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Abstract- Chromium as a toxic heavy metal is of major concern due to the various health effects on human and as a pollutant to environ-
ment. Chromium makes land desolate by forming toxic soluble chromium compounds in soil and water bodies. At present various microor-
ganisms are used for bioremediation of chromium from soil and water bodies. The aim of present work was to bioremediate chromium from
synthetic solutions by a white rot fungus Phanerochaete chrysosporium (MTCC787) using in form of viable cells, microbial biosorbent (dried
cells) and immobilised cells at different physical parameters i.e. pH, temperature and medium with substrates like Citric acid, Tween 80 and
EDTA.
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Introduction due to exposure of Chromium. [10,11] Cr (lll), on the other hand,

Heavy metal contamination is one of the most significant environ-
mental issues, since metals are highly toxic to biota, as they have
tendency to accumulate in environment and decrease metabolic
activity by unbalancing the ratio of microbial biomass over organic
carbon and metabolic quotient 1] and they affect the qualitative
and quantitative structure of microbial communities [2-5]. In recent
years, the chromium heavy metal pollution becomes a serious
and hazardous issue for the human being and biome. The wide-
spread use of chromium and its compounds by modern industries
has led to large quantities of this element being released into
environments [6,7]. Chromium exists in a variety of oxidation
states from 0 to 16 but only hexavalent chromium, Cr (VI), and
trivalent chromium, Cr (1ll), are major concern due to hazardous
effect on lithosphere and hydrosphere [8]. It is mutagenic, carcino-
genic, and teratogenic, Cr (V1) is about 100-fold more toxic than
the trivalent form [9,10]. In United States and Germany, the work-
ers of Chromium -producing industries suffered with Lung Cancer

is considered to be relatively innocuous and even essential to
human health in minute quantities[12,13]. Among the different
heavy metals, chromium have received special attention due to
their strength and persistence in accumulating in ecosystems,
where it can cause damage by moving up the food chain to finally
accrue in human beings. (Fig. 1) [14-16].
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Fig. 1- Accumulation of Chromium through the food chain
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Chromium discharged in industrial processes such as wood pre-
serving, metal finishing, Petroleum refining, leather tanning and
finishing, paint and ink formulation, manufacturing of automobile
parts, mining and surface finishing industry, metallurgy, iron and
steel, electroplating, electrolysis, electro-osmosis, photography
and electric appliance manufacturing [17-20]. The wastes of these
industries containing chromium released directly and indirectly in
to environment, having brought serious environmental pollution,
and threat to biolife. Several fungi and bacteria has been used for
the remediation of chromium like Aspegillus awamori, Aspergillus
flavus, Trichoderma viridae, Pseudomonas sps., Pleurotus sps,
marine algae (e. g. Sargassum natans), Bacillus subtillis, Rhizo-
pus arrhizus and S. cerevisae [21-24]. These microorganism used
as a bioremedient in form of living cells, dry cells and immobilized
cells and as a bioremedent they are safe alternative for the physi-
cochemical methodologies. Earlier, White rot fungi i.e. Pleurotus
have been used to degrade xenobiotic pollutants due its ability to
degrade lignin, a polymer in plants. [25,26]. In the same way
Phanerochaete chrysosporium have manganese peroxidase,
lignin peroxidase and laccase enzymes which can helpful in de-
grading structural polymer in plant and because of this they help-
ful in degradation of xenobiotic pollutants [27] and various hazard-
ous aromatic compounds in industrial effluents [28,29]. In present
study, a comparative study on white rot fungus (Phanerochaete
Chrysosporium ) used for the removal of Chromium from the forti-
fied solutions at different physical parameters i.e. pH, temperature
and medium with the different substrate i.e. citric acid, Tween 80
and EDTA to check the enhancement of bioremediation process
of chromium under laboratory conditions with three methodologies
i.e. viable cells, microbial biosorbent and immobilized cells.

