
Vol.:(0123456789)1 3

Bulletin of Environmental Contamination and Toxicology (2020) 105:645–649 
https://doi.org/10.1007/s00128-020-02979-7

Absorption and Reduction of Chromium by Fungi

D. V. Sriharsha1 · R. Lokesh Kumar1 · Savitha Janakiraman1

Received: 13 March 2020 / Accepted: 22 August 2020 / Published online: 1 September 2020 
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
Biosorption has gained increased attention as a reliable and proven technology for the remediation of industrial effluents 
rich in chromium. The present study was planned to isolate potential fungi from effluents contaminated sites and assess their 
efficiency for the absorption and reduction of chromium. Two species of Aspergillus and a species of Trichoderma which 
were isolated from contaminated sites and exhibited resistance to 10 mM of chromium on agar were chosen for the study. A 
biosorbent was designed by growing these fungal isolates on luffa sponge under shaken condition. The absorption and reduc-
tion of chromium, by the designed biosorbent was determined by Atomic Absorption Spectrophotometry and UV Visible 
Spectrophotometer. Actively growing fungi on luffa sponge showed better absorption (21%–25%) and reduction (28%–35%) 
capacity when compared to heat killed biosorbent in all fungi tested within 24 h of incubation. Interestingly, there was a liner 
increase in the absorption and reduction (85%–100%) of chromium by the biosorbent designed by using A. niger.
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Chromium being one of the toxic heavy metals which is 
often used as a raw material in various industries such as 
electroplating, tanning, metal finishing, petroleum refining, 
wood processing, nuclear power plant, textile and auto-
mobile parts (Pal 1997; Smith et al. 2002). Even though 
chromium exists in various valence state, the most stable 
ones in the environment are in the form of trivalent (Cr-III) 
and hexavalent (Cr-VI) (Smith et al. 2002). Chromium in 
its trivalent form serves as a micro nutrients in human diet 
and is non-toxic, whereas, hexavalent form is reported for 
its toxicity having mutagenic, teratogenic and carcinogenic 
effect on human (Marsh and McInerney 2001). Removal of 
hexavalent chromium from the environment or its reduction 
to less harmful trivalent form is very much essential in the 
present scenario.

Conventional methods such as ion exchange, precipita-
tion, chemical reduction, electrolysis have been employed to 
reduce the Cr (VI) concentration in the effluent. Although, 
these techniques have proven effective in removing chro-
mium ions, they have their own significant disadvantages 

such as high cost, high energy requirement, and generation 
of secondary sludge which are often difficult to dewater, and 
these techniques might not work effectively as the concentra-
tion of metal ions falls below parts per million range (Brady 
and Tobin 1995).

Hence, there is always a need for the development of a 
low cost, effective and ecofriendly method to remediate the 
heavy metal pollution in the environment. In recent days, 
biosorption by microbes has been suggested to be a potential 
alternative method to the conventional techniques for the 
removal of chromium (Bishnoi and Garima 2005). Among 
the microorganisms, fungi have gained much interest, due to 
its large surface area and cellular composition which play a 
significant role in metal binding (Smily and Sumithra 2017). 
Fungi being fragile, its application in industries are limited. 
These limitations are overcome by entrapping the fungal bio-
mass within an inert material. In recent days, application of 
natural agro-waste material, the luffa sponge (the dried fruit 
of Luffa cylindrica), is in limelight to immobilize fungal 
hyphae (Iqbal and Edyvean 2007) due its fibrous network.

The present study reports the efficiency of Aspergillus 
niger, Aspergillus terreus and Trichoderma longibrachia-
tum immobilized on luffa sponge, in absorbing and reducing 
hexavalent chromium.
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Materials and Methods

Soil, water and sewage samples were collected from vari-
ous metal contaminated sites across South India (Hemam-
bika et al. 2011). For the initial isolation of chromium 
resistant fungi, the collected samples were screened on 
Potato Dextrose Agar (PDA) medium amended with 5 mM 
of chromium (K2Cr2O7- Sigma), by serial dilution and 
standard spread plate methods (Shazia et al. 2013). These 
plates were incubated at 28°C for 6 days. Fungi grown 
on these plates had tolerance to chromium up to 5 mM. 
Resistant fungal isolates were identified both by character-
izing the morphology, microscopic structures and further 
confirmed by molecular methods by gene sequencing the 
ITS regions of the ribosomal DNA (rDNA) (Iskandar et al. 
2011).

The isolates exhibiting resistance to 5 mM of chromium 
were further tested for their metal tolerance towards higher 
concentration of chromium (5–50 mM) on PDA plates by 
agar well diffusion method (Hemambika et al. 2011). The 
inoculated plates were incubated at 28°C for 6 days. The 
fungal isolates grown on these plates were considered to 
be tolerant to higher concentration of chromium and pre-
served for future use.

