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Abstract

Microorganism executes major role in heavy metals biosorption from polluted soil and water. Heavy metals having relatively
high density are toxic at low concentration. The concentration of heavy metals is increasing due to rapid industrialization.
To control metal pollution biotechnology is being applied and biosorption is one of the processes of biotechnology. The study
was conducted on the various isolates of highly tolerate filamentous fungal species, Aspergillus fumigatus isolated from
polluted soil collected from Kasur district, Pakistan. Biosorption capacity of Aspergillus fumigatus was investigated against
metals viz. lead (Pd), chromium (Cr), cadmium (Cd), nickel (Ni), copper (Cu) and zinc (Zn) at constant pH 5 and
temperature 30 °C and at 200ppm, 400ppm, 600ppm and 800ppm metal solution concentrations. The highest biosorption
value (76.07) exhibited by A. fumigatus isolate K3 against Pb, followed by Cu (69.6) and Cr (40.0) at 800ppm metal
concentration. The purpose of the present investigation was to investigate different fungal isolates absorption behavior
towards various heavy metals toxic and detrimental to flora and fauna. The knowledge of present study will be helpful for
further assessment and management of natural biosorbent (fungus) which could serve as an economical source of treating

ISSN 2278-3202

industrial effluents with toxic metallic ions.
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Introduction

Environmental pollution is nothing but a misplaced resource; it
is truer in context of the heavy metal ions. Environmental
pollution due to toxic heavy metals is the major issue of the
twenty first century. Heavy metals such as iron, manganese,
mercury, lead, zinc, cadmium, uranium, chromium and several
others are cornerstones 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 products’.

With the rapid development of many industries such as mining?,
smelting procedures® and agriculture* as well as from natural
activities, heavy metals have been discharged into the
environment as a result of anthropogenic processes. Chemical
and metallurgical manufacturing are the main sources of metal
jons in the environment’. Heavy metals present in contaminated
soil may pose a threat to human health if these metals enter into
the food chain.

In the recent years, different methods are being utilized for the
removal of heavy metal ions from the aqueous disposed such as
ion exchange, precipitation (Chemistry), = membrane
technologies, electrochemical treatments, activated carbon
adsorption, etc®. However, electrochemical treatment and
precipitation (Chemistry) are deactivated on decreasing metal
ion concentrations upto 50 mg/l in the aqueous solution.
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Therefore, each of these procedures has some demerits that
exceed to merits. By applying biotechnological tools like
biosorption in managing and removal of metal ions pollution
has been paid much consideration and gradually becomes
important technique from the last few decade’. Biosorption is a
process of bioremediation of heavy metals by utilizing some
natural biological sources including bacteria, fungi, yeast, algae,
etc. In the beginning, the studies have been focus completely on
the toxicological features of biosorption technique. In recent
times, attempts are being made to connect biosorption
phenomenon into a method for the detoxification of industrial
effluents containing metallic ions by eradication or/and
ultimately also metals recovery®. The advantage of biosorption
is not only to be functioned under a broad spectrum of
conditions like pH, temperature etc. but also to be found
economically feasible due to the cheap raw supplies that can be
utilized as biosorbents’.

Biosorption capacity may vary extensively and mainly it is
depending upon the metal ions and biosorbent involved in the
processes, the use of denatured biomass can be of great concern.
With these dead biomasses, heavy metal ions were clearly
accumulated on cell walls, while no specific molecules were
found as particular sites for metal chelating. The metal recovery
and biomass production is considered as essential to get rid of
metals toxicity for microbial growth, or suppression of metal
addition through nutrients or excreted metabolites'”.
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Filamentous fungi are employed in fermentation industries to
generate diverse metabolites for exampleantibiotics, enzymes,
etc. The fungi showed a great affinity for metal ions as
compared to other microbes. These can accumulate metals by
means of biological and physiochemical mechanisms from their
external environment'""'*. All filamentous fungi belonging to
Zygomycetes group'”, in addition to small quantity of protein,
contain large amounts of polymer of N-acetyl, chitin and
chitosan, and deacetylated glucose-amine on their cell wall.
Therefore, large amounts of potential binding sites are showed
by free hydroxyl groups, amineand carboxyl. The amine group
containing nitrogen atom and the hydroxyl group containing
oxygen atom have ability to bind a proton or a metal ion,
respectively, followthe electron pair sharing phenomenon.
However, the electro-negativity of oxygen is higher than that of
nitrogen; therefore a lone pair of electrons donated from the
nitrogen will be more facile than that of the oxygen atom in the
formation of metal complex'*.

