
Health Scope. 2018 August; 7(3):e79962.

Published online 2018 June 11.

doi: 10.5812/jhealthscope.79962.

Research Article

Transformation and Stabilization of Lead and Chromium Using

Aspergillus sp. and Bio-charcoal Amendment
Santosh Kr. Karn 1, 2, *, Sharadhanshu Raj 2 and Neha Khatkar 2

1Department of Biotechnology, National Institute of Technology, Raipur (CG), India
2Department of Biochemistry and Biotechnology, Sardar Bhagwan Singh Post Graduate Institute of Biomedical Science and Research, Dehradun (UK)

*Corresponding author: Dr. Santosh Kr. Karn, Department of Biochemistry and Biotechnology, Sardar Bhagwan Singh Post Graduate Institute of Biomedical Science and
Research, Dehradun (UK). Tel: +91-7415077443, Fax. +91-7712254600, E-mail: santoshkarn@gmail.com

Received 2016 September 16; Revised 2016 November 23; Accepted 2016 December 15.

Abstract

Background: The threat of heavy metals such as Cr and Pb is already known; they have serious negative effects on animal and
human health and also persist for a long time in the environment, which is the reason they are frequently detected in soil and water
and efforts are made to convert them to nontoxic forms and stabilize them.
Objectives: The current study aimed at finding an efficient organism with high transforming capability of Cr and Pb and well sur-
viving ability to get back into the soil further, and adding biochar to stabilize the transformed metals.
Methods: The current study first dealt with Cr and Pb transformation by Aspergillus sp. in different concentrations and further ap-
plied to contaminated soil to treat contaminant, next untransformed metal from the soil was stabilized by bio-charcol amendment
provided from Pistia stratiotes leaves.
Results: The obtained results demonstrated that Aspergillus sp. could transform 96% of Cr and Pb at 40 mg/L. At 80 and 100 mg/L,
transformation was up to 87.22% and 74.87% for Cr and 76.52% and 68.12% for Pb by forming well biomass in malt extract medium.
Further application to soil containing 20 and 40 mg/kg of Cr and Pb respectively, Aspergillus sp. minimized significant quantities
of both metals in the exchangeable fraction; at 20 mg/kg there was almost no available form of metals, but at 40 mg/kg there was
about 5 mg/kg of Cr and about 3 mg/kg of Pb, but in the control, exchangeable form contained almost the same concentration about
17 mg/kg and 38.6 mg/kg of Cr and 18.6 mg/kg and 38.3 mg/kg of Pb were found. Further biochar was applied to Aspergillus sp. treated
soil and great impact was observed on the stabilization of metals and it also reduced the exchangeable fraction of metals.
Conclusions: Based on the obtained results, it can be concluded that the strains used in the current study efficiently transformed
the metals and biochar successfully stabilized metal at greater extent in the soil. Therefore, it is suggested as a considerably impor-
tant factor to treat metal contaminated sites in the environment.
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1. Background

Human activities such as mining and industries are
the major sources of heavy metals discharge into the en-
vironment. Up to certain instances, these metal concen-
trations increase gradually and accumulate into the living
system and cause toxic effects to the ecosystem. Heavy met-
als are currently of much environmental concern; espe-
cially Cr and Pb cause serious negative effects to environ-
ment, animal, and human health and concurrently persist
for a long time. Normally Cr exists in the environments
in two forms of Cr III and VI. Cr VI is very mobile and haz-
ardous to humans and seems to be highly toxic and can-
cerogenic, even at low concentrations, whereas Cr III is
comparatively less mobile, but still toxic (1). U.S. Environ-
mental Protection Agency (EPA) determines the regulation
of Cr, in total all the existing forms of Cr in the environ-
ment should be less than 2 mg/L. Different industries such

