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Twenty six fungal strains were isolated from heavy metals contaminated soil of which A. flavus (F4) and R. pusillus (F6) 
were the most dominant.  Growth of isolates were noticed by Pb, Cr and Cd concentration in the growth medium in one- step 
and two- step process, thus about seven isolates can grow upto 10mg (Pb,Cr, Cd)/100ml medium. The formulation of 
Sabouraud dextrose broth (SDB) medium fortified the isolates by ingredients and favored the best growth yields that have 
the highest biosorption, compared to Chashi medium (CM) and Yeast peptone glucose (YPG) medium. Thus, 99% of Pb and 
Cr were absorbed in biosorption medium containing 10mg Pb and Cr in 100ml medium while 77% of Cd was absorbed in 
the biosorption medium containing 10mg Cd in 100ml medium. Uptake capacity of resistant fungal isolates against heavy 
metals was checked in different medium. With respect to Pb, Cd and Cr maximum uptake of 39.58, 68.02 and 68.87mg.g-1 
was observed by fungi Rhizomucor pusillus (F6) and Aspergillus flavus (F4). This indicated the potential of these identified 
fungi as biosorbent for removal of high concentration metals from soil and industrial effluents and also it was observed that 
efficiency of two-step process is better than the one-step process. 
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Introduction 
Heavy metals such as iron (Fe), manganese 

(Mn), mercury (Hg), lead (Pb), zinc (Zn), 
cadmium (Cd), uranium (U), chromium (Cr) and 
several others are corner stone of human 
progress; they are quite literally the pillars of all 
the major civilizations, past and present because 
they are used widely as part of materials 
construction, agriculture, transportation, and in 
processing of many industrial materials and 
commercial products1. Mobilization of heavy 
metals in the environment due to industrial 
activities is a serious concern due to the toxicity 
of these metals in humans and other life forms. 
These metals enter into human beings and 
animals through food chain and cause many 
metabolic disorders2,3. Unlike organic chemicals, 
metals persist in environment indefinitely 
posing threats to all the organisms which are 
exposed to them. Chemical and metallurgical 
manufacturing are the main sources of metal 
ions in the environment4. Heavy metals present 
in contaminated soil may pose a threat to human 
health if these metals enter into the food chain. 

By applying biotechnological tools like 

biosorption in managing and removal of metal 
ions pollution has been paid much consideration 
and gradually became important technique for 
the last few decade5.  Using microorganisms as 
biosorbents for heavy metals is an attractive 
alternative to existing methods such as chemical 
precipitation, chemical oxidation or reduction, 
electrochemical treatment, filtration, ion 
exchange and membrane technologies for 
toxicity reduction and recovery of valuable 
metals from industrial effluents, because of 
good performance and low cost of biosorbent 
material6. These processes may be ineffective or 
expensive, especially when dissolved heavy 
metals concentration in the solution ranged from 
1-100 mgL-1.7 Bioremediation of heavy metals 
involving microorganisms could be brought 
about by employing methods such as bio-
accumulation, biosorption, bio-precipitation and 
uptake by purified biopolymers from microbial 
cells8, 9. Therefore, it is desirable to remove 
heavy metals from wastewater and soil through 
environment friendly low cost technology 
before its use in agriculture or discharge into 
water bodies10, 11. Heavy metal resistant 
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microbes might be present in heavy metal 
contaminated sites. The resistance and 
efficiency of microbes for removal of heavy 
metals vary greatly. 

Therefore, there is need to isolate and screen 
heavy metal tolerant fungi from heavy metals 
contaminated sites. The Weifang red star 
chemical industry, Weifang, China is Smelting 
Industry mainly produces and sells lead-acid 
batteries and accessories. During the lead-acid 
battery production and assembly, activities such 
as transport of raw materials, the leaking of the 
production process, stacking behavior may 
cause the site soil lead contamination, mainly 
source are lead contaminated wastewater, lead 
dust and lead scrap ointment.  Therefore, this 
study is an attempt to isolate heavy metal (Pb, 
Cr and Cd) tolerant fungi from this industrial 
effluent contaminated site and screening of their 
efficiency to remove heavy metals from liquid 
media is evaluated under laboratory conditions.  

Materials and Methods 

The contaminated soil used in this work was 
collected from the top soil (0−20 cm) of the sites 
under a slag heap at the Smelting Industry, 
which was built in 1954 and located in Weifang 
city, Shandong Province, China. These samples 
were brought to laboratory and kept in 
refrigerator at 4°Cfor further processing. 