Materials and Methods

Phanerochaete chrysosporium (MTCC787) was collected from
MTCC, IMTECH, Chandigarh, India in Lyophilized form and rehy-
drated by using a Pasteur pipette to add 1 ml sterile water to the
freeze-dried pellet then drawn up the entire contents into the pi-
pette and transferred to a test tube with 5 ml sterile distilled water.
The fungus was rehydrated for a period of 2 hrs. Then transferred
to sterilized malt extract broth and malt extract agar and incubated
at the 40°C temperature as given by the MTCC Chandigarh, India.
All glassware used for experimental purposes was washed in 10%
nitric acid to remove any possible interference by other metals
and autoclaved. The media prepared was autoclaved. After 72 hrs
of incubation growth appeared, culture was microscopically ob-
served for purity by staining with methylene blue dye.

Preparation of Reagents

1.0 gm of 1-5 Di phenyl carbazide was added in 200 ml of acetone
and stored in dried brown colored bottle [30]. Freshly prepared
solution was used.

Preparation of chromium solution

282.4 mg of Potassium dichromate was added in 100 ml of dis-
tilled water and sterilized at standard condition [30]. The concen-
tration of the Cr (VI) was 1000 ppm in the stock solution. For the
test solution, 0.1 ml of the stock solution was added in the 0.9 ml
of the medium broth then the final concentration of Cr (VI) was
become 100 ppm in the test tube.

Preparation of substrates used as bioremediation enhancer
EDTA Solution- For the preparation of 1M EDTA solution, 21.04
g of EDTA was added in 78.6 ml of distilled water.

Tween 80 Solution- For the preparation of 1% Tween 80 solution,
10 ml of Tween 80 was added in 90ml of distilled water.

Citric Acid Solution- For the preparation of 0.2M of Citric acid
solution, 7.3 g of Citrate was added in 92.7 ml of distilled water.

Uptake of Chromium by White Rot Fungus from Synthetic
Solutions

Fungal Biosorbent

The culture was grown at 40°C harvested and dried in the hot air
oven for 24 hrs at 60°C [31]. The dried culture weighing 0.2 gms
and placed with the test broth i.e. basal salt and malt extract broth
prepared by distilled water, 1M Citric acid, 0.2M EDTA and 1%
Tween-80 separately at different pH containing chromium solution
with control in separate test tubes and incubated at 37°C and 40°
C for 72hrs and centrifuged at 5000 rpm for 10 min and then su-
pernatant taken for the analysis by Di phenyl carbazide method
for chromium at 540 nm.

Fungal Viable Cells

In this process the loop full culture of Phanerochaete chrysospori-
um was taken in the test tube containing the basal salt liquid me-
dium prepared with distilled water, 1M citric acid, 0.2M EDTA and
1% Tween-80 separately with dichromate solution in it at different
pH 2, 4, 7, 9, 12 and another test tubes as a control. Then these
test tubes incubated at room temperature and at 40°C for 72hrs.
After 72 hrs the test tubes centrifuged at 5000 rpm for 10 min. and
supernatant taken for the analysis by Di phenyl carbazide method
for chromium and absorbance was taken at 540 nm in UV - Visible
spectrophotometer (Hitachi U-2900).

Fungal Immobilised Cells

In this process the slurry of culture prepared with sodium alginate
and poured drop by drop in a 0.1M calcium chloride solution. After
formation of beads, it poured in test tubes of different pH contain-
ing broths with substrates and dichromate solution and placed at
room temperature at 40°C and control in the separate test tubes.
After 72 hrs, Chromium absorbance checked at 540 nm by Di
phenyl carbazide method.

All the experiments were conducted in ftriplicates and verified
twice.

Calculations

The percentage removal of chromium from fortified solutions was
calculated. Percentage removal of chromium is equal to 100 - (A/
Bx100) where A is optical density of test solution (containing fun-
gus) and B is optical density of control solution.

Results and Discussion
Bioremediation of chromium (V1) was studied using biomass ob-
tained from Phanerochaete chrysosporium.

