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Abstract

Background: Treatment process for heavy metal and dye removal is a worrying factor in environmental health
because it can contribute to the formation of new contaminants.

Objectives: To obtain and use chitosan from Zygomycetes for removal process of heavy metal (cadmium) and
azodyes (Reactive Black and Remazol Red).

Methods: Chitosan was obtained by Rhizopus arrhizus UCP 402 and Mucor javanicus UCP 69 following the
described method of Synowiecki and Al-Khateeb (1997) and submitted to removal tests for 18 h, with different
concentrations of Cadmium (0.5-4 mM), Reactive Black (B) and Remazol Red (1-1000 mg/L) in orbital shaker under
150 rpm at 28°C. Then, the samples were submitted to spectrophotometry and chitosan exposed to the
contaminants were submitted to electronic microscopy analysis.

Results: The efficiency of cadmium removal by Rhizopus arrhizus chitosan showed data of 92% (0.5 mM),
92.8% (1 mM), 75.9% (2 mM), 54% (3 mM) and 54.5% (4 mM) at pH 6.0. The efficiency of dyes removal by Mucor
javanicus chitosan was about 100% (1 mg/L), 100% (10 mg/L), 100% (50 mg/L), 98% (100 mg/L), 55% (1000 mg/L)
for Reactive Black (B) and 100% (1 mg/L), 100% (10 mg/L), 100% (50 mg/L), 98% (100 mg/L), 59% (1000 mg/L) for
Remazol Red.

Conclusion: Chitosan obtained by the strains was capable of removing cadmium and the reactive dyes: Reactive
Black (B) and Remazol Red in all conditions tested.
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Introduction
The heavy metal contamination is now one of the most worrying

factors for environmental health, as they are easily transported in
solution, and can reach high concentrations in enclosed areas on their
own, or for biological amplification [1].

Cadmium is widely used in the manufacture of batteries,
electroplating, pigments, metal alloys of low melting point, electrolytic
coating of metals, enamels and textile dyes in control rods in nuclear
fission, among others. The metal is discharged to the environment can
contaminate air, water and soil. The metal ions are responsible for
protein denaturation and reduction of enzyme activity. Several
examples of this effect have been described for enzymes of the Krebs
cycle [1-3].

The textile industry has one of the largest generations of polluting
processes, contributing quantitatively and qualitatively with pollution
load rejected in the environment, covering five different fields: liquid
effluents, emissions and particles, solid waste, odors and noise. When
this effluent is disposed, it can cause impacts on the receiving body
originating from its pollution load, and contamination because the
textile effluents have high values for color levels, chemical and
biochemical oxygen demand, suspended solids and low dissolved
oxygen concentrations [4]. These dyes (natural or xenobiotic) in a
particular environment typically remain unchanged or have a very
slow degradation kinetics for the conventional biological processes,
and generate the final effluent (after treatment), which still very intense
staining. The dye molecule has a structure responsible for the
absorption of visible radiation exposure and color, the family of azo
dyes is the most used, corresponding to roughly 70% of all textile dyes
produced and can produce byproduct substances inducing
carcinogenic and mutagenic effects [5-7].
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Treatment processes for dye removal are based on the operation of
physical-chemical systems as precipitation-coagulation systems,
followed by separation by sedimentation through biological treatment
via activated sludge system, with a high efficiency particulate removal.
However, there are many difficulties in the removal of color and
dissolved organic compounds, in addition to the great disadvantage of
being very susceptible to the effluent composition (shock loads), and
producing a large volume of sludge [5,7,8]. Currently there are physical
and chemical processes of precipitation, flocculation, electrolysis,
crystallization or adsorption for the decontamination of heavy metals
in environments, however, these processes can be burdensome and/or
contribute to formation of new environmental contaminants, so it
becomes necessary to develop more cost-effective technologies and
practices for the removal of these elements, which are responsible for a
high level of toxicity to living systems.Thus different techniques and
processes have been used aiming at the removal of xenobiotic [1,3,5-8].

The Zygomycetes class is composed of fungi naturally saprophytic
and cosmopolitan. Additionally, due to its participation in the
biodegradation processes (attacking materials from various sources
such as leather, plastic, wood and food), biodegradation (mainly waste
recycling and training of fertilizer), bioremediation and industry
(production of enzymes, fatty acids, antibiotics, preservatives and
lactic acids), have great economic importance [9,10].