A stock Cadmium, Lead and Chromium ion 
solution (1000 mgL-1) was prepared by 
dissolving cadmium chloride, lead nitrate and 
potassium dichromate (Fisher Scientific Ltd) in 
deionized distilled water, shaking for 15 min at 
100 rpm and then left to stand for 24 h to obtain 
complete dissolution. Stock solution was diluted 
with deionized distilled water to obtain the 
necessary concentrations 12.  The metal 
concentration was determined with atomic 
absorption spectrophotometer (AAS) (M6 AAS).   
Fungal strains were isolated from soil samples 
by serial dilution method using Sabourad 
dextrose agar (SDA) containing Pb, Cd and Cr 
100mgL-1 individually. A serial dilution of each 
sample was made up to 106 and 1ml of each 104 
and 106 dilution were added in sterilized petri 
plates in duplicate. 20 mL SDA medium 
containing (100mgL-1) Pb, Cd and Cr of one of 
these heavy metals was poured in the petri plates 
and incubated at 28°C for 96 h. The colonies of 

predominant genera of fungi were picked up and 
purified by streak plate method. 
All the fungal isolates were further screened by 
streaking on SDA medium containing 50 and 
100 mg of each of the three heavy metals 
separately. Streaking of fungal isolates on 
normal SDA medium reserved as control 
(normal growth) for comparison of growth of 
fungal isolates on SDA medium containing 
different concentration of heavy metals. 
Observations on growth of fungal isolates were 
made after 96 h of incubation.  

Comparison between one and two-step process 
in bioaccumulation 

Three types of medium containing Yeast 
peptone glucose (YPG), Chashi medium (CM) 
and Sabouraud dextrose broth (SDB) were used 
to check growth of resistant fungi and uptake of 
heavy metals. 
Each 250mL flask containing 50mL of YPG 
medium (1% Yeast Extract, 2% Peptone and 2% 
Glucose) with 100mgL-1 heavy metals from 
stock solutions of Pb(NO3)2, CdCl2 and K2Cr2O7 
salts individually. Medium was autoclaved at 
121°C for 15 min. After autoclave 1mL of spore 
suspension (about 108 mL−1) were inoculated in 
medium and then flasks were placed in 
incubator shaker (IS-RDS3C) at 25°C for 7 days 
at 150rpm. Room temperature was selected for 
growth of fungi because temperature is very 
important factor in biosorption.13 
Similarly each 250mL flask containing 50mL of 
CM (30 g sucrose, 1 g K2HPO4, 3 g NaNO3, 0.5 
g MgSO4,  0.5 g KCl, 0.01 g FeSO4 and 1 L H2O) 
with 100mgL-1 heavy metals from stock 
solutions of Pb(NO3)2, CdCl2 and K2Cr2O7 salts 
individually.  The pH value of CM was adjusted 
to 6.7 using 0.1 mol/L HCl. Flasks were placed 
in autoclave to sterilize medium. After autoclave 
1mL of spore suspension (about 108 mL−1) were 
inoculated in medium and then flasks were 
placed in incubator shaker at 25°C for 7 days at 
150rpm. 
Furthermore, each 250mL flask containing 
50mL of SDB with 100mgL-1 heavy metals from 
stock solutions of Pb(NO3)2, CdCl2 and K2Cr2O7 
salts individually. Flasks were placed in 
autoclave to sterilize medium. After autoclave 
1ml of spore suspension (about 108 mL−1) 
isolates were inoculated in medium and then 
flasks were placed in incubator shaker at 25°C 
for 7 days at 150rpm. Inoculated flasks 
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containing SDB broth with 100mgL-1 heavy 
metals served as control. 
In the two-step process, 1 mL of spore 
suspension ( about 108 mL−1) was first 
inoculated in 50 mL of YPG, CM and SDB pre 
sterilized  medium in 250 mL autoclaved conical 
flask without adding any metal solution (the first 
step). After two days incubation, 100mgL-1 
heavy metal solution Pb(NO3)2, K2Cr2O7 and 
CdCl2  was added to the conical flask (the 
second step). Biosorption was carried out by 
tumbling the mixture in a rotary shaking 
incubator at 150rpm and 25°C for 5 days 7. All 
the experiments were run in triplicate. 

Uptake of heavy metals by fungal isolates from 
liquid medium 

The highly heavy metal tolerant fungal isolates 
were evaluated for uptake of heavy metals in 
different medium (YPG, SDB and CM) 
containing 100mgL-1 concentration of different 
heavy metals Pb, Cd and Cr individually in 
triplicate.  Medium in flask were added in 50 
mL centrifuge tubes and centrifuged at 
10,000rpm for 15min. Supernatant was stored 
for Atomic absorption spectrophotometer for 
estimation of heavy metal contents. The 
harvested fungal biomass was rinsed with 
double distilled water 3-4 times and dried in hot 
air oven at 80°C for 18 h and weighted. . All the 
experiments were conducted in triplicate and 
data were analyzed statistically. 