Observations of Bioremediation at Room Temperature and
40°C with Viable Cells at Different pH

In Basal Salt Broth- At pH 2, Chromium was removed 11.02%
with distilled water, 10.52% with citric acid, 35.2% with EDTA and
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61.86% with Tween 80 at room temperature (Fig. 2a). While at
40°C, with distilled water 46.1%, 28.8% with citric acid, 42.3%
with EDTA and 57.33% with Tween 80 (Fig. 2a). At pH 4, Chromi-
um was 38.3% removed in distilled water, 13.88% with citric acid,
11.59% with EDTA and 40.82% with Tween 80 at room tempera-
ture (Fig. 2b). On the other hand, at 40°C, 30.9% with distilled
water, 28% with citric acid, 32.2% with EDTA and 42.3% with
Tween 80 (Fig. 2b). At pH 7, Chromium was 29.2% removed with
distilled water, 68.08% with citric acid, 16.43% with EDTA and
41.98% with Tween 80 at room temperature (Fig. 2c).

While at 40°C, 10.3% with distilled water, 72% with citric acid,
20% with EDTA and 59% with Tween 80 (Fig. 2c). At pH 9, per-
centage removal of chromium was 39.5% with distilled water,
14.2% with citric acid, 10.3% with EDTA and 69.86% with Tween
80 at room temperature (Fig. 2d). While at 40°C, 15.9% with dis-
tilled water, 14% with citric acid, 9% with EDTA and 65.4% with
Tween 80 (Fig. 2d). At pH 12, Chromium was removed 19.2% in
distilled water, 12.3% in citric acid, 19.3% with EDTA and 58.2%
in Tween 80 at room temperature (Fig. 2e). While at 40°C, 33.3%
with distilled water, 18.2% with citic acid, 17.1% with EDTA and
60.8% in Tween 80 solution (Fig. 2e).
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Fig. 2a- Removal of Chromium in Basal salt broth at pH 2 by Via-
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Fig. 2b- Removal of Chromium in Basal salt broth at pH 4 by via-
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Fig. 2c- Removal of Chromium in Basal salt broth at pH 7 by Via-
ble cells.
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Fig. 2d- Removal of Chromium in Basal salt broth at pH 9 by Via-
ble cells.
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Fig. 2e- Removal of chromium in basal salt broth at pH 12 by
viable cells

In Malt extract broth- At pH 2, Chromium was bioremediate
33.3% with distilled water, 20.77% with citric acid, 26.08% with
EDTA and 40% with Tween 80 at room temperature (Fig. 3a). On
the other hand at 40°C, with distilled water 22.8%, with citric acid
57%, with EDTA 18.52% and 77.3% with Tween 80 (Fig. 3a). At
pH 4, Chromium was removed 47.3% with distilled water, 10.41%
with citric acid, 17.33% with EDTA and 35.48% with Tween 80 at
room temperature (Fig. 3b). At 40°C, the percentage removal of
chromium was 27.4% with distilled water, 34.5% with citric acid,
26.6% with EDTA and 59.03% with Tween 80 (Fig. 3b). At pH 7,
the percentage removal of chromium was 44.1% with distilled
water, 10.34% with citric acid, 48.18% with EDTA and 22.85%
with Tween 80 at room temperature (Fig. 3c). While at 40°C,
74.4% with distilled water, 20.01% with citric acid, 42.1% with
EDTA and 44% with Tween 80 (Fig. 3c). At pH 9, the percentage
removal of chromium was 57.7% with distilled water 17.85% with
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citric acid, 1.8% with EDTA and 5.88% with Tween 80 at room
temperature (Fig. 3d).
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Fig. 3a- Removal of Chromium in Malt extract broth at pH 2 by

Viable cells.
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Fig. 3b- Removal of Chromium in Malt extract broth at pH 4 by

viable cells.
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Fig. 3c- Removal of Chromium in Malt extract broth at pH 7 by

Viable cells.
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Fig. 3d- Removal of Chromium in Malt extract broth at pH 9 by
Viable cells.