In the present study, biosorption efficiency of filamentous
fungus, Aspergillus fumigatus isolates collected from the peri-
urban agricultural soil of Kasur district, towards remediation of
heavy metals viz. Cu, Pb, Cr, Ni, Zn and Cd polluted this area,
was evaluated by characterizing the bioaccumulation of these
metals.

Material and Methods

Sample Collection and Fungus Isolation: For present study,
soil samples were collected from area near to peri-urban
agricultural land, Kasur district (figure-1). From selected soil
samples pure culture of Aspergillus fumigatus isolates was
isolated by soil dilution method (and preserved for further

Int. Res. J. Biological Sci.

detailed investigation of heavy metal biosorption analysis. The
study was conduct at the laboratory of Mycology and
Ecotoxicology, Fatima Jinnah Women University (FIWU),
Rawalpindi.

Preparation of Adsorbent: The Aspergillus fumigatus biomass
was prepared in PD broth (potato dextrose broth) media. To
prepare 100 ml of the PD broth 30ml of potato broth and 2 gm
of glucose was added in conical flask and were filled up to
100ml of distilled water. Flask was tightly closed with a cotton
plug and then aluminum foil and autoclaved at 121 C and 15
pascal for 20 minutes. Later on the flask was opened under
laminar flow and fungus was inoculated into each flask. The
flasks were agitated on a rotatory shaker for 3-4 days at 150 rpm
and at 30°C temperature. After 3-4 days thick bed of fungal
biomass developed was further used for biosorption experiment.

Metal Biosorption Experiment: To investigate the biosorption
capacity of the several Aspergillus fumigatus isolates towards
the heavy metals with various initial heavy metal concentrations
and optimal cultural conditions, were employed (table-1). Metal
solutions of 200ppm, 400ppm, 600ppm and 800ppm were
prepared with CuSO,, Pb(NOs),, ZnCl,, Cr(NO;);, Ni(NOs),
and CdCl, for metals copper, lead, zinc, chromium, nickel and
cadmium, respectively. The pH of metal solution is adjusted at
5.0 by using IN HCI or 1IN NaOH. Subsequent to metal solution
preparation, 1 gm of fungal biomass was suspended in 100 ml of
metal solution in 250ml conical flask. The flasks were agitated
on a rotatory shaker at 150rpm and at 30°C with contact time of
4 hrs. The initial pH and biosorption contact time was chosen
based on previous studies reported'>™"”.
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Figure-1
Study area and Sampling site located in Kasur district, Pakistan
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Table-1
List of Aspergillus fumigatus isolates used for biosorption
analysis collected from the polluted soil in Kasur district

Sr. No. Fungus Name Isolate Codes
1 Aspergillus fumigatus K3
2 Aspergillus fumigatus K4
3 Aspergillus fumigatus K12
4 Aspergillus fumigatus K18
5 Aspergillus fumigatus K26
6 Aspergillus fumigatus K27
7 Aspergillus fumigatus K28
8 Aspergillus fumigatus K29
9 Aspergillus fumigatus K30

After each experiment employed different fungal isolate and
metal concentrations, the mixture was filtered through Whatman
filter paper no.l and the filtrate obtained was examined by
atomic absorption spectrophotometerfor metal concentration.In
order to run the samples in atomic absorption spectrophotometer
the concentration of the metal solution was reduced by dilution
of metal solution after each experiment. The 1 ml of metal
solutions of concentration 200ppm and 400pm were diluted up
to 250ml in volumetric flask with distilled water and the metal
solutions of concentration 600ppm and 800ppm were diluted up
to 500ml in volumetric flask with distilled water. The samples
were stored in test tubes and were analyzed further in atomic
absorption spectrophotometer'®.

Biosorption Analysis of Data: The experiment was performed
in three replications keeping the experimental conditions
constant. The total quantity of metal ions biosorbed per gram of
biomass for each sample (Q or q) was evaluated. Biosorption
capacity was measured by employing following formula:

Ci—Cy
\%

q:
m

Whereas g=mg of metal ions uptake per gram biomass (mg/g),
Ci=initial concentration of the metallic ions (mg/L); Ci=final
concentration of metallic ions (mg/L); m=dried mass of the
biosorbent in the reaction mixture (g) and V=volume of reaction
mixture (ml).