The uptake of heavy metal by fungal biomass 
was calculated using the equation (1)      

( )

1000

i f

e

c c V
q

M
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Where eq is concentration of heavy metal 

accumulated by fungal biomass in (mg.g-1), ic is 

initial concentration of heavy metal (mg.L-1), 

fc is the final concentration of heavy metal 

(mg.L-1); V (L) is the volume of the aqueous 
medium and M is the dry weight (g) of the 
fungal biomass. 

 

 

 

Results  
Twenty six fungal isolates tolerant to heavy 
metals were isolated from samples of 
Weifang Red star chemical industry Weifang 
city China contaminated with heavy metals such 
as Pb, Cr and Cd using standard methods.14This 
included ten isolates tolerant to Pb, nine isolates 
tolerant to Cr and seven isolates tolerant to Cd. 
Four fungi; Aspergillus tubingensis (F1), 
Neosartorya  hiratsukae (F3), Aspergillus flavus 
(F4), Rhizomucor pusillus (F5), tolerant to Pb 
were further screened for their tolerance to Pb at 
50 and 100mg of Pb. Out of fourteen fungal 
isolates tolerant to Pb at 10mg it was found that 
four isolates could tolerate Pb at 10mg. Among 
nine isolates tolerant to Cr only three isolates 
Aspergillus. flavus (F4), Rhizomucor. pusillus 
(F5) and Aspergillus terreus (F7) could tolerate 
Cr at 50mg while in case of Cd only three 
isolates Rhizomucor pusillus (F2), Aspergillus 
flavus (F4) and Rhizomucor pusillus (F6) could 
tolerate Cd at 10mg.  This indicated inhibition of 
growth of the fungal isolates at higher 
concentration of heavy metals. Similar 
observations about toxic effect of higher 
concentration of heavy metals on growth of 
fungi have been reported 15, 16. These fungi were 
then identified on the basis of morphological 
characteristics and biochemical tests for initial 
results and were named as series from F1-F7.  
All fungal isolates showed different removal 
efficiencies for different heavy metals in 
different medium. Removal efficiency was 
compared in one-step with those in the two-step   
(Fig. 1-3). Three types of medium were used to 
compare heavy metal efficiencies.  And it was 
found that two-step process is better than one-
step because most of results showed good 
efficiency in two- step process.  

Different medium showed different removal 
percentages. In YPG medium maximum 
removal efficiency of 99% by F4 in Pb in two-
step process was observed, while in case of Cd 
fungal strain F6 showed maximum removal 
efficiency 77% in two-step process and in case 
of Cr maximum removal efficiency of 45% by 
F4 was observed (Fig 1). YPG medium showed 
maximum removal efficiency in two-step 
process in comparison with one-step process.  



INDIAN J. MAR. SCI., VOL. 45, NO.4 APRIL 2016 

 
502

F1 F2 F3 F4 F5 F6 F7

0

20

40

60

80

100

R
e

m
o

v
a

l 
e

ff
ic

ie
n

c
y
(
%

)

Fungal Isolates

 Pb one-step
 Pb two-step
 Cr one-step
 Cr two-step
 Cd one-step
 Cd two-step

Fig 1. Different removal efficiencies of Pb,Cd & Cr in one 
and two-step process in YPG medium 

    In case of CM used for comparison of both 
steps process F2, F5 and F6 showed maximum 
removal efficiency of 98% in Pb in two-step 
process while minimum of 41% by F1 in one-
step process. The fungal strain F4 and F7 
showed maximum efficiency of 99% in Cr using 
one-step process while minimum of 67% by F1 
and F5 in two-step while in case of Cd 
maximum removal efficiency of 63% by F4 and 
F2 in one-step and minimum of 41% by F1 was 
observed. When removal efficiency by different 
fungal isolates were observed in both steps in 
CM it was observed that by using this medium 
fungal isolates showed good efficiency in one- 
step process. 
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Fig 2. Different removal efficiencies of Pb,Cd & Cr in one 
and two step process  in CM 

The F5 and F6 showed maximum removal  
efficiency i.e. 87% in two-step process while 
minimum of 41% by F3 in two-steps process in 
SDB medium containing Pb. Maximum removal 
efficiency of 67% by F4 in two-step process was 
observed in same medium containing Cd while, 
medium containing Cr showed maximum 
efficiency of 72% by F7 in case of two-step 
process. 

Among the seven fungal isolates used for 
comparison of both steps three fungal isolates 
F4, F2 and F6 showed approximate bio 
accumulating ratios and almost all results 
showed good efficiency in two-step process. 

