecosystems,
due to its easy availability, disposal problems, and scarcity
of fresh water [2]. In most parts of Pakistan, untreated city
effluent is utilized for growing vegetables around large
urban settlements. Farmers use it as a source of irrigation
water and plant nutrients. However, its continuous use may
have serious environmental implications, since it also con-
tains heavy metals. Use of untreated city effluent for irriga-
tion without risk assessment and management could be a
serious hazard, impacting soil and crop quality and, ulti-
mately, human health.

*e-mail: rubania_khan@yahoo.com

The industrial effluents are generated from hundreds of
small and large manufacturing and plating industries such
as metallurgical, electroplating, metal finishing, tanneries,
chemical manufacturing, mine drainage, and battery manu-
facturing, and contain considerable amounts of heavy met-
als at elevated concentrations [3]. Long-term applications
of such wastewater may result in the accumulation of heavy
metals in soil and exert a selection pressure on soil micro-
biota and could pose a public health risk.

In naturally polluted environments the concentration
and the availability of metals and the action of different fac-
tors such as the type of metal, the nature of medium, and
microbial species govern the response of microbes to heavy
metals toxicity [4]. Fungi and yeast biomasses are known to
tolerate heavy metals [5, 6]. They can adapt and grow under
various extreme conditions of pH, temperature, nutrient
availability, and high metal concentrations; therefore, they
are considered a versatile group [7].

Metal resistance is defined as the ability of an organism
to survive metal toxicity by means of a mechanism pro-
duced in direct response to metal species concerned.
Heavy metals are indicated to be harmful pollutants in soils
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negatively affecting the species composition and function of
the indigenous microorganisms, including fungi. Heavy
metals can exert harmful effects in many ways, depending
on environmental factors and metal species. Metals can var-
iously influence soil fungi by changing fungal morphology
and physiological activity, and affect the growth rate, repro-
duction process, enzyme production, etc. [8].

Fungi are known to tolerate and detoxify metals by sev-
eral mechanisms, including valence transformation, extra
and intracellular precipitation, and active uptake [9, 10].
Various biological mechanisms involved in fungal survival
include extracellular precipitation, complexation and crys-
tallization, transformation of metals, biosorption to cell wall
and pigments, decreased transport or impermeability, efflux,
intracellular compartmentation, and sequestration [10, 11].

Currently, scientists are exploring the bioremediation
techniques by exploiting microbial and associated biota
within the ecosystem, to degrade, accumulate and/or
remove the pollutants [12], and strains isolated from con-
taminated sites have this excellent ability. EI-Morsy [13]
studied 32 fungal species isolated from polluted water in
Egypt for their resistance to metals and found that
Cunninghamela echinulata biomass could be employed as
a biosorbent of metal ions in wastewater. Vadkertiova and
Slavikova [14] have studied metal tolerance of yeasts iso-
lated from polluted environments and found that there was
an interspecific and intraspecific variation in the metal tol-
erance among tested strains. In the same way, Zafar et al.
[15] reported promising biosorption for Cd and Cr by two
filamentous fungi, Aspergillus sp. and Rhizopus sp., iso-
lated from metal-contaminated agricultural soil.

Considering the above mechanisms of metal resistance in
fungi, it was expected that screening of metal-tolerant fungi
might provide strains with improved metal accumulation
[16]. Only limited studies have been conducted in our coun-
try to systematically screen filamentous fungi from metal-
polluted sites for their diversity and metal tolerance.

The present work reports the characterization of metal-
resistant micro-organisms isolated from polluted environ-
ments and selection of more resistant strains. The reason for
the selection of the fungi from contaminated fields is that
the organisms that inhabit a certain environment usually
adapt the conditions by developing survival mechanisms,
and in future these fungi could be used as a bioremediation
tool.