Results and Discussion

The heavy metal ions are present in natural and industrial
disposed wastewater. These metallic ions present on the surface
and underground water resulted in soil contamination. Many
conventional techniques have been practice to eliminate heavy
metal ions including physical (membrane separation, ion
exchange) and chemical (neutralization, precipitation)
techniques'®. However, these methods are only efficient to
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eradicate mass of heavy metal present at high or moderate
concentration but ineffective at diluted or low concentration of
metal ions’.

Biosorption technique employing microbial biomass as
biosorbent has been illustrated. In this process both alive and
heat killed dead biomass of several filamentous fungi
(Mucorspp., Aspergillusspp., Penicillium spp., Rhizopus spp.)
have been employed™.

In the present study highly tolerant filamentous fungal isolates
of Aspergillus fumigatus were isolated from the polluted soil of
Kasur and biosorption capacity was checked against heavy
metals viz.; Pb, Cr, Cd, Ni, Cu and Zn. In the present study pure
culture of 9 fungal isolates of Aspergillus fumigatus were
collected and there biosorption capacity was evaluated against
heavy metals at different concentrations at constant pH 5 and
similar methodology was reported®' in biosorption experiment.
Biosorption is commonly refers to the technique of passive
binding of radioactive elements or metallic ions by active and
denatured biomass. These biological agents possess property of
metal-sequestering and can be utilized to reduce metal ions
concentration of in the aqueous solution even from ppm to ppb
level.

The results of biosorption vary from specie to specie because
the process is dependent on factors including: fungal species,
biosorbent size, metal solution concentration, solution pH,
shaking time and ionic composition. Fungi constitute a high
proportion of the microbial biomass in soil. Being widespread in
soil their large surface to volume ratio and high metabolic
activity, fungi can contribute significantly to heavy metal
dynamics in soil*.

In the present investigation, the biosorption capacity using
different fungal isolates are influenced by the concentration of
metal ions. The peak value was obtained for metal lead on all
the metal ion concentration. The fungal isolate K3 of
Aspergillus fumigatus exhibited the maximum biosorption rate
(76.07) at 800ppm as moving towards higher concentration
against the metal lead (figure-2). The pattern of behavior of
isolates K3 and K26 was almost linear compare to K4 against
metal lead. Alternatively, isolates K3 and K4 showed maximum
absorption (69.6) against copper following lead (figure-3). On
observing the polynomial pattern, both isolates showed non-
linear behavior. Figure-4 presents the biosorption capacity for
metal chromium and it was evaluated that all the three isolates
(K18, K29, K30) represented different pattern of absorption on
atomic spectrophotometer. The absorption behavior for
cadmium was characterized as non-linear (figure-5). On contrast
to nickel and zinc metals, the least absorption values (25 and 20,
respectively) at 800ppm were investigated by isolates K3, K12
and K18. However, K3 showed linear pattern compare to K12
and K18 (figure-6-7).
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Effect of biosorption capacity on different concentration of copper ions using K3 and K4 isolates of Aspergillus fumigatus
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Effect of biosorption capacity on different concentrations of cadmium ions using K27 and K28 isolates of Aspergillus
Jumigatus
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Effect of biosorption capacity on different concentrations of nickel ions using K3 and K18 isolates of Aspergillus fumigatus
D 925 .
(@)
E
o 20 -
2 o K3
g 19 = K12
8 10 - Poly. (K3)
S - - - .Poly. (K12)
g 5
o
8
E 0 T T T T ]
0 200 400 600 800 1000
Initial Concentration of Metal
(Ppm)
Figure-7

Effect of biosorption capacity on different concentrations of zinc ions using K3 and K12 isolates of Aspergillus fumigatus

The rest of conditions like pH, temperature, time and revolution
speed were kept constant throughout the experiment. In one
such study the heavy metal biosorption and tolerance of
filamentous fungus from the soil polluted with metal was
evaluated”’. The results demonstrate that highest biosorption
capacity of Cr was shown by 6mM concentration. The varying
degree of biosorption capacity is mainly due to employing
different isolates and change in the biomass. In another studied
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the biosorption of lead (Pb) by indigenous fungal isolates at
various concentrations and peak value for Pb removal was
observed on 1000 mg/L>. Similarly, according to another study
reported the investigation of Aspergillusniger biosorption that is
reflecting the similar pattern of biosorption®*. Similar conducted
work on biosorption of heavy metals by fungal dead biomass®.
The finding depicted more sorption of lead at high metal
solution concentration.
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In our study, the pH was adjusted at 5.0. The uptake of heavy
metals by Aspergillus fumigatus was found to be strongly
influenced by the initial pH value of aqueous metal solution. It
has been commonly convenient that pH of metal solution can
izgltensely influence metal absorption intensity of biosorbents®®

In the investigation, the biosorption time was adjusted at 4hrs.
The total quantity of absorption metal ions was highest at the
start of absorption and saturation points were completely
reached at about 4 hours for all metals ions. The binding of the
metal ions with functional group of fungal biomass is already
reported. A wide range of equilibrium biosorption times are
reported with various biosorbent systems.