While at 40°C, 28% with distilled water, 21% with citric acid,
9.11% with EDTA and 25.3% with Tween 80(Fig.3d). At pH 12,
percentage removal of chromium was 36.3% in Distilled water,
16.9% in citric acid, 12.8% in EDTA and 7.9% in Tween 80 at
room temperature (Fig.3e). On the other hand at 40°C, 26.6% in
distilled water, 26.5% in citric acid, 19.2% in EDTA and 28.5% in
Tween 80 (Fig.3e).
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Fig. 3e- Removal of chromium in malt extract broth at pH 12 by
viable cells

From the above findings it was cleared that at pH 2, viable cells in
Tween 80 containing solution of malt extract medium showed
better absorption of chromium (VI) at 400c then other fortified
solutions. The reason behind this is at low pH due to the formation
of more active sites on overall surface on fungal cell which in-
creased adsorption and surfactant i.e. Tween 80 helpful in en-
hancement of chromium adsorption. In earlier studies, Aspergillus
sp. N2 reduced 74% of Cr (V1) and Penicillium sp. N3 removed
only 35% Cr (VI) at neutral pH. While in acidic pH Aspergillus sp.
N2 was able to reduce 20% Cr (V1) from solution while Penicillium
sp. N3 was reduce 93% of Cr (VI) from the solutions [32].

The physical and chemical research on the biosorbent demon-
strated that the presence of polysaccharide and acidic functional
groups on the fungus cell surface is more effective than the other
parameters in other to the Cr (VI) ion removal.

Observation of Bioremediation at room temperature and 40°C
with dried cells at different

pH

In Basal salt broth- At pH 2, the percentage removal of chromi-
um was 97.9% with distilled water, 82.20% with citric acid, with
EDTA 80% and 97.42% with Tween 80 at room temperature (Fig.
4a). While at 40°C, 98.4% with distilled water, 85.3% with citric
acid, 89.1% with EDTA and 98.2% with Tween 80 (Fig. 4a). At pH
4, Chromium was removed 94.2% with distilled water, 58.33%
with citric acid, 55.5% with EDTA and 75.21% with Tween 80 at
room temperature (Fig. 4b). While at 40°C, 99.5% with distilled
water, 55% with citric acid, 68.2% with EDTA and 83.33% with
Tween 80 (Fig. 4b). At pH 7, Chromium was removed 96.7% with
distilled water, 45% with citric acid, 8.62% with EDTA and 94.04%
with Tween 80 at room temperature (Fig. 4c). At 40°C, 99.71%
with distilled water, 18.5% with citric acid, 10.6% with EDTA and
95% with Tween 80 (Fig. 4c). At pH 9, the percentage removal of
chromium was 80.3% with distilled water, 17.9% with citric acid,
26.26% with EDTA and 42.1% with Tween 80 at room tempera-
ture (Fig. 4d). At 40°C, 98.7% with distilled water, 18.5% with citric
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acid, 25.6% with EDTA and 62% with Tween 80 (Fig. 4d).
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Fig. 4c- Removal of Chromium in Basal salt broth at pH 7 by

Dried cells.
120 ——37°C
40°C
100
30
™ 60
R
10 /
20 y—
0
DW CcA EDTA TwWS0
SUBSTRATE—>

Fig. 4d- Removal of Chromium in Basal salt broth at pH 9 by

Dried cells.

At pH 12, percentage removal of chromium was 82% in distilled
water, 20.2% in citric acid, 30% in EDTA and 38% in Tween 80 at
room temperature (Fig. 4e). while at 40°C, 97.1% in distilled wa-
ter, 22.5% in citric acid, 26.7% in EDTA and 72.1% in Tween 80
solution (Fig. 4e).
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Fig. 4e Removal of chromium in Basal salt broth at pH 12 by
Dried cell.