The selected fungal isolates were mass cultured by 
inoculating them in Potato Dextrose Broth and growing 
under shaken condition for 4 days at 37°C. The fungal mat 
separated and repeatedly washed with deionized water to 
remove the media content, dried at 60°C for 24 h. Both 
metabolically active and inactive biomass were used for 
present study.

The selected fungal isolates were immobilized on luffa 
sponge (Luffa cylindrica) discs as described by Iqbal and 
Edyvean (2007). Both metabolically active and inactive 
immobilized fungal isolates were used to evaluate their 
absorption and reduction of chromium.

Different concentration of chromium (1–10 mM) were 
dissolved in 100 mL double distilled water and sterilized. 
Five grams of free/immobilized and metabolically active/
inactive fungal biomass were mixed with sterile metal 
solution under aseptic condition (Acosta-Rodríguez et al. 
2015; Morales-Barrera and Cristiani-Urbina 2008) and 
incubated for various period of time (1–25 days) at pH 7.0 
and temperature 37°C. The total chromium concentration 
was determined by Hydride Generation Atomic Absorp-
tion Spectrophotometry (HG AAS) (Visoottiviseth and 
Ponviroj 2007) and hexavalent chromium was determined 
by diphenylcarbazide method (Sukumar 2010).

The small cylindrical column (2 × 30 cm) was packed 
with 35 g of fresh biomass with the help of sterile dis-
tilled water. The air bubbles in the column were removed 
by passing 25 mL of sterile distilled water through the 

column (Murthy and Marayya 2011). The fungal biomass 
in the column was activated by passing through 50 mL 
of 0.5 mM chromium solution and was allowed to stand 
overnight. The column was run with 100 mL of 1 mM 
chromium solution at a flow rate of 3 mL/min. The run 
down samples were collected and the residual chromium 
concentration was measured.

The changes in the vibrational frequency of the functional 
group on the surface of the free and immobilized fungal 
biomass was determined by Fourier transform infrared spec-
troscopy (FTIR). Infrared spectra were obtained by placing 
the homogenous mixture of KBr (1 g) and 2% of biosorb-
ent (before and after biosorption) along with mineral oil in 
between the KBr plates of Fourier Transformer Infrared 
Spectrometer- (Perkin Elmer- Spectram two, USA). The 
obtained spectrum was compared with a reference library 
to identify the functional groups.

The surface morphology of untreated and chromium 
treated fungal biomass was observed under Scanning Elec-
tron Microscope (SEM- LEICA LEO 440, Germany). About 
0.1 g of designed biosorbent (fungi immobilized on luffa 
sponge) was mounted on double sided tape and placed on a 
special stage of SEM (X-MAS 20 mm 2, Cambridge, UK). 
The samples were coated with a thin layer of gold to avoid 
sputtering. The scanning electron micrograph of the samples 
was obtained at ×100 magnification.

Data were subjected to Students’s “t-test” using GraphPad 
Prism 8 statistical program. Difference between means were 
considered significant at values of P < 0.05.

Results and Discussion

Twenty different fungal isolates belonging to various genera 
exhibited their resistance towards 5 mM of Chromium dur-
ing initial round of screening. These isolates were further 
subjected to second round of screening by increasing the 
metal concentration. The results clearly showed that three 
species, namely Aspergillus niger, Aspergillus terreus and 
Trichoderma longibrachiatum were resistant to 10 mM of 
chromium (Fig. 1). Ezzouhi et al. (2009) reported that iso-
lates of Penicillium and Aspergillus exhibited resistance to 
10–15 mM of chromium on agar medium whereas, Zafar 
et al. (2007) reported that isolates of Aspergillus were resist-
ant to 6 mM of chromium in their studies.

The absorption and reduction of the chromium by meta-
bolically active/ inactive and free/immobilized fungal bio-
mass were evaluated by mixing with various concentration 
of chromium solution (1–10 mM). The results clearly indi-
cated that immobilized fungal biomass which is metaboli-
cally active was performed better in absorbing and reducing 
the chromium than the other forms.
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The biosorbent prepared with A. niger (immobilized on 
luffa sponge) was selected for further study as it exhibited 
better absorption and reduction of chromium when com-
pared to the biosorbent materials prepared with A. terreus 
and T. longibrachiatum. The biosorbent prepared with A. 
niger was able to absorb 98.9% of chromium from 1 mM 
solution of chromium. However, its absorption efficiency 
was reduced to 29% when increasing metal ions up to 
10 mM at 24 h of incubation period (Fig. 2). At lower metal 
ion concentration in the solution, the metal ions interact with 
the binding sites present on the cell wall of the biosorbent 
material facilitating the maximum absorption, whereas at 
higher concentration more metal ions are left un- absorbed 
in the solution due to the saturation of the metal binding 
biosorbent material.