Due to rapid global urbanization and ultimately industrialization
the relationship between human health and environmental
pollution has been seriously recognized. However, the most
challenging aspect of environmental pollution in the modern
civilization is to control the human activities’***. Therefore, this
has to be need of hour to properly manage public activities that
are mainly the key factors in contributing the environmental
pollution.

In the conclusion, the highest biosorption capacity was shown
by K3 isolate against metal lead and copper with almost linear
polynomial pattern followed by K18 against chromium. The
ability of the filamentous fungi to biosorption and accumulate
metals together with tremendous properties of fungal mycelia to
offer an opportunity utilizing such candidates in selective
adsorption of heavy metal from waste water and soil nearby
industrial sectors.

Conclusion

The knowledge of present investigation will provide
information about heavy metal biosorption by filamentous
fungus. This high absorption capacity of fungus made them well
suited for removal of heavy metal present in very low or diluted
concentration from polluted water, bioleaching, bioremediation
of polluted sites and effluent treatments. The information of
present study will be helpful for further assessment and
management of natural biosorbent (fungus) which could serve
as an economically good source of treating industrial effluents
contain toxic heavy metal ions.

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, 38-43(1985)

2. Navarro M.C., Pérez-Sirvent C., Martinez-Sanchez M.J.,
Vidal J., Tovar, P.J. and Bech, J., Abandoned mine sites as
a source of contamination by heavy metals: A case study in
a semi-arid zone, J. Geo. Explor., 96(2-3), 183-193 (2008)

International Science Congress Association

10.

11.

12.

13.

14.

15.

16.

17.

Int. Res. J. Biological Sci.

BrumelisG., Brown D.H., Nikodemus O. and Tjarve D.,
The monitoring and risk assessment of Zn deposition
around a metal smelter in Latvia, Environ. Monit. Assess.,
8(2),201-212(1999)

Vaalgamaa S. and Conley D.J.,Detecting environmental
change in estuaries: Nutrient and heavy metal distributions
in sediment cores in estuaries from the Gulf of Finland,
Baltic Sea, Estuarine, Coastal and Shelf Science,76(1), 45-
56 (2008)

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),
89-99 (2003)

Matheickal J.T. and Yu Q., Biosorption of lead (II) and
copper (II) from aquoues solution by pretreated biomass of
Australian marine algae, Bioresour. Technol., 69, 223-229
(1999)

Das N., Vimala R. and Karthika P., Biosorption of heavy

metals-An overview, Indian Journal of Biotechnology, 7,
159-169 (2008)

Kuyucak N., Feasibility of biosorbents application,
Biosorption of heavy metals, B. Volesky (Editor), CRC
Press, Boca Raton, FL., 371-378 (1990)

Volesky B.,Sorption and biosorption, BV Sorbex, Inc.,
Montreal, Canada, 16 (2003)

Fourest E. and Roux J.C., Heavy metal biosorption by
fungal mycelial by-products: mechanisms and influence of
pH, Appl. Microbiol. Biotechnol., 3, 399-403 (1992)

Cabuk A., Ilhan S., Filik C., Caliskan F., Pb2+ biosorption
by pretreated fungal biomass, Turk. J. Biol, 29, 23-28
(2004)

Preetha B. and Viruthagiri T., Biosortion of zinc (II) by
Rhizopus arrhizus: equilibrium and kinetic modeling, Afr. J
of Biotech., 4(6), 506-508 (2005)

Madigan M.T., Martinko J. M. and Parker J.,Brock Biology
of Microorganisms, 9th ed.; Prentice Hall: Upper Saddle
River, NJ (2000)

Das S.K., Das A.R and Guha A.K.,A Study on the
Adsorption Mechanism of Mercury on Aspergillus
versicolor Biomass, Environ. Sci. Technol., 41, 8281-8287
2007)

Kapoor A., Viraraghavan T. and Cullimore D.R., Removal
of heavy metals using the fungus Aspergillus niger.
Bioresour. Technol.,70, 95-104 (1999)

Yan G. and Viraraghavan T., Effect of pretreatment on the
bioadsorption of heavy-metal on Mucor rouxii, Water Res.,
26, 119-123 (2003)

Filipovic Kovacevic Z., Sipos L. and Briski F., Biosorption
of chromium, copper, nickel and zinc ions onto fungal



International Research Journal of Biological Sciences

ISSN 2278-3202

Vol. 2(12), 66-73, December (2013)

18.