Materials and Methods
Study Area and Samples Collection

The main purpose of the present study was to see the
tolerance of isolated strains of fungi (4Aspergillus flavus,
Aspergillus niger, Fusarium solani, and Penicillium
chrysogenum) toward heavy metals. For present investiga-
tion soil samples were collected from peri-urban agricultur-
al areas along the Hudiara drain, Lahore (Fig. 1) during
2008. The water of agricultural lands along the Hudiara
drain, Lahore, was contaminated by sewage and industrial
effluents and contained heavy metals and toxic chemicals.
During 2008 fungi were isolated and preserved for further
detailed investigation of heavy metal tolerance.
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Fig. 1. Map showing the sites of soil samples along the Hudiara drain, Lahore.
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Sterilization of Apparatus

Petri plates, media bottles, distilled water, McCartney
bottles and syringes were sterilized in autoclave. For steril-
ization purpose all apparati were autoclaved for 40 minutes
at 121°C. After autoclaving all sterilized material were
dried at 95°C.

Media Preparation

Potato dextrose agar (PDA) media was used for fungal
cultures revival. Potatoes (200 g) were peeled, sliced, and
boiled, and then sieved through a clean muslin cloth to get
a broth to which agar (7.5 g) and dextrose sugar (7.5 g) was
added. The media was then autoclaved for 30 minutes at
121°C [17].

Preparation of Plates

The media was poured in Petri-dishes and allowed to
solidify for 24 hours. To suppress bacterial growth, 30 mg/1
of streptomycin was added. Once the agar was solidified we
then put plates in an inverted position for 24 hours at room
temperature [18, 19].

Isolation and Identification of Fungal Isolates

Potato dextrose agar (PDA) media (1 liter) was used for
the isolation of fungi [17]. The soil samples were processed
with isolation procedure using the soil dilution plate
method [18]. After incubation distinct colonies were count-
ed and identified. The cultures were identified on the basis
of macroscopic (colonial morphology, color, texture, shape,
diameter and appearance of colony) and microscopic char-
acteristics (septation in mycelium, presence of specific
reproductive structures, shape and structure of conidia and
presence of sterile mycelium). Pure cultures of fungi iso-
lates were identified with the help of literature [20, 21].

Metal Tolerance Test for Fungi

Fungal strains, including Aspergillus niger, Aspergillus
flavus, Fusarium solani, and Penicillium chrysogenum,
were tested for their tolerance against different concentra-
tions of heavy metals Cr(NO;); and Pb(NO;),. Potato dex-
trose agar media was used for heavy metal resistance exper-
iment. The different concentrations (0, 200, 400, 600, 800,
and 1000 mg/l) of heavy metals Cr(NO;); and Pb (NO;),
were used for the selection of fungi. Incubation was con-
ducted at 29°C for one week [3]. The growth was monitored
by measuring the culture from the point of inoculation or
centre of the colony. Tolerance fungi were studied by the
determination of tolerance index and minimum inhibitory
concentration (MIC) [22].

Heavy Metals Analysis of Soil

Each soil sample (1 g) was taken in the conical flask (50
ml), added 10ml of HNO,:HCIO, (1:2) solution (50 ml),

and heated for half an hour. Solutions were filtered through
Whatman 1 filter paper and volume was made to 50ml by
adding distilled water. Soil samples were digested in tripli-
cates and analyzed for Zn, Cd, Cr, Cu, Ni, and Pb. The
blank was prepared for quality assurance of samples. The
blank sample contained 10 ml of HNO,:HCIO, (1:2) solu-
tion and heated for half an hour, and volume was made 50
ml by adding distilled water. For the determination of heavy
metals the atomic absorption spectrophotometer was pow-
ered on and warmed up for 30 minutes. After the heating of
cathode lamp, the air acetylene flame was ignited and the
instrument was calibrated or standardized with different
working standards [23].

Statistical Analysis

The experiments were set up with three replicates.
Analysis of variance was performed by using statistical
software (SPSS 17) to compare resistance to metal among
individual isolates.

Results and Discussion

Long-time exposure of soil fungi to heavy metals can
lead to physiological adaptation or considerable modifica-
tion of their microbial populations, reducing their activity
and their number, and such changes may be associated with
increased metal sorption capacity [24]. In the present study,
various filamentous fungi were isolated from peri urban
agriculture field soil, where heavy metals and other pollu-
tants have been emitted in industrial effluents and sewage
water for several years. The heavy metals content of soil
samples is listed in Table 1.