F1 F2 F3 F4 F5 F6 F7

0

20

40

60

80

100

 Pb one-step
 Pb two-step
 Cr one-step
 Cr two-step
 Cd one-step
 Cd two-step

R
e

m
o
v
a
l 
e
ff
ic

ie
n
c
y
(
%

)

Fungal Isolates

 Fig 3. Different removal efficiencies of Pb,Cd & Cr in one 
and two step process in SDB medium 
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Uptake of Pb by fungal isolates from liquid 
medium 

The maximum uptake i.e. (29.02mg.g-1) of 
biomass in F4 in two-step process and  
minimum (12.78 mg.g-1) in F6 in one-step 
process in Pb containing medium YPG  while in 
case of CM in Pb  (35.74 mg.g-1) by the F2 in 
two-step and minimum of (7.64 mg.g-1) by F1 in 
one-step process was observed while in medium 
containing SDB maximum uptake of  (39.58 
mg.g-1) by F6 in two-step and minimum of 
(13.01 mg.g-1) by F3 in one-step process in Pb 
was observed (Table1) which indicated more 
binding sites on cell wall of these fungi and their 
potential as bio sorbent to remove Pb from 
industrial wastewater containing higher 
concentration of Pb which correlates with 
Ahluwalia et al. 17 Removal of lead ions from 
aqueous solutions by non-living biomass of 
Penicillium chrysogenum was 116mg/g dry 
biomass 18.  Wherever there was less growth, 
there was higher uptake of Pb and vice versa. 

The results showed that F4 is suitable for using 
as Pb2+ accumulators in waste water and soil. 
Similar results with respect to differential Pb 
uptake by different fungi were reported by 
earlier workers 19,20. 

Uptake of Cd by fungal isolates from liquid 
medium 
In two-step process the maximum uptake (29.64 
mg.g-1) of Cd was observed in F6 and minimum 
uptake of Cd (4.67mg.g-1) was observed in F1 in 
one-step in YPG medium (Table 2). In case of 
CM maximum uptake of (60.2mg.g-1) by F4 in 
two-step and minimum of (25.21 mg.g-1) in one-
step bioleaching by F1 was observed. In case of 
SDB medium maximum uptake by F4 i.e. (68.87 
mg.g-1) while minimum by F3 i.e (17.59mg.g-1) 
(Table 2). The highest uptake of Cd by F4 
indicated their potential as biosorbent and 
efficiency to remove Cd from aqueous solution, 
which relates with, Akar and Tunali, 21 who 
found that maximum biosorption capacities of 
Cd (II) and Cu (II) ions on B. cinerea were  

Table 1; Uptake of Pb in (mg.g-1)by different fungi in liquid media 

 

Fungi Name 

Uptake of Pb  in YPG 
Media(mg.g-1) 

Uptake of Pb in CM (mg.g-1) Uptake of Pb  in SDB Media(mg.g-1) 

One Step Two Step One Step Two Step One Step Two Step 

F1 14.27 19.98 7.64 12.82 16.09 19.04 

F2 13.21 15.01 12.34 35.74 22.29 25.26 

F3 15.33 16.55 22.54 25.26 13.01 15.01 

F4 22.98 29.02 13.68 13.87 19.98 20.72 

F5 14.65 15.88 33.24 35.02 30.25 31.35 

F6 12.78 16.57 11.56 12.78 30.24 39.58 

F7 21.67 22.08 10.98 11.52 21.04 25.4 

Table 2; Uptake of Cd in (mg.g-1) by different fungi in liquid media 

 Uptake of Cd in YPG 
Media( mg.g-1) 

Uptake of Cd in CM( mg.g-1) Uptake of Cd in SDB 
Media( mg.g-1) 

Fungi name One Step Two Step One Step Two Step One Step Two Step 

F1 4.67 6.15 25.21 36.71 40.09 42.91 

F2 10.65 14.83 42.56 43.71 18.05 19.06 
F3 1.56 3.24 29.86 30.58 17.59 22.39 
F4 12.65 13.21 39.95 60.2 29.92 68.87 

F5 12.89 14.36 42.65 47.18 38.25 42.78 

F6 13.86 29.64 48.43 50.37 32.29 37.13 

F7 6.68 8 50.23 51.15 26.9 27.73 
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found to be 17.03 mg/g and 9.23 mg/g, 
respectively.   

Uptake of Cr by fungal isolates from liquid 
medium 

In case of two-step process the maximum uptake 
(10.66mg.g-1) by F4 and minimum uptake of 
(3.32 mg.g-1) was observed in F3 in one-step 
process in YPG medium, while in case of CM 
maximum uptake of (68.02mg.g-1) by F4 and 
minimum of (11.98 mg.g-1) by F1 was observed. 
In case of SDB medium maximum uptake of   
(35.82mg.g-1) by F7 and minimum of (13.76 
mg.g-1) by F1 was observed (Table 3).  The 
highest uptake of Cr by F4 indicated their 
efficiency to remove Cr from aqueous solution 
containing higher concentration of Cr which 
correlates with other studies in which, Vasanthy, 
22  reported that B. sp. was effective in Cr 
removal up to 83.4 per cent at 10 mgL-1 and 
79.1 per cent at 50 mgL-1 concentration.  