In Malt extract broth- At pH 2, Chromium was removed 66.6%
with distilled water, 53.33% with citric acid, 36.3% with EDTA and
60.1% with Tween 80 at 40°C (Fig. 5a). while at room tempera-
ture with distilled water 12.5%, 53.52% with citric acid, 28.57%
with EDTA and 82.5% with Tween 80 (Fig. 5a). At pH 4, chromium
was removed 59.2% with distilled water, 12.76% with citric acid,
12.5% with EDTA and 90.9% with Tween 80 at room temperature
(Fig. 5b). At 40°C, 78% with distilled water, 66.6% with citric acid,
16.5% with EDTA and 87.5% with Tween 80 (Fig. 5b). At pH 7,
Chromium was removed 20.5% with distilled water, 44.18% with
citric acid, 8.13% with EDTA and 76% with Tween 80 at room
temperature (Fig. 5¢). At 40°C, 75% with distilled water, 52.2%
with citric acid, 18.9% with EDTA and 79% with Tween 80 (Fig.
5¢). At pH 9, Chromium was removed 63.1% with distilled water,
43.9% with citric acid, 1.19% with EDTA and 99.1% with Tween
80 at room temperature (Fig. 5d). At 40°C, 80% with distilled wa-
ter, 46.5% with citric acid, 8.19% with EDTA and 99.84% with
Tween 80 (Fig. 5d). At pH 12, percentage removal of chromium
was 24.4% in distilled water, 40.1% in citric acid, 5.9% in EDTA
and 82.5% in Tween 80 solution at room temperature (Fig. 5e).
While at 40°C, 20% in distilled water, 41.1% in citric acid, 12.7%
in EDTA and 98.01% in Tween 80 solution (Fig. 5e).
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Fig. 5a- Removal of Chromium in Malt extract broth at pH 2 by
Dried cells.
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Fig. 5b- Removal of Chromium in Malt extract broth at pH 4 by
Dried cells.
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Fig. 5d- Removal of Chromium in Malt extract broth at pH 9 by

Dried cells.
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Fig. 5e- Removal of chromium in Malt extract broth at pH 12 by
Dried cells

From the above results it was cleared that biosorbent cells shows

better results at neutral and basic pH. In present study at pH 9,
dried cells in Tween 80 containing malt extract agar medium
shown better adsorption capacity then other fortified solutions at
400c temperature. And also these dried cells shown good results
in distilled water at neutral pHs. Earlier, It has been also reported
that biosorption capacities are pH sensitive and the biosorption
increases as alkalinity of the solution increases [33]. Earlier, Mi-
crococcus luteus also shows the same trend with copper and lead
and the reason behind this was the presence of negative charge
present on the fungal surface due to the functional groups which
helpful in binding of heavy metals [34]. Phanerochaete chryso-
sporium fungus species has a higher adsorption capacity com-
pared to the other microbial species due the spongy cell wall of
the fungus.

Observations of Bioremediation at room temperature and 40°
C with Immobilised cells at different pH

In Basal salt broth- At pH 2, the percentage removal of chromi-
um was 24.7% with distilled water, 40% with citric acid, 31.03%
with EDTA and 8.15% with Tween 80 at room temperature (Fig.
6a). On the other hand at 40°C, 14.4% with distilled water, 22.5%
with citic acid, 41.2% with EDTA and 20.5% with Tween 80 (Fig.
6a). At pH 4, the percentage removal of chromium was 30.6% with
distilled water, 35.5% with citric acid, 5.74% with EDTA and 3.33%
with Tween 80 at room temperature (Fig. 6b). At 40°C, 57% with
distilled water, 39% with citric acid, 12.7% with EDTA and 11.2%
with Tween 80 (Fig. 6b). At pH 7, the percentage removal of chro-
mium was 8.3% with distilled water, 27.27% with citric acid, 2.5%
with EDTA and 67.39% with Tween 80 at room temperature (Fig.
6c). At 40°C, 26.7% with distilled water, 6% with citric acid, 12.5%
with EDTA and 69.1% with Tween 80 (Fig. 6¢).
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Fig. 6a- Removal of Chromium in Basal salt broth at pH 2 by
Immobilised cells.
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Fig. 6b- Removal of Chromium in Basal salt broth at pH 4 by Im-
mobilised cells.
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Fig. 6¢- Removal of Chromium in Basal salt broth at pH 7 by Im-
mobilised cells.