Time plays a crucial role in absorption or reduction of 
chromium ion by the designed biosorbent. As the metal ion 
concentration increases to 10 mM from the basal concen-
tration (1 mM) the time taken for its absorption and reduc-
tion was also increased. The designed biosorbent effectively 
reduced hexavalent chromium within 25 days of incuba-
tion period. Liu et al. (2007) reported that biosorption of 

chromium in Mucor racemosus occurred in three differ-
ent phases. During the first phase, 50% of metal ions were 
sequestered from a solution of 100 mg/L of chromium. The 
second phase is the slow process where Cr (III) start to 
appear in the solution within 1–8 h of contact time in the 
solution and at last phase the total Cr (VI) were removed 
completely within 24 h of contact time.

However, in the present study, 50% reduction of chro-
mium was attained within 5 days of incubation period from 
a solution of 10 mM concentration and further reduction 
continued in a much slower rate till 25 days (Fig. 3). Morales 
and Cristiani (2008) isolated Trichoderma inhamatum from 
tannery effluent, which brought about complete reduction of 
hexavalent chromium from a solution of 2.4 mM concentra-
tion within 8 days of incubation period.

It was observed that, the activated cells were able to 
absorb 66% of chromium and effectively reduced 31% of 
hexavalent chromium (Fig. 4). However, Mungasavalli et al. 
(2007) reported that A. niger immobilized in a polysulfone 
matrix effectively absorbed 90% of chromium from a solu-
tion of concentration 10 mg/L with in 11 min of contact 
time, which is much lesser than in A. niger isolated in the 
present study.

Fig. 1   Fungal organisms exhibiting resistance to 10 mM of chromium: a Aspergillus niger, b Aspergillus terreus and c Trichoderma longibra-
chiatum 
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Fig. 2   Effect of initial metal ion concentration on absorption and 
reduction of chromium by immobilized biomass- A. niger [Results 
are expressed as mean ± SD (n = 3)]
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Fig. 3   Effect of time on absorption and reduction of Chromium by 
immobilized biomass- A. niger [(Results are expressed as mean ± SD 
(n = 3)]
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The functional groups involved in the absorption of the 
metal ion was determined by FTIR analysis. The FTIR 
spectra of the immobilized fungal biomass was obtained 
before and after the absorption process. The results showed 
significant variation in the surface area of the functional 
groups after absorption of chromium.

The band around 3430 cm −1 is indicative of the exist-
ence of the –OH and –NH groups, whereas the C=O groups 
stretching at the band 1500 cm−1 demonstrated the presence 
of –COOH. The band in 1440 cm−1 is representative of –CH 
stretching including –CH3 and CH2 functional groups attrib-
uted to fatty acids found in fungal membrane phospholipids. 
The band in the region of 1220 cm −1 is the indication of 
C–OH bond (Fig. 5). It is well documented that fungal cell 
wall is composed of chitin molecules- long chain polymer 
of N-acetylglucosamine. The identified functional groups, 
(i.e.) –OH, –NH and –CH, in the present study provide fur-
ther evidence that these groups are among few of the main 
constituents of N- acetylglucosamine, the main component 
of fungal cell wall.

The surface morphology of the designed biosorbent and 
its absorption efficiency was further determined by Scanning 
electron microscopic study. The micrograph of the untreated 
designed biosorbent revealed a uniform and luxuriant growth 
of fungi along the surface of the fibrous network of the luffa 
sponge (Fig. 6a). However, the surface morphology of the 
treated biosorbent material was altered with the deposition 
of chromium on the entire surface of the designed biosorbent 
material validating the efficacy of absorption of chromium 
by A. niger grown on luffa sponge (Fig. 6b).

Industrial effluents have been contributed to contami-
nate environmental components with various heavy met-
als. Microbes thriving in such components are well adopted 
with available nutrients by developing a variety of resistance 
mechanisms. The present study was focused on exploiting 
such microbes (fungi) having resistance for a heavy metal, 
chromium, by isolating from various metal-contaminated 
environmental samples. Among them, a filamentous fun-
gus, Aspergillus niger, was identified as one such potential 
microbe showing high resistance for chromium. This fungus 
was exploited further by immobilizing its filamentous myce-
lium on an agro-waste material, luffa sponge. This intricately 
designed “biosorbent” showed increased level of absorp-
tion and reduction of chromium when compared with that of 
free fungal biomass at optimized conditions. This laboratory 

Fig. 4   Absorption and reduction of chromium by A. niger in continu-
ous column method [(Results are expressed as mean ± SD (n = 3)]

Fig. 5   FTIR spectra of A. niger a) before, b) after biosorption of chro-
mium

Fig. 6   SEM micrographs showing surface morphology of A. niger a The fungi showing profuse growth on the surface of the luffa discs, b depo-
sition of chromium on the surface of fungal mycelia
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based preliminary work presented here can further be carried 
forward to treat large scale industrial effluents.
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