4. Discussion 

   A. flavus (F4) and R. pusillus (F5) have been 
shown in this study to be resistant to Pb, Cd and 
Cr when cultured with level upto 100mgL-1. 
This is in agreement with findings reported by 
other researchers in term of high tolerance level 
of Rhizomucor to HM and long chain 
hydrocarbons 23. Different fungal strains were 
used to determine heavy metal biosorption with 
comparative analysis in different medium in one 
and two-step process. Fungal biomass were used 
to determine the percentage adsorption of heavy 
metals (Pb, Cd and Cr) from solution 24,25. 

The results obtained affirmed that response of 
the isolates to heavy metals depends on the 
metal tested, its concentration in the medium 

and on the isolate considered. Numerous 
researchers have also reported similar findings, 
where aqueous solution with fungal biomass 
was observed to adsorb HM ions. A. niger 
capable of removing 34.4 mg/g lead (II) at 100 
mgL-1 lead (II) concentration 26 and Polyporous 
versicolor and Phanerochaete chrysosporium 
were effective in removing Pb (II) from aqueous 
solutions with maximum absorptive capacity of 
57.5 and 110 mg Pb (II)/g dry biomasses 
respectively 27. Removal of lead ions from 
aqueous solutions by non-living biomass of 
Penicillium chrysogenum was 116mg/g dry 
biomass 18. Akar and Tunali 21 who found that 
maximum biosorption capacities of Cd (II) and 
Cu (II) ions on B. cinerea were found to be 
17.03 mg/g and 9.23 mg/g, respectively. . P. 
chrysosporium was used to biosorp cadmium 
(II), lead (II), copper (II) and the adsorption 
capacities reached 23.04, 69.77 and 20.33mg/g 
dry biomass, respectively 28. The basidiomycetes 
Phanerochaete chrysosporium, Pycnoporus 
cinnabarinus and Pleurotus ostreatus stopped 
growing when a concentration of 11.2 mgL-1 of 
cadmium was added to their culture medium 29. 
 P. aeruginosa was found to detoxify Cd2+ 
through production of intracellular cadmium-
binding proteins 30. Similar results with respect 
to bio sorption of Cd and other heavy metals by 
fungi have been reported earlier 19, 31-33, 34-38. 

Nourbaksh et al investigated biosorption of 
chromium (VI) ions on the different filamentous 
funguses including C. vulgaris, C. crispata, R. 
arrhizus, S. cerevisiae and Z. ramigera and 
maximum adsorption capacity was found to be 
4.5mg/g 38. Variations with respect to tolerance 
to Cr by fungi and bacteria were also reported 
by earlier workers 39-  43.  

However, although some authors found that 
microorganisms isolated from contaminated site 
were more tolerant than those isolated from 

Table 3; Uptake of Cr in (mg.g-1) by different fungi in liquid media 

Fungi Name Uptake of Cr in YPG 
Media(mg/g) 

Uptake of Cr in CM (mg/g) Uptake of Cr in SDB Media(mg/g) 

 One Step Two Step One Step Two Step One Step Two Step 
F1 4.49 5.41 11.98 12.74 13.76 14.86 
F2 5.76 6.74 32.22 32.66 16.65 17.9 
F3 3.32 5.83 62.56 65.53 20.9 21.09 
F4 8.54 10.66 28.93 68.02 14.89 25.82 
F5 5.37 6.94 29.01 32.09 20.02 21.3 
F6 3.98 6.76 20.65 27.92 25.56 29.9 
F7 4.98 5.49 52.36 56.08 24.65 35.82 
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natural environment 44. Some studies are not in 
this favor 45,46. They reported very little 
differences in metal tolerance between strains 
from polluted and unpolluted sites. The 
resistance of isolates appeared could be 
correlated with the sites of their isolation. 
Various genera and also isolates of same genus 
did not necessarily have the same heavy metal 
tolerance. The variation in the heavy metal 
tolerance may be due to the presence of one or 
more strategies of tolerance and resistant 
mechanisms exhibited by fungi. It must also be 
taken into account that contamination at the 
polluted site is caused by the combination of 
metals and that the selection is probably driven 
by the most toxic element or by more different 
metals acting synergistically 47.  