At pH 9, the percentage removal of chromium was 17% with dis-
tilled water, 30.61% with citric acid, 20% with EDTA and 23.01%
with Tween 80 at room temperature (Fig. 6d). At 40°C, 39.03%
with distilled water, 32% with citric acid, 29% with EDTA and 33%
with Tween 80 (Fig. 6d). At pH 12, Percentage removal of chromi-
um was 13.04% in distilled water, 42% in citric acid solution,
98.2% in EDTA and 19.1% in Tween 80 solution at room tempera-
ture (Fig. 6e). On the other hand at 40°C, 80.3% in distilled water,
29.1% in citric acid, 33.4% in EDTA and 28% with Tween 80 solu-
tion (Fig. 6e).
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Fig. 6d- Removal of Chromium in Basal salt broth at pH 9 by Im-
mobilised cells.
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Fig. 6e- Removal of chromium in Basal salt broth at pH 12 by
Immobilised cells

In Malt extract broth- At pH 2, Chromium was removed 80% with
distilled water, 4.91% with citric acid, 1.88% with EDTA and
64.51% with Tween 80 at room temperature (Fig. 7a). While at
40°C, 75% with distilled water, 11.12% with citric acid, 8.11% with

EDTA and 68.4% with Tween 80 (Fig. 7a). At pH 4, the percent-
age removal of chromium was 64.7% with distilled water, 12%
with citric acid, 2.89% with EDTA and 29.41% with Tween 80 at
room temperature (Fig. 7b). At 40°C, 53.3% with distilled water,
27.3% with citric acid, 7.3% with EDTA and 35.6% with Tween 80
(Fig. 7b). At pH 7, the percentage removal of chromium was
72.7% with distilled water, 19.23% with citric acid, 16.07% with
EDTA and 20% with Tween 80 at room temperature (Fig. 7c). At
40°C, 57.1% with distilled water, 20% with citric acid, 15.5% with
EDTA and 39.5% with Tween 80 (Fig. 7c). At pH 9, Chromium
was 85.7% removed with distilled water, 11.11% with citric acid,
60.41% with EDTA and 94.13% with Tween 80 at room tempera-
ture (Fig. 7d). On the other hand at 40°C, the percentage removal
of chromium was 44% with distilled water, 12.3% with citric acid,
68.4% with EDTA and 84.4% with Tween 80 (Fig. 7d).
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Fig. 7a- Removal of Chromium in Malt extract broth at pH 2 by
Immobilised cells.
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Fig. 7b- Removal of Chromium in Malt extract broth at pH 4 by
Immobilised cells.
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Fig. 7c- Removal of Chromium in Malt extract broth at pH 7 by
Immobilised cells.
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Fig. 7d- Removal of Chromium in Malt extract broth at pH 9 by
Immobilised cells.
At pH 12, percentage removal of chromium was 46.1% in distilled
water, 9.9% in citric acid, 65.2% in EDTA and 88.1% in Tween 80
solution at 40°C (Fig. 7e). While at room temperature, 27.2% with
distilled water, 16.1% in citric acid, 55.2% in EDTA and 86.2% in
Tween 80 solution (Fig. 7e).
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Fig. 7e- Removal of chromium in Malt extract broth at pH 12 by
Immobilised cells

From the above results it was cleared that the immobilized cells
showed abrupt results for the chromium adsorption. Immobilized
cell at room temperature shown better adsorption of chromium at
basic pH with basal salt medium containing EDTA. While in malt
extract medium, immobilized cells shown good adsoption in basal
salt medium containing Tween 80 at room temperature. In some
results citric acid solution also had shown good results with immo-
bilized cells.