Long-time reception of industrial effluents is the main
reason for the high heavy metal content in the soil.
Different species of fungi were isolated and identified from
the collected 26 soil samples. Table 2 shows the diversity of
fungi in the soil samples of Hudiara drain Lahore.

Fungi isolated belonged to the genera Aspergillus,
Penicillium, and Fusarium. Species of the genus
Aspergillus were the most abundant in all the sites. The
occurrence of these genera in heavy metal-polluted soil
has been reported in different parts of the world [10].

Table 1. Concentration of Heavy Metals in Soil (mg/kg).

Heavy Concentration

Metals Mean S.D Min-Max | Median
Pb 68.4 +16.2 51.3-106.1 63.9
Cd 2.6 +0.9 1.1-4.0 2.5
Cr 90.6 +39.8 44.9-135.8 90.2
Cu 94.5 +21 67.1-127.9 922
Ni 55.8 +13.3 42.2-82 52.8
Zn 108.0 +42.8 51.4-169.6 104.7
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Table 2. Diversity of Fungi in the soil samples of Hudiara Drain
Lahore.

Table 3. Tolerance index of isolated micro-organisms able to
grow on PDA with 1000 mg/l of metal.

Fungi Sample Code

*S1, S2, S3, S4, S5,S6, S17, S18,
S19, S20, S21, S23, S24

S7, S8, 89, S10, S11, S12, S13, S14,

Aspergillus flavus

Aspergillus niger

S15, S16
Penicillium chrysogenum S22
Fusarium solani S25, S26

*S for Sample

The differences between the sampled sites regarding their
richness on microbial isolates appear to be closely linked to
the degree of heavy metal pollution. Generally, pollution of
soil by heavy metals may lead to a decrease in microbial
diversity due to the extinction of species sensitive to the
stress imposed. Sometimes enhanced growth of some
species take place, which means the presence of resistant
species like Aspergillus isolates, which also was observed
in the presence of chromium and lead (Table 3). Similarly,
Levinskaite [25] studied the response of soil fungi to
chromium and found the metal resistant and sensitive to
isolates.

The table shows that Aspergillus flavus and Aspergillus
niger isolates were most tolerant to metal concentrations of
chromium, but different strains of Aspergillus flavus were
sensitive to lead. On the other hand, different isolates of
Aspergillus niger were tolerant against lead. Similar results
were reported by Ezzouhri et al. [26] about different iso-
lates of Aspergillus niger having a high tolerance index for
lead and chromium.

As far as Fusarium isolates were concerned, they were
moderately resistant to the presence of metal ions in the
growth medium, except the one (S25) that was quite sensi-
tive to concentrations of lead. Sanyal et al. [27] reported that
lead ions are not toxic to the fungus Fusarium oxysporium,
which readily grows after exposure to metal ions. Similarly,
Penicillium chrysogenum was found resistant to chromium
but sensitive to lead. This means the level of resistance dif-
fered among different isolates. Similar results were reported
by Baldrian and Gabriel [28], who found that various strains
of fungi, originating from metal-contaminated sites did not
have the same level of tolerance. The most probable reason
for the difference in resistance levels could be the variation
in the mechanism of resistance [26, 29]. Statistical analysis
showed the diversity in heavy metal tolerance of different
isolates (Figs. 2 and 3). Similar results were reported by
other researchers [15, 22, 26]. The resistance against indi-
vidual metals was much more dependent on the isolate than
on the sites of its isolation [30]. Mo et al. [31] also found
comparable tolerance rates for isolates originating from
metal-contaminated and uncontaminated sites regardless of
the concentration of the contaminant in the medium.

Major differences in Cr and Pb tolerance have been
found among different isolates. The variation in the metal
tolerance may be due to the presence of different types of
tolerance processes or resistance mechanisms exhibited by