When comparing two biotreatement regiments 
in this portion of study, i.e. use of living fungal 
biomass versus the use of oven dried fungal 
biomass, there is overwhelming evidence to 
support the use of former to remove HMs from 
polluted sites, either it is wastewater or soil. One 
may argue that under optimum conditions which 
may be said are different for both regiments, 
there is not much difference between two types 
of biotreatements. But, upon closer examination, 
it may be arguable that amount of heavy metal 
ions removed within specific time frame and in 
higher concentrations of contamination the 
process that employs living biomass is more 
effective. 

The use of living fungal biomass may therefore 
indeed be labelled as panacea for the removal of 
toxic substance from the environment. Not only 
it is cost effective, but intrinsic bioremediation 
principally relies on the indigenous 
microorganisms isolated from the contaminated 
site itself, to wield their natural power and 
remedy the situation. Such technologies 
although not new, but certainly are in their 
infancy in this part of world and must be 
encouraged and promoted by all concerned 
sectors. 

As a result, improved industrial hygiene and 
increased use of new technologies to remove 
heavy metals from the environment have been 
adopted in the developed nations and must be 
strongly considered and implemented in 
developing nations as well 48. 

Present study findings indicate that fungal 
population isolated from heavy metal 
contaminated site has ability to resist high 
concentration of heavy metals. Using fungal 
biomass particularly living biomass of A. flavus 
(F4) and R. pusillus (F5), ubiquitous microbes, 
may help to reduce heavy metal from our 
environment which makes them a promising 
candidate for future investigations regarding 
their ability to remove heavy metals from 
contaminated sites. Not only would this be 
saving our children and many generations to 
come from exposure to this poison, but we 
would also help to save the biodiversity within a 
defined biosphere. 

Conclusion 

In this study bioaccumulation of heavy metals in 
aqueous medium using indigenous fungal strains 
were studied. Pb, Cr and Cd resistant strains 
were identified from contaminated site. Results 
showed that fungi isolated from contaminated 
site have ability to resist heavy metals high 
concentration. Among different fungus isolated 
F4 and F6 was almost tolerant to these three 
heavy metals (Pb,Cd and Cr) level up to 100 
mgL-1 medium. The bioaccumulation ratio of Pb, 
Cd and Cr by F4 and F6 was considerably 
influenced by the composition of the growth 
medium. Further analysis for removal of heavy 
metals in soil will be done. 

Acknowledgements 
This work was supported by the State Key 
Laboratory of Environmental Criteria and Risk 
Assessment (No. SKLECRA2013FP12) and the 
Public science and technology research funds 
projects of ocean, China (201105020). 
 
References 

1. Spiegel, S.J., Farmer J.K. and Garver S.R., Heavy 
Metal concentration in Municipal Wastewater 
Treatment Plant Sludge, Bull, Environ.Contam. 
Toxicol., 35(1985) 38-43. 

2. Malik, A., Metal bioremediation through growing 
cells, Environmental International Journal, 30 (2004) 
261-278. 

3. Chuah, T.G., Jumasiah, A., Azni, I., Katayon S. and 
Choong, S.Y.T., Rice husk as a potentially low-cost 
biosorbent for heavy metal and dye removal: an 
overview, Desalination, 175(2005) 305-316. 

4. Cortes O.E.J., Barbosa L.A.D. and Kiperstok A., 
Biological treatment of industrial liquid effluent in 
copper production industry, Tecbahia Revista Baiana 
de Tecnologia, 18(1) (2003) 89-99. 



INDIAN J. MAR. SCI., VOL. 45, NO.4 APRIL 2016 

 
506

5. Da,s N., Vimala R. and Karthika P., Biosorption of 
heavy metals-An overview, Indian Journal of 
Biotechnology, 7(2008), 159-169.  

6. Brierley, J.A., Brierley, C.L., and Goyak, G.M., AMT-
BIOCLAIM: A new wastewater treatment and metal 
recovery technology. In: Fundamental and Applied 
Biohydrometallurgy, Eds. R.W. Lawrence, R.M.R. 
Branion and G. Ebner, Elsevier, Amsterdam 1986, 
291-303. 

7. Nourbakhsh, M., Sag, Y., Ozer, D., Aksu, Z., Katsal T. 
and Calgar, A., A comparative study of various 
biosorbents for removal of chromium (VI) ions from 
industrial wastewater, Process Biochemistry 29(1994) 
1-5. 

8. Macaskie, L.E., The application of biotechnology to 
the treatment of wastes produced from the nuclear fuel 
cycle: biodegradation and bioaccumulation as a means 
of treating radionuclide containing streams, Critical 
Reviews in Biotechnology, 11(1991) 41-112.  

9. Churchill, S.A., Walters J.V., and Churchill, P.F., 
Sorption of heavy metals by prepared bacterial cell 
surfaces, Journal of Environmental Engineering, 
121(1995) 706-711. 