as leather, textile, mining, wood preservation, anticorro-
sion, power plant, nuclear plant, jet aircrafts etc. are im-
portant sources of Cr (2). Lead (Pb) is also recognized as
an emerging hazardous heavy metal; in nature, Pb exists
in two oxidation states of 0 or +2, however, Pb2+ is the most
reactive and common form of lead. Hundreds and thou-
sands of tons of lead are produced from lead smelting, elec-
tric battery manufacturing, and mining activities; internal
combustion engines (3) also release large amounts of con-
taminating leads that pollute soil and water. As per EPA
regulation, Pb concentration in water and soil should be
less than 15 and 50 µg/L (or µg/kg), respectively (4). Pb and
Cr are non-essential elements and toxic at lower concen-
trations and cause cell and tissue damage even cell death,
dysfunction of different organs, decrease fertility, respira-
tory diseases, etc. (5). Pb is considered as a serious pollu-
tant and included in the list of European Union for haz-
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ardous metals (6). Whereas Cr is listed in the United States
Food and Drug Administration (USFDA) (7). Considering
their toxicity, they should be removed or reduced in a con-
siderable amount of the waste before their disposal into
the environment. However, the industries employ several
methodologies based on the electrochemical and physio-
chemical methods to treat waste, but these methods are
not suitable for the remediation and heavy metals remain
in biological forms. Therefore, it is essential to search and
develop a method that can transform the contaminants
into less toxic form and not available in biological form.
Biological or biochemically mediated processes are more
attractive and cost-effective with several advantages over
the other methods (3, 6). Therefore, the current study se-
lected an efficient fungus, Aspergillus scleotiorum, to trans-
form the metals and further used biochar as a potential
stabilizer for them. Biochar amendments potentially re-
duce the bioavailability of heavy metals to enter the food
chain, possibly by means of physicochemical reactions and
adsorption (8). Biochar is an alkaline available in nature
and is produced by means of pyrolysis with the ability to
increase soil pH and stabilize the heavy metals. Numerous
studies previously confirmed that the biochar had enor-
mous potential to adsorb and fix the metals in the soil (8,
9). The addition of biochar to stabilize the metals in con-
taminated soils may provide a new route for the soil re-
mediation. Therefore, the current study used a biological
approach (Aspergillus sp.) to transform metals and further
stabilize them in the soil using biochar (prepared from Pis-
tia stratiotes) to make them biologically unavailable.

2. Methods

2.1. Collection of Strain

Aspergillus scleotiorum slants were collected from the
Department of Biotechnology, National Institute of Tech-
nology, Raipur (CG) India, and further subcultured repeat-
edly for five times on potato dextrose agar. Further, the
strain was used for the experimental purposes.

2.2. Growth, Resistance, and Metal Transformation at Shake
Flask Level

The responses were observed in 500-mL Erlenmeyer
flasks, closed tightly using cotton plug, incorporated with
100 mL of malt extract agar (MEA), and inoculated with As-
pergillus scleotiorum and were screened for their tolerance
to Cr and Pb. One week old mycelia discs (2 x 5 mm in-
oculum) cut from the actively growing mycelia were in-
oculated into different concentrations (10, 20, 40, 80, 100
mg/L) of metals (Cr and Pb) and further kept on a shaker at
120 rpm and 30°C. For the control non-inoculated samples,

MEA was used by the same concentrations and conditions.
Aspergillus scleotiorum inhibited more than 25% at 40 mg/L,
about 40% at 60 mg/L, and about 75% at 80 mg/L of both Cr
and Pb. The biomass were harvested after 10 days of incu-
bation, washed with distilled water, and the dry biomass
was measured.

The specific concentration of MEA was described (g/L):
malt extracts 20; dextrose 20; peptone 6, final pH 6.
Metal salts were filtered (Cr, Pb) and supplemented to
the medium after sterilization/autoclave. The required
MEA plates were prepared using 15 g/L agar. For inocu-
lum preparation, well-grown Aspergillus scleotiorum cul-
ture was taken, then centrifuged, and biomass was ob-
tained by rinsing two times by the fresh saline solution. Cr
and Pb transformation was monitored for 168 hours of in-
cubation by collecting 1 mL of the sample. Growth was ob-
served by means of biomass formation that was harvested
daily for seven days of incubation and their dry weight was
measured. Further sample was acidified using 1% HCl and
kept at 4°C and within seven days the atomic absorption
spectroscopy (AAS) was analyzed.