Metallic Cations
Isolates
Cr Pb
Aspergillus flavus (S1) 091 0.18
Aspergillus flavus (S2) 0.76 0.16
Aspergillus flavus (S3) 1 0.25
Aspergillus flavus (S4) 1.3 0.21
Aspergillus flavus (S5) 1 0.35
Aspergillus flavus (S6) 0.76 0.17
Aspergillus niger (S7) 0.84 0.55
Aspergillus niger (S8) 0.89 0.67
Aspergillus niger (S9) 1.2 0.8
Aspergillus niger (S10) 0.93 0.25
Aspergillus niger (S11) 0.75 0.7
Aspergillus niger (S12) 1.5 0.8
Aspergillus niger (S13) 0.78 0.68
Aspergillus niger (S14) 1 0.7
Aspergillus niger (S15) 0.68 0.8
Aspergillus niger (S16) 1 0.82
Aspergillus flavus (S17) 0.6 0.17
Aspergillus flavus (S18) 0.7 0.35
Aspergillus flavus (S19) 0.7 0.25
Aspergillus flavus (S20) 0.6 0.31
Aspergillus flavus (S21) 0.8 0.33
Penicillium chrysogenum (S22) 0.8 0
Aspergillus flavus (S23) 0.7 0.3
Aspergillus flavus (S24) 0.63 0.73
Fusarium solani (S25) 0.6 0.35
Fusarium solani (S26) 0.5 0.51

different isolates. The detoxification of chromium by
Aspergillus niger may be mediated by an enzymatic antiox-
idant system such as peroxidase, catalase, and ascorbate
peroxide [32]. From this preliminary test, heavy metal-
resistant filamentous fungi were selected and the minimal
inhibitory concentration (MIC) to Cr and Pb was deter-
mined.

The MICs of the Cr and Pb against the studied fungal
isolates are shown in Fig. 4. In the presence of heavy metal
relative to the control, the growth rate of the fungi exhibited
a lag, retarded, similar, and enhanced rates of growth. The
growth pattern appears to suggest tolerance development or
adaptation of the fungi to the presence of heavy metals [33].
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Fig. 3. Lead tolerance index among isolates.

At lower metal ions concentrations, the tested fungal isolates
were very resistant and exhibited strong growth. Higher
metal ion concentrations caused a reduction in growth and
increased the length of the lag phase compared to the con-
trol. A reduction in the growth rate is a typical response of
fungi to toxicants [10], whereas the lengthening of the lag
phase is not always present. The same increment and reduc-
tion in growth was observed during study on filamentous
fungi, which belonged to the genera Aspergillus, and were
more resistant to Cr at higher metal concentrations, and sud-
denly the growth pattern changed [34].

Chromium is released during industrial processes such
as leather tanning and pigment manufacture [35, 36].
Among all isolates studied, the most tolerant isolate
belonged to the genus Aspergillus, with a MIC of 200 to
400 mg/I. Similar results were reported by Price et al., [37],
who showed that Aspergillus was better to grow or tolerate
heavy metals as compared to other fungi. Penicillium and
Fusarium isolates were less tolerant to chromium (up to 100
mg/l). Bader [38] found that Monilia sp. and Penicillium sp.
showed high resistance to Cr (up to 520 mg/l). The growth
rate of fungi tested was reduced. A similar result was report-

ed in the study of Levinskaite [25], where growth and coni-
diogenesis of T viride and P. chrysogenum were slowed
down at 600 mg/I Cr in the medium.

Lead ions appeared more toxic in comparison with the
chromium. Different isolates of genera Aspergillus flavus,
Penicillium, and Fusarium showed less MIC. Atuanya and
Oseghe [39] found that higher concentrations of lead were

700
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300

MICs (mg/l)

200
100

Aspergillus flavus

0

Penicillium
chrysogenum

Aspergillus niger Fusarium solani

1 Cr (NO3);9H,0 = Pb (NOy),

Fig. 4. Minimal inhibitory concentrations (MICs) of fungal iso-
lates.
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toxic for bacteria and fungi. Isolates of Aspergillus niger
showed a difference in their tolerance to metals; however,
the growth of Aspergillus niger isolates on agar media con-
taining a high lead concentration was higher as compared to
other isolates. This is probably due to a period of adaptation
where cells of the Aspergillus niger isolate synthesized
some enzymes essential for the uptake of lead [40].