In earlier studies various fungus like Aspergillus niger (Kumar and
Bishonoi, 2008), Penicillium Janthinellum [35], Rhizopus arrhizus
[36], Aspergillus foetidus [37], Rhizopus nigricans [38] shows
91.03%, 86.61%, 49.79%, 97%, 80% removal of chromium re-
spectively. In one of the earlier study, the fungus, Ganoderma
lucidum was used as a desorption of chromium under different
substrate i.e. Distilled water, molasses, citrate, Tap water and
EDTA and in this study EDTA shows maximum removal of chromi-
um following molasses at pH 9 [39]. On the other hand, Tween 80
was used for the TNT mineralization by Phanerochaete chryso-
sporium and its shows better results as a enhancer substrate [40].
In the present study, the maximum removal was 99.7% with dis-
tilled water in basal salt broth at pH 7 under 40°C [49], with Citric
acid was 85.3%at pH 2 in basal salt broth under 40°C, with EDTA
was 89.1% at pH 2 in Basal salt broth under 40°C and with Tween
80 maximum removal was 99.84% at pH 9 in Malt extract broth

under temperature 40°C. Here, pH seems to be the most im-
portant parameter in the biosorption process: it affects the solution
chemistry of the metals, the activity of the functional groups in the
biomass and competition between metallic ions [16]. The Biosorp-
tion of Chromium depends upon the ions surrounding the fungal
cell during the uptake of metal ions. In present study, the viable
cells, dried cells and immobilized cell of Phanerochaete chryso-
sporium shows the difference in metal uptake capacity at different
range of pH and it is due to the ion exchange, electrostatic forces,
chelation, adsorption by physical forces and chemical complexa-
tion due to the pH effects. White rot fungus Phanerochaete chrys-
osporium is a comes under category of crust fungus and the opti-
mum temperature for growth for it is 40°C [41,42]. So, the varia-
tions in temperature shows the different results in case of Phan-
erochaete chrysosporium. A summary of compared results of
present study with the earlier study shown in (Table 1).

Table 1- Bioremediation of chromium by several fungal spp and
P. chrysosporium - a comparative study
Initial Conc. Percentage removal

Microorganism (Fungi) of Cr (V) of Chromium References
Marine Aspergillus niger 400 mgL-*  95.00 [43]
Aspergillus niger 30 mgL-! 91.03 [35]
Aspergillus sydoni 30 mgL-! 87.95 [35]
Penicillium janthinellum 30mgL-"  86.61 [35]
Aspergillus niger 10 mgL-! 63.00 [44]
Rhizopus arrhizus 200 ppm  49.79 [36]
Aspergillus niger 500 ppm  75.00 [45]
Rhizopus arrhizus 100 mgL!  73.98 [46]
Aspergillus foetidus 5 mgL-! 97 [37]
Rhizopus nigricans 100 mgL'* 80 [47]
Aspergillus species 100 mgLt 92 [48]
Phanerochaete chrysosporium 100 mgL'  48.6 [49]
Phanerochaete chrysosporium 100 ppm  99.7 [50]
MTCC787 100 ppm ~ 99.84 (Tween 80)  Present Study
Conclusions

From the study it was cleared that fungal dried cells (Biosorbent)
is better then the other methodologies i.e. viable cells and immobi-
lized cells and with Tween 80 fungal cells shows better biosorp-
tion to remediate the chromium from the synthetic solution in re-
spect to the distilled water, Citric acid and EDTA. As per the earli-
er studies it is clear that this fungus showing better results then
the other microorganism studied earlier for the bioremediation. In
future aspects, Phanerochaete chrysosporium MTCC787 can be
used to remediate the chromium contaminated sites and water
bodies and it is an inexpensive and effective biomass to bioreme-
diate the chromium.
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