2.3. Inoculation/Remediation of Soil by Aspergillus scleotiorum

Farmland soil samples were collected from Raipur
(CG), India. Samples were air-dried, sieved, and sterilized
before use. The Cr and Pb remediation experiment was per-
formed in a beaker containing 200 g of soil supplemented
with Cr and Pb at two different concentrations of 40 and
60 mg/kg separately to observe Aspergillus sp. potential in
the soil. Cr VI and Pb II were mixed thoroughly into the
soil. The well-grown Aspergillus sp. was inoculated with
soil samples and the biomass was mixed carefully. Control
remediation studies were also conducted in a similar way
without adding biomass. The experiment was performed
at room temperature (30°C) and terminated in 10 days. Fur-
ther, Cr and Pb were extracted from different fractions (ex-
changeable, carbonate bound, Fe-Mn bound, oxide bound)
methods described by Tessier et al. (10), and the concentra-
tion was measured using an atomic absorption spectrom-
eter according to the above explained parameters and con-
ditions.

2.4. Preparation, Characterization, and Application of Biochar
in Batch Experiment

Biochar was prepared by means of pyrolysis at 350˚C.
For biochar, 200 g of the sample was placed in a ceramic
cup; the biochars used in the current study were obtained
from Pistia stratiotes leaves, by means of slow pyrolysis
methods, dried Pistia stratiotes leaves were kept in a ce-
ramic cup, and further incubated in a Muffle Furnace for
five to six hours at 350˚C, the method was described in de-
tails by Cao and Harris (11). The solid burnt material was
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obtained in black color as a biochar. The biochar was sep-
arately applied to Aspergillus-treated soil in order to stabi-
lize Cr and Pb. About 2 mm biochar was applied to the
soil. For this purpose, 10% biochar was added to the soil
sample and mixed properly and incubated for seven days.
Further, total Cr and Pb concentrations of the soil were
evaluated using the five-stage sequential extractions de-
scribed by Tessier et al. (10), which included the following
fractions: soluble/exchangeable, Fe-Mn bound, carbonate
bound, organic bound, and residual fraction.

2.5. Differential Extraction of Metals and Atomic Absorption
spectroscopy Investigation

Differential extraction of Cr VI and Pb was obtained
from the soil in five different soluble fractions, Fe-Mn
bound, carbonate bound, organic bound, and residual
fraction mentioned by Tessier et al. (10). Diphenylcar-
bazide method was used to estimate the Cr VI concentra-
tion. About 0.25 mL diphenylcarbazide solution was added
to 5 mL of the sample (the solution was prepared by dissolv-
ing 0.5 g diphenylcarbazide in 10 mL acetone), and further
acidified by H2SO4 (0.05 M), and the absorbance was mea-
sured spectrophotometrically at 540 nm (12).

2.6. Characterization of Soil and Biochar

The soil and biochar were physiochemically character-
ized for pH, carbon, nitrogen, hydrogen, and sulfur. For the
analysis, about 2 g of oven dried (105°C for 24 hours) sam-
ple was taken as 0.1 mm. The dried sample was grinded
using a mortar pestle to get the desired particle size. The
sample was analyzed using an elemental analyzer (Thermo
Scientific, USA). Metals were analyzed after acidic digestion
using AAS technique. The morphology of biochar was ana-
lyzed using scanning electron microscope (SEM) (Zeiss EVO
18 Special Editions, USA).

2.7. Data Analysis

Data were statistically analyzed by the analysis of vari-
ance (ANOVA) and the mean differences were compared by
the Tukey-Kramer multiple comparison test at P < 0.05. All
experiments were performed in three replicates and analy-
ses were performed with GraphPad Prism version 4.03 (CA,
USA).