The results obtained affirmed that the response of the
isolates to heavy metals depend on the metal tested, its con-
centration in the medium, and on the isolate considered.
The results of the present study were comparable with those
reported by [15, 16, 41-46]. The toxicity may be presented
differently, depending on the isolate and its site of isolation.
Some isolates were tolerant, while others reacted negative-
ly even at low metal ion concentrations. This could be
explained by the heterogeneity of pollution in the location
from which the tested isolates originated. However,
although some authors found that micro-organisms isolated
from contaminated sites were more tolerant than those from
natural environments [43], some studies did not confirm
this [31, 47, 48]. They reported very little differences in
metal tolerance between strains from polluted and unpol-
luted sites. The resistance of isolates appeared could be cor-
related with the sites of their isolation. Heavy metal analy-
sis of the soil showed higher concentration levels of
chromium and lead present in the soil and the Cr and Pb
resistant species as calculated by MIC were abundantly pre-
sent in the soil. Various genera and also isolates of the same
genus did not necessarily have the same heavy metal toler-
ance. The variation in the metal tolerance may be due to the
presence of one or more strategies of tolerance or resistance
mechanisms exhibited by fungi. It must also be taken into
account that the contamination at the polluted sites is usu-
ally caused by a combination of metals and that the selec-
tion is probably driven either by the most toxic element or
by more different metals acting synergistically [28]. Gadd
and Sayer [49] reported that the microbiota isolated from
co-contaminated environments could exhibit resistance to
more than one ion and, consequently, co-tolerance may be
a common natural response.

Findings of the present study indicate that fungal popu-
lations isolated from heavy metal-contaminated sites have
the ability to resist higher concentrations of metals. The tol-
erance and the resistance of the isolates depended much
more on the fungus tested than on the sites of its isolation.
This variation may be explained by the development of tol-
erance or adaptation of the fungi to heavy metals.
Aspergillus isolates were the most resistant to the metals
tested, which may make them promising candidates for fur-
ther investigations regarding their ability to remove metals
form contaminated environments.

Conclusion

In this study, chromium- and lead-resistant fungi were
isolated from contaminated environments with high metal
content. The results showed that the fungal population iso-

lated from heavy metal-contaminated sites has the ability to
resist higher concentrations of metals. The tolerance and
resistance of the isolates depended much more on the fun-
gus tested than on the site of its isolation. This variation
may be explained by the development of tolerance and
adaptation of the fungi to heavy metals. Among different
fungal isolates, Aspergillus niger was the most resistant to
all the metals tested, which make them promising candi-
dates for further investigations regarding their ability to
remove metals from a contaminated environment and they
can be used as bioremediation agents.

References

1. AMINI M., YOUNESI H., BAHRAMIFAR N., AKBAR
A., LORESTANI Z., GHORBANI F., DANESHI A.,
SHARIFZADEH M. Application of response surface
methodology for optimization of lead biosorption in an
aqueous solution by Aspergillus niger. Hazardous Materials
154, 694, 2008.

2. ARORA A, KIRAN B., RANI S., RANI A., KAUR B,,
MITTAL N. Heavy metal accumulation in vegetables irri-
gated with water from different sources. Food Chem. 111,
811, 2008.

3.  MALIK A., JAISWAL R. Metal resistance in Pseudomonas
strains isolated from soil treated with industrial wastewater.
World J. Microb. Biot. 16, 177, 2000.

4. HERRERA-ESTRELLA L.R., GUEVARA-GARCIA A A,
LOPEZ-BUCIO J. Heavy metal adaptation. Nature.
Encyclopedia of Live Science, pp. 1-6, 2001.

5. GAVRILESCA M. Removal of heavy metals from the envi-
ronment by biosorption. Eng. Life Sci. 4, (3), 219, 2004.

6. BALDRIAN P. Interactions of heavy metals with white-rot
fungi. Enzyme Microb. Tech. 32, 78, 2003.

7. ANAND P, ISAR J., SARAN S., SAXENA R.K.
Bioaccumulation of copper by Trichoderma viride.
Bioresource Technol. 97, 1018, 2006.

8. LEVINSKAITE L. Effect of heavy metals on the individual
development of two fungi from the genus Penicillium.
Biologija. 1, 25, 2001.

9. MALA J.G.S., NAIR B.U, PUVANAKRISHNAN R.
Accumulation and biosorption of chromium by Aspergillus
niger MTCC 2594. J. Gen. Appl. Microbiol. 52, 179, 2006.