Chitosan is derived from chitin. It is nontoxic, biodegradable, and
renewable natural sources obtained whose properties have been
exploited in industrial applications and technology there is nearly
seventy extracted from the shell of arthropods and the cell walls of
micro-organisms. These two native or chemically modified polymers
occupy a wide area of application in various industries, in medical
technology and also due to the significant physical and chemical
characteristics suitable as biodegradability, biocompatibility,
antimicrobial action, among other applications [11-14].

For this study, we evaluated the Cadmium, Remazol Red and
Reactive Black (B) removal efficiency by the chitosan obtained from
Rhizopus arrhizus UCP 402 and Mucor javanicus UCP 69.

Materials and Methods

Microorganism and culture conditions
Rhizopus arrhizus UCP 402 and Mucor javanicus UCP 69 were

obtained from the Culture Collection of the Nucleus of Research in
Environmental Science and Biotechnology – Catholic University of
Pernambuco – Brazil, included in the Rede Nordestina de Micro-
organismos do Norte e Nordeste (RENEBRA) and registered in the
World Federation Culture Collection (WFCC). The strains were
maintained in Potato Dextrose Agar (PDA) at 5°C. The fungus was
cultivated in Synthetic Medium of Mucoralean in order to produce
spores and incubated at 28 °C for 6 days, for the production of pre-
inoculum.

Extraction of Chitosan of Rhizopus arrhizus and Mucor
javanicus
The biomasses were produced through Synthetic Medium of

Mucoralean, using Erlenmeyer flasks with 1000 mL of capacity,
incubated at 150 rpm at 28°C for 15 days. The biomasses produced in
SMM medium were collected by filtration and washed in distilled
water. The biomasses obtained were used for extraction of chitosan.

The process involves deproteinization by 2% sodium hydroxide (w/v),
followed by centrifugation, acid hydrolysis of 10% acetic acid (v/v) to
obtain chitin and successive washings with acetone and ethanol for
precipitation of polysaccharides. Chitosan was obtained by
deacetylation of chitin [15].

Chitosan characterization
The degree of deacetylation (DD%) for microbial chitosan was

determined using the infrared spectroscopy in the absorbance ratio
A1655/A3450 and calculated according to the equation:

A (%) = (A1655/A3450) x 100 / 1.33 (1)

Two milligrams sample of fungal chitin and chitosan, which had
been dried overnight at 60°C under reduced pressure were thoroughly
blended with 100 mg of KBr, to produce 0.5 mm thick disks. The disks
were dried for 24 hours at 110°C under reduced pressure. Infrared
spectrometer was recorded with a Bruker 66 Spectrometer, using a 100
mg KBr disks for reference. The intensity of maximum absorption
bands were determined by the baseline method.

Cadmium and dyes removal tests
Chitosan was tested under the following conditions: a solution of

chitosan 1% (w/v) was added in 125 ml of cadmium with different
concentrations (0.5 mM-4 mM) and pH (4.0-6.0) or reactive dyes
solutions (Reactive Black (B) and Remazol Red) with different
concentrations (1 mg/L-1000 mg/L) and pH 4.0. The samples were
placed under orbital shaker at 150 rpm at 28°C for 18 hours.

Determination of Cadmium and dyes removal efficiency
from biomass, chitin and chitosan

Samples under the conditions mentioned above were subjected to
atomic absorption spectrophotometry (cadmium) and
spectrophotometry UV-visible (dyes) to determine the residual
concentration of each sample. All experiments were performed in
triplicate.

Efficiency of removal:

q = (C0 − Cf)/m (2)

R% = [(C0 − Cf) 100]/C0 (3)

C0 – Initial concentration R% – Percentage of removal

Cf – Final concentration m – Biomass

Ultrastructural analysis - scanning electronic microscopy
Samples collected were washed twice in PBS, pH 7.2, for 10 minutes.

Then they were fixed with 2.5% glutaraldehyde in 0.1M phosphate
buffer, pH 7.4, for 1 hour at room temperature. After the stage-setting,
all samples were washed again twice with phosphate buffer, for 10
minutes. This procedure was followed by the post-fixing with osmium
tetroxide 1% in phosphate buffer, for 1 hour at room temperature, in
absence of light. Then the samples were once again washed with 0.1 M
phosphate buffer, and submitted to the process of dehydration. The
dehydration of the samples was done with ethanol, in concentrations
of 50%, 70%, 90% (5 minutes for each exchange) until the proportion
of 100% (three times, 10 minutes each exchange). After this step, the
samples were submitted to the critical point, followed by the assembly
in support of aluminum and subsequent gold metallization. Once
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prepared, samples were examined and photographed in the Scanning
Electronic