3. Results and Discussion

3.1. Characterization, Growth, and Transformation at Shake
Flask Level

First of all, the collected soil sample was physiochem-
ically characterized for pH, carbon, hydrogen, nitrogen,
and sulfur as described in Table 1. Then, metals such as

Fe, Zn, Cu, Mn, Pb, and Cr were also evaluated both in soil
and biochar sample. It was found that Pb and Cr concen-
trations were less than the desired concentration; there-
fore, Cr and Pb were supplemented into the soil for the ex-
periment. SEM picture of biochar sample was also taken
and presented in Figure 1. Next, Aspergillus scleotiorum well-
grown in MEA was supplemented with Cr and Pb at 10, 20,
40, 80, 100 mg/L. Aspergillus sp. grown luxuriously at 10,
20, and 40 mg/L showed approximately similar growth pat-
terns without inhibition and reached the stationary phase
after five days, but at 80 and 100 mg/L the growth was af-
fected significantly and reduced compared with the previ-
ous concentrations (Tables 2 and 3), which may be due to
the higher concentration of Cr and Pb. Aspergillus sp. trans-
formation was approximately 96% at 20 and 40 mg/L of Cr
and 0.6 to 0.8 mg/L of Pb, which proved the potential of the
organism. At 80 and 100 mg/L Aspergillus sp. successfully
transformed up to 87.22% (10.34) and 74.87% (26.22) for Cr
and 76.52% (11.12) and 68.12% (33.12) for Pb; shown in Figure
2 in the bracket after the percentage of the left concentra-
tion is mentioned.

Table 1. Physiochemical Characterization of Soil and Biochar Sample

Serial No. Metals Soil Biochar

1 pH 6.4 ± 0.5 7.3 ± 0.3

2 Carbon (%) 21.24 ± 2 72.25 ± 3.2

3 Hydrogen (%) 2.1 ± 0.7 3.5 ± 0.9

4 Nitrogen (%) 2.9 ± 0.5 0.7 ± 0.02

5 Sulfur (%) 0.5 ± 0.01 0.1 ± 0.03

6 Phosphorus (%) 1.7 ± 0.4 0.4 ± 0.05

7 Fe (mg/kg) 14.51 ± 3 0.71 ± 0.02

8 Zn (mg/kg) 8.33 ± 2.5 5.99 ± 1.2

9 Cu (mg/kg) 4.99 ± 0.45 2.30 ± 0.6

10 Mn (mg/kg) 3.88 ± 0.9 1.80 ± 0.5

11 Pb (mg/kg) 7.2 ± 1.5 0.0 ± 0

12 Cr (mg/kg) 9.16 ± 1.7 0.7 ± 0.01

3.2. Cr and Pb Transformation in Soil by Aspergillus scleotiorum

The composition of soil component, especially the
metal content, is very important, since soil is used as a sink
to eliminate contaminants from industrial waste material;
due to lack of proper practice and management, soil is pro-
gressively observed as a major source of heavy metal. The
heavy metals reduce the fertility of soil; plantation grown
in the contaminated soil can transfer and increase metal
content into the foodstuff and cause harmful effects on hu-
man and animal health (13). Due to its environmental im-
portance, since many studies reported the risks caused by
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Figure 1. Scanning electron microscopy (SEM) of biochar sample used for biremediation experiment

Table 2. Growth of Aspergillus sp. at Different Concentrations of Cr in Terms of the Observed Dry Weight

Time, d Different Concentrations of Cr and Their Observed Dry Weight, g/L

0 0.00 10 20 40 80 100

1 0.00 0.29 ± 0.01 0.25 ± 0.01 0.13 ± 0.03 0.12 ± 0.02 0.11 ± 0.01

2 0.00 1.02 ± 0.01 0.89 ± 0.04 0.30 ± 0.02 0.28 ± 0.03 0.21 ± 0.02

3 0.00 1.06 ± 0.04 1.02 ± 0.03 0.49 ± 0.01 0.47 ± 0.05 0.28 ± 0.02

4 0.00 1.09 ± 0.06 1.07 ± 0.06 0.73 ± 0.05 0.61 ± 0.07 0.31 ± 0.06

5 0.00 1.07 ± 0.02 1.06 ± 0.06 0.73 ± 0.06 0.59 ± 0.03 0.29 ± 0.05

6 0.00 1.06 ± 0.01 1.05 ± 0.05 0.75 ± 0.07 0.64 ± 0.05 0.25 ± 0.03

7 0.00 1.06 ± 0.03 1.05 ± 0.03 0.73 ± 0.03 0.64 ± 0.03 0.23 ± 0.02

Table 3. Growth of Aspergillus sp. at Different Concentrations of Pb in Terms of the Observed Dry Weight (g/L)