10. Gadd, G.M., Fungi and yeasts for metal 
accumulation,” In Microbial Mineral Recovery, Eds. 
H.L. Ehrlich and C.L. Brierle, McGraw-Hill, New 
York, 1990, 249-276. 

11. Bai, S.R., and Abraham, T.E., Studies on chromium 
(VI) Adsorption – desorption using immobilized 
fungal biomass, Bioresource Technology, 87(2003) 17-
26. 

12. Budavari, S.O., Neil, M.J., Smith, A., (1989). The 
Merck index, An Encyclopedia of Chemical, Drugs, 
and Biologicals. Merck &Co., INC. Rahway, N.J., 
U.S.A. 

13. Mameri, N., Boudries, N., Addour, L., Belhocine, D., 
Lounici, H., Grib, H. and Pauss, A., Batch zinc 
biosorption by a bacterial nonliving Streptomyces 
rimosus biom- ass, Water Res., 33 (1999) 1347–1354. 

14. Solarsk, S., May, T., Roddick, F.A. and Lawrie, A.C., 
Isolation and screening of natural organic matter-
degrading fungi, Chemosphere, 75(2009) 751-8. 

15. Malik, A., Metal bioremediation through growing 
cells, Environmental International Journal, 30(2004) 
261-278. 

16. Rama V.S.K.V., Akhtar, N. and Maruthi, M.P., 
Isolation of a cadmium tolerant Curvularia sp. for 
polluted effluent, Current Science, 73 453  

17. Ahluwalia, S.S., Goyal, D., Removal of lead from 
aqueous solution by filaments fungi. Indian J 
Micobiol, 43(2003) 237–241. 

18. Niu, H., Xu, X.S., and Wang, J.H., Removal of lead 
from aqueous solutions by Penicillin biomass, 
Biotechnology and Bioengineering, 42(1993) 785-787. 

19. Chang, J.S., Law, R. and Chang, C.C., Biosorption of 
lead, copper and cadmium by biomass of 
Pseudomonas Aeruginosa PU 21, Water Research, 
31(1997) 1651–1658. 

20. Tunali, S., Akar, T., Safa O.A., Kiran, I. and Ozcan, A., 
Equilibrium and kinetics of biosorption of lead (II) 
from aqueous solutions by Cephalosporium aphidicola, 
Separation and Purification Technology, 47(2006) 
105-112.  

21. Akar, T. and Tunali, S., Biosorption performance of 
Botrytis cinerea fungal by-products for removal of Cd 
(II) and Cu (II) ions from aqueous solutions, Minerals 
Engineering, 18 (2005) 1099-1109. 

22. Vasanthy, M., An investigation on removal of 
chromium (VI) using bacterial strains” Asian Journal 
of Microbiology, Biotechnology and Environmental 
Sciences, 6 (4)(2004) 583- 586. 

23. Kapoor, A., Viraraghavan, T., Fungal biosorption-an 
alternative treatement option for heavy metals bearing 
wastewaters; A review. Biores Technol., 53(1995) 195-
206. 

24. Treen-Sears, M.E., Volesky, B. and Neufeld, R.J., Ion 
exchange/complexation of uranyl ion by Rhizopus 
Biosorbent, Biotechnol. Bioeng., 26 (1984) 1323-1329.   

25. Rome, L. and Gadd, G.M., Use of pellet and 
immobilized yeast and fungal biomass for heavy metal 
and radionuclide recovery, J. Ind. Microbiol., 7 (1991) 
97-154. 

26. Dursun, A.Y., Uslu, G., Cuci Y. and Aksu, Z., 
Bioaccumulation of copper (II), lead (II) and 
chromium (VI) by growing Aspergillus niger, Process 
Biochemistry, 38 (12)(2003) 1647-1651. 

27. Yestis, U., Ozcengiz, G., Dilek, F.B., Ergen, N., Erbay, 
A. and Dolek, A., Heavy metal biosorption by white-
rot fungi, Water Science and Technology, 38(4-5) 
(1998) 323-330. 

28. Say, R., Denizli, A. and Yakup, A.M., Biosorption of 
cadmium (II), lead (II) and copper (II) with the 
filamentous fungus Phanerochaete chrysosporium, 
Bioresource Technology, 76 (2001) 67-70.  

29. Baldrian, P., Gabriel, J. and Nerud, F., Effect of 
cadmium on the ligninolytic activity of Stereum 
hirsutum and Phanerochaete chrysosporium, Folia 
Microbiologica., 41 (1996) 363–367. 

30. Hassen, A., Saidi, N., Cherif, M. and Boudabous, A., 
Effects of heavy metals on Pseudomonas aeruginosa 
and Bacillus thurengiensis, Bioresource Technology, 
65 (1998) 73-82. 