19.

20.

21.

22,

23.

24.

25.

pellets of Aspergillus niger 405 from aqueous solutions,
Food Technol. Biotechnol.,38 (3), 211-216 (2000)

Javaid A. and Bajwa R. Biosorption of electroplating heavy
metals by some basidiomycetes, Mycopath., 6(1&2),1-6
(2008)

Guibal E., Roulph C. and Cloirec P.L., Uranium
biosorption by filamentous fungus Mucor miechei: pH
effect on mechanisms and performance of uptake, Water
Res.,26, 1139(1992)

Ahmad I., Ansari M.I. and Agqil F., Biosorption of Ni, Cr
and Cd by metal tolerant Aspergillus niger and Penicillium
spp. using single and multi-metal solution, Indian journal
of experimental biology, 44, 73-76 (2006)

Zafar S., Aqil F. and Ahmad I., Metal tolerance and
biosorption potential of filamentous fungi isolated from
metal contaminated agricultural soil, Bioresour. Technol.,
98, 2557-2561 (2006)

Sosak-"Swiderska B., The soil fungi communities and risk
assessment of heavy metal contaminated soils management,
Geophysical Research Abstract, 12, 14357 (2010)

Faryal R., Sultan A., Tahir F., Ahmed S. and Hameed A.,
Biosorption of Lead by Indigenous Fungal Strains, Pak. J.
Bot., 39(2), 615-622 (2007)

Ahmad I., Zafar S. and Ahmed F., Heavy metal biosorption
potential of Aspergillus spp. And Rhizopus sp., isolated
from wastewater treated soil, J. Appl.Sci. Environ. Manag.,
9(1),123-126 (2005)

Paraszkiewicz K., Kanwal A. and Dtugonski J., Emulsifier
production by steroid transforming filamentous fungus
Curvularia lunata. Growth and product characterization, J.
Biotechnol., 92, 287-294 (2002)

International Science Congress Association

26.

27.

28.

29.

30.

31.

32.

33.

Int. Res. J. Biological Sci.

Igbal M. and Edyvean R.G.J., Biosorption of lead, copper
and zinc ions on loofa sponge immobilized biomass of
Phanerochaete chrysosporium, Miner. Eng., 17, 217-223
(2004)

Goksungur Y., Uren S. and Giivent U.,Biosorption of
cadmium and lead ions by ethanol treated waste baker’s
yeast biomass, Bioresour. Technol., 96, 103—109 (2005)

Melgar M.J., Alonso J. and Garcia M.A.,Removal of toxic
metals from aqueous solutions by fungal biomass of
Agaricus macrosporus. Sci. Total. Environ., 385, 12—-19

(2007)

Mungasavalli D.P., Viraraghavan T. and Jin Y., Biosorption
of chromium from aqueous solutions by pretreated
Aspergillus niger: Batch and column studies, Colloids Surf.
A. Physicochem.Eng. Asp., 301, 214-223 (2007)

Srivastava K.P. and Singh V. K., Impact of Air-Pollution
on pH of soil of Saran, Bihar, India, Res. J. Recent Sci.,
1(4),9 -13 (2012)

Parikh A.N. and Mankodi P.C., Limnology of Sama Pond,
Vadodara City, Gujarat, Res. J. Recent Sci., 1(1), 16-21
(2012)

Patil S.G., Chonde S.G., Jadhav A.S. and Raut P.D., Impact
of Physico chemical characteristics of Shivaji University
lakes on Phytoplankton communities, Kolhapur, India,
Res.J. Recent Sci., 1(2), 56-60 (2012)

Hassan M.M., Alam M.Z. and Anwar M.N., Biodegradation
of Textile Azo Dyes by Bacteria Isolated from Dyeing
Industry Effluent, Int. Res. J. Biological Sci., 2(8), 27-31
(2013)