Time, d Different Concentrations of Pb and Their Observed Dry Wight, g/L

0 0.00 10 20 40 80 100

1 0.00 0.21 ± 0.01 0.22 ± 0.02 0.19 ± 0.02 0.16 ± 0.02 0.12 ± 0.04

2 0.00 1.12 ± 0.06 1.19 ± 0.09 1.30 ± 0.04 0.62 ± 0.01 0.18 ± 0.03

3 0.00 1.26 ± 0.04 1.22 ± 0.06 1.29 ± 0.01 0.67 ± 0.03 0.28 ± 0.04

4 0.00 1.22 ± 0.05 1.27 ± 0.04 1.13 ± 0.06 0.51 ± 0.01 0.21 ± 0.06

5 0.00 1.22 ± 0.06 1.26 ± 0.07 1.11 ± 0.03 0.59 ± 0.02 0.23 ± 0.02

6 0.00 1.25 ± 0.02 1.25 ± 0.03 1.05 ± 0.07 0.61 ± 0.02 0.26 ± 0.05

7 0.00 1.23 ± 0.01 1.25 ± 0.05 1.03 ± 0.4 0.57 ± 0.02 0.23 ± 0.02

the metals, it is important to pay attention to the metal
transformation and remediation (14). The current study
applied Aspergillus sp., which significantly reduced Cr and
Pb in soil. Aspergillus sp. was inoculated into contaminated
soil at two different concentrations of 40 and 60 mg/kg

containing Cr and Pb, separately. Figure 3 clearly showed
that Aspergillus sp. grew luxuriously and formed hyphae
through the soil, which was the 1st step for successful biore-
mediation by means of transformation and adsorptions.
After extraction of Cr and Pb by fraction distribution, a sig-
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Figure 2. Transformation observed for Cr and Pb at different concentrations with
Aspergillus sp. at shake flask level

nificant reduction was found in the available form of both
metals compared with that of the control. It was observed
that the addition of Aspergillis sp. brought significant re-
distribution in the soil. Aspergillis sp. minimized a signifi-
cant quantity of both metals in the exchangeable fraction;
at 20 mg/kg there was almost no available form of metals.
But at 40 mg/kg there was about 5 mg/kg (for Cr) and about
3 mg/kg (for Pb) (Figure 4), but the control exchangeable
form contained almost the same concentration about 17
mg/ kg and 38.6 mg/kg for Cr and 18.6 mg/kg and 38.3 mg/kg
for Pb. Further, in the redistribution, maximum concentra-
tion was observed in Fe-Mn bound, carbonate-bound, or-
ganic bound, and residual bound in Cr contaminated soil,
but in the Pb-contaminated soil, maximum concentration
was observed in Fe-Mn bound, organic bound, carbonate-
bound, and residual bound and the minimum concen-
tration in soluble-exchangeable fraction was observed in
bioremediated soil, which showed the lowest mobility and
bioavailability of Pb. In bioremediated soil samples, the
soluble-exchangeable form reduced significantly, whereas
Fe-Mn bound and Pb bound increased extensively, which
suggested that the available Pb was converted into unavail-
able Pb, indicating the improvement of Pb contaminated
soil after bioremediation (15). Rama Krishna and Philip
(16) observed 70% reduction in Cr VI in the soil by the ap-
plication of Ganoderm lucidum. Bennett et al., (17) applied
six indigenous microorganisms obtained from contami-
nated soil and water; Klebsiella pneumoniae, Bacillus firmus,
and Mycobacterium sp. were capable of absorbing Cr VI effi-
ciently (by biomass), whereas the fungal isolates including
Aspergillus flavus, Aspergillus sp., and A. niger were capable
of transforming Cr VI to Cr III relative to cell-wall-binding
properties and decreased the contamination. Kumar et
al., (18) used different fungi (Penicillium chrysogenum, As-