10. TURNAU K., ORLOWSKA E., RYSZKA P, ZUBEK §.,
ANIELSKA T., GAWRONSKI S., JURKIEWICZ A. Role
of mycorrhizal fungi in phytoremediation and toxicity mon-
itoring of heavy metal rich industrial wastes in southern
Poland. Soil Water Pollut. Monit. Prot. Remed. 3, (23), 533,
2006.

11. ISLAM M.SS. SAHA AK. MOSADDEQUE H.Q.M.,
AMIN M.R., ISLAM M.M. In Vitro studies on the reaction
of fungi Trichoderma to different herbicides used in tea plan-
tation. Int. J. Sustain. Crop Prod. 3, (5), 27, 2008.

12. KHAN, A.G., KHOO C.S. Role of plants, mycorrhizae and
phytochelators in heavy metal contaminated land remedia-
tion. Chemosynthesis 41, 197, 2000.

13.  EI-MORSY E.M. Cunninghamella echinulata a new biosor-
bent of metal ions from polluted water in Egypt. Mycologia
96, (6), 1183, 2004.

14. VADKERTIOVA R., SLAVIKOVA E. Metal tolerance of
yeasts isolated from water, soil and plant environments. J.
Basic Microbiol. 46, 145, 2006.



Heavy Metal Tolerance of Fungus...

697

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

ZAFAR S., AQIL F., AHMAD 1. Metal tolerance and
biosorption potential of filamentous fungi isolated from
metal contaminated agriculture soil. Bioresource Technol.
98, 2557, 2007.

BAI R.S.,, ABRAHAM T.E. Studies on chromium (VI)
adsorption desorption using immobilized fungal biomass.
Bioresource Technol. 87, 17, 2003.

IRAM S., AHMAD I., NASIR K., AKHTAR S. Study of
fungi from the contaminated soils of peri-urban agricultural
areas. Pak. J. Bot. 43, (4), 2225, 2011.

WAKSMAN S.A. A method of counting the number of
fungi in soil. J. Bacteriol. 7, (3), 339, 1922.

SUHAIL M., IRUM F, JATT T., KOREJO F., ABRO H.
Aspergillus mycoflora isolated from soil of Kotri barrage
Sindh, Pakistan. Pak. J. Bot. 39, (3), 981, 2007.

DOMSCH K.H., GAMS W, ANDERSON T.H.
Compendium of soil fungi. Academic Press: London,
England, 1980.

BARNETT H.L., HUNTER B.B. Illustrated genra of imper-
fect fungi, Fourth edition; Prentice Hall Inc. 1999.

IRAM S., AHMAD I, JAVED B., YAQOOB S., AKHTAR
K., KAZMI M.R., BADAR-UZ-ZAMAN. Fungal tolerance
to heavy metals. Pak. J. Bot. 41, (5), 2583, 2009.

HUA L., WU W,, LIU Y., TIENTCHEN CM., CHEN Y.
Heavy metals and PAHs in sewage sludge from twelve
wastewater treatment plants in Zhejiang province. Biomed.
Environ. Sci. 21, 345, 2008.

ASHRAF R., ALI T.A. Effect of heavy metals on soil micro-
bial community and Mung beans seed germination. Pak. J.
Bot. 39, (2), 629, 2007.

LEVINSKAITE L. Response of soil fungi to chromium(VI).
Ekologija. 1, 10, 2002.

EZZOUHRI L., CASTRO E., MOYA M., ESPINOLA F,,
LAIRINI K. Heavy metal tolerance of filamentous fungi
isolated from polluted sites in Tangier, Morocco. African
Journal of Microbiology Research 3, (2), 035, 2009.
SANYAL A., RAUTARAY D., BANSAL V., AHMAD A,,
SASTRY M. Heavy metal remediation by a fungus as a
mean of lead and cadmium carbonate crystals. Langmuir.
21, 7220, 2005.

BALDRIAN P, GABRIEL J. Intraspecific variability in
growth response to cadmium of the wood-rotting fungus
Piptoporus betulinus. Mycologia. 94, 428, 2002.