31. Puranik, P.R. and Paknikar, K.M., Biosorption of lead, 
cadmium and zinc by Citrobacter strain MCM B-181: 
characterization studies, Biotechnology Program, 15 
(1999) 228-37. 

32. Costa, A.D., Carlos, A. and Pereira, F., 
Bioaccumulation of copper, zinc, cadmium and lead 
by Bacillus sp., Bacillus cereus, Bacillus sphaericus 
and Bacillus subtilis, Brazilian Journal of 
Microbiology, 32 (2001) 1-5.  

33. Pardo, R., Herguedas, M., Barrado, E. and Vega, M., 
Biosorption of cadmium, copper, lead and zinc by 
inactive biomass of Pseudomonas putida, Analytical 
and Bioanalytical Chemistry, 376 (2003) 26-32. 

34. Kefala, M.I., Zouboulis, A.I. and Matis, K.A., 
Biosorption of cadmium ions by actinomycetes and 
separation by flotation, Environmental Pollution, 104 
(1999) 283-293. 

35. Ghoslan, H.A., Sabry, S.A. and Amer, R.A., 
Bioaccumulation of nickel, cobalt and cadmium by 
free and immobilized cells of Pseudomonas sp, 
Fresenius Environmental Bulletin, 8 (1999) 428-435.  

36. Say, R., Denizli, A. and Arica, M.Y., Biosorption of 
cadmium (II), lead (II) and copper (II) with the 
filamentous fungus Phanerochaete chrysosporium, 
Bioresource Technology, 76 (2001) 67-70.  

37. Watanabe, M., Kawahara, K., Sasaki, K. and 
Noparatnaraporn, N., Biosorption of cadmium ions 
using a photosynthetic bacterium, Rhodobacter 
sphaeroides and a marine photosynthetic bacterium, 
Rhodovulum sp. and their biosorption kinetics, 
Journal of Bioscience and Bioengineerin,g 95 (2003) 
374-378.  



SADIA et al.: BIOACCUMULATION OF HEAVY METALS FROM FUNGI 

 
507

38. Ozdemir, G., Ceyhan, N., Ozturk, T., Akirmak, F. and 
Cosar, T., Biosorption of chromium (VI), cadmium (II) 
and copper (II) by Panteo sp. TEM18, Journal of 
Chemical Engineering, 102 (2004) 249-253. 

39. Nourbakhsh, M., Sag, Y., Ozer, D., Aksu, Z., Kutsal, T. 
and Caglar, A., A comparative study of various 
biosorbents for removal of chromium(VI) ions from 
industrial waste waters, Process Biochemistry, 29 
(1994) 1-5. 

40. Watanabe, M., Kawahara, K., Sasaki, K. and 
Noparatnaraporn, N., Biosorption of cadmium ions 
using a photosynthetic bacterium, Rhodobacter 
sphaeroides and a marine photosynthetic bacterium, 
Rhodovulum sp. and their biosorption kinetics, 
Journal of Bioscience and Bioengineering, 95 (2003) 
374-378. 

41. Akar, T. and Tunali, S., Biosorption characteristics of 
Aspergillus flavus biomass for removal of Pb (II) and 
Cu (II) ions from an aqueous solution, Bioresource 
Technology, 97(2006) 1780-1787. 

42. Preetha, B. and Viruthagiri, T., Batch and continuous 
biosorption of chromium (VI) by Rhizopus arrhizus, 
Separation Purification Technology, 57 (2007) 126-
133. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

43. Srivastava, J., Chandra, H., Tripathi, K., Naraian, R. 
and Sahu, R.K., Removal of chromium (VI) through 
biosorption by the Pseudomonas sp. isolated from 
tannery effluent, Journal of Basic Microbiology, 
48(2008) 135-139. 

44. Malik, A., Metal bioremediation through growing 
cells, Environ. Intl., 30 (2004) 261. 

45. MO, M.H., Chen, W.M., Zhang, K.Q., heavy metal 
tolerance of nematode trapping fungi in lead polluted 
soil, Appl. Soil. Ecol., 31 (2006) 11. 

46. MO, M., Chen, W., Yang, H., Zhang, K., Diversity and 
metal tolerance of nematode trapping fungi in Pb 
polluted soil, J. Microbiol. 46 (1) (2008) 16.  

47. Baldarian, P., Gabriel, J., intraspecific variability in 
growth response to Cd of the wood rotting fungus 
Piptoporus betulinus, Mycologia. 94 (2002) 428.  

48. Khwaja, M.A., Pollution of the River Kabul. In: The 
Politics of Managing Water, Oxford University Press 
Karachi, Pakistan, pp: (2003) 27-30. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