pegillus nidulans, Aspergillus flavus, Rhizopus arrhizus, and
Trichoderma viride). Aspergillus nidulans, Rhizopus arrhizus,
and Trichoderma viride showed the maximum uptake capac-
ity of 25.67 mg/g for Pb, 13.15 mg/g for Cd, and 2.55 mg/g
of Cr, respectively, which indicated the potential of these
fungi and bacteria as biosorbent for the removal of high
concentration metals from industrial effluents. The mech-
anisms involved in the transformation of metal ions in the
soil are sorption, precipitation, complexation reactions,
and leaching. Further, it was also affected by soil environ-
ment and soil properties and environmental factors. Envi-
ronmental microbiologists understand well about the sol-
ubility of metals, and their contamination and solubilized
fraction, which is readily available to the living organisms
and express their toxic effect (8). By observing and the com-
paring the result of previous studies, it was found that As-
pergillus sp. were efficient and degraded the two metals,
Cr and Pb, efficiently at a shake flask level as well as in soil.
Therefore, this strain can be applied to the contaminated
site in the environment.

3.3. Application of Biochar to the Aspergillus sp. Treated (Con-
taminated) Soil

After application of Aspergillus sp., biochar was added
to stabilize the left Cr and Pb in the soil to prevent it becom-
ing easy bioavailable due to its variable environmental na-
ture. The current study results indicated that biochar sta-
bilized the metals and also reduced the left exchangeable
fraction of the metals (Figure 5). Biochar is an environmen-
tally acceptable alternative for sustainable management to
minimize the soil contamination (19).

Adding biochar to soil has many positive effects on soil
such as increasing the organic content, increasing heavy
metals absorption capacity, preservation of moisture and
nutrient, increasing soil structure, and increasing soil pH
(19). Previously, Cui et al. (20) reported that addition of
biochar to soil significantly reduced the concentration or
level of metals from the plant parts. Lu et al., (21) ob-
served Pb2+ stabilization in soil by using biochar, proba-
bly by different mechanisms such as surface precipitation,
co-precipitation, inner-sphere complexation with humus
substances, sorption, complex formation biochar mineral
oxide and hydroxide, complex formation with different
functional groups, the physical adsorption, and surface
precipitation that contribute to the stabilization of Pb2+.
Cao and Harris (22) demonstrated that the precipitation of
insoluble Pb phosphate may be the mechanism to retain
Pb using biochar from dairy manure. Trakal (23) also eval-
uated Pb sorption behavior after biochar application into
a metal-contaminated soil.

Choppala et al., (24) applied biochar to a Cr-
contaminated soil sample and found that biochar im-
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Figure 3. Picture showing the growth of Aspergillus sp. in Cr- (A) and Pb- (B) contaminated soil used for remediation, supplemented with 40 mg/kg of each metal
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Figure 4. Picture showing differential extraction and observation of Cr and Pb in
soil treated with Aspergillus sp.

proved the reduction of mobile Cr VI to less mobile Cr III
and declining the leaching of Cr. The decreased leaching of
Cr III is probably recognized by means of adsorption of Cr
III onto cation exchange sites and precipitation as Cr(OH)3

due to discharge of OH- ions during the Cr VI reduction
process (25). Biochar was broadly applied to stabilize
metals and also reduce the leaching of metals by means
of redox reactions of metals. Recently Rinklebe et al., (26)
used 10 g/kg biochar to remediate soils contaminated
with potential toxic elements under dynamic redox con-
ditions such as arsenic (As), cadmium (Cd), copper (Cu),
aluminum (Al), zinc (Zn), and nickel (Ni) in an extremely
contaminated soil and reduced the concentrations of
potentially toxic elements in soil solution.

3.4. Conclusions
Metal cannot be degraded or lost, it can be only con-

verted from high to low toxic form; therefore, the cur-
rent study used a two-step approach; 1st transformed
the toxicity of metal into other non-available forms us-
ing Aspergillus sp., next biochar was added to stabilize
these transformed metals for a long time to become non-
available to the ecosystem and authors’ field trial is under-
way. Therefore, this two-step approach may be a valuable
method to transform and stabilize the heavy metals in soil.
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