SANI R.K., PEYTON B.M., JANDHYALA M. Toxicity of
lead in aqueous medium to Desulfovibrio desulfuricans
G20. Environ. Toxicol. Chem. 22, (2), 252, 2003.
SRINATH, T., VERMA T., RAMTEKE P, GARG K.
Chromium biosorption and bioaccumulation by chromate
resistant bacteria. Chemosphere 48, 427, 2002.

MO M.H., CHEN WM., ZHANG K.Q. Heavy metal toler-
ance of nematode-trapping fungi in Lead-polluted soils.
Appl. Soil Ecol. 31, 11, 2006.

SRIVASTAVA S., THAKUR LS. Biosorption potency of
Aspergillus niger for removal of chromium(VI). Curr.
Microbiol. 53, 232, 2006.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

PRASENIJIT B., SUMATHI S. Uptake of chromium by
Aspergillus foetidus, J. Mater. Cycles Waste Manage. 7, 88,
2005.

VALIX M.E., USAIL, MALIK R. Fungal bio-leaching of low
grade laterite ores. Minerals Eng. 14, (2), 197, 2000.

BAI S., ABRAHAM T.E. Biosorption of chromium (VI)
from aqueous solution by Rhizopus nigricans. Bioresource
Technol., 79, 73, 2001.

CONGEEVARAM S., DHANARANTI S., PARK J., DEX-
ILIN M., THAMARAISELVI K. Biosorption of chromium
and nickel by heavy metal resistant fungal and bacterial iso-
lates. J. Hazard. Mater. 146, 270, 2007.

PRICE M., CLASSEN J., PAYNE G. Aspergillus niger
absorbs copper and zinc from swine wastewater.
Bioresource Technol. 77, (1), 41, 2001.

BADER A. Study of wastewater treatment by filamentous
fungi can sequester heavy metals. State Thesis, Meknes,
Morocco, 1999.

ATUANYA E., OSEGHE E. Lead Contamination and
Microbial Lead Tolerance in Soils at Major Road Junctions
in Benin City J. Appl. Sci. Environ. Mgt. 10, (2), 99, 2006.
FARYAL R., SULTAN A., TAHIR F., AHMED S,
HAMEED A. Biosorption of lead by indigenous fungal
strains. Pak. J. Bot. 39, (2), 615, 2007.

BADAR U., AHMED N., BESWICK A.J., PATTANAPIP-
ITPAISAL P, MACASKI L.E. Reduction of chromate by
microorganisms isolated from metal contaminated sites of
Karachi. Pakisten. Biotechnol. Lett. 22, 829, 2000.
VERMA T., SRINATH T., GADPAYLE R.U., RAMTEKE
P.W.,HANS R K., GARG S .K. Chromate tolerant bacteria iso-
lated from tannery effluent. Bioresource Technol. 78, 31, 2001.
MALIK A. Metal bioremediation through growing cells.
Environ. Int. 30, 261, 2004.

ZOUBOULIS A.lL, LOUKIDOU M.X., MATIS K.A.
Biosorption of toxics metals from aqueous solutions by bac-
teria strains isolated from metal-polluted soils. Process
Biochem. 39, 909, 2004.

YOSHIDA N., IKEDA R., OKUNO T. Identification and
characterization of heavy metal resistant unicellular algae
isolated from soil and its potential for phytoremediation.
Bioresource Technol. 97, 1843, 2006.

BENKA C.M.O. Studies on the Effects of Crude Oil and the
Microbial Populations at the Kokori Flare Site, Bendel State,
Nigeria. Ph.D.Thesis, University of Benin, Benin City, pp
83, 1991.

MO M., CHEN W.,, YANG H., ZHANG K. Diversity and
metal tolerance of nematode trapping fungi in Pb polluted
soils. J. Microbiol. 46, (1), 16, 2008.

RUDAWSKA M., LESKI T. Aluminium tolerance of differ-
ent Paxillus involutus Fr. strains originating from polluted and
nonpolluted sites. Acta Soc. Bot. Poloniae. 67, 115, 1998.
GADD G.M., SAYER G.M. Fungal transformation of met-
als and metalloids. In: LOVELY D.R. (Ed.) Environmental
Microbe-Metal Interactions. American Soc. Microbiol.
(ASM) Press: Washington, D.C., pp. 237-256, 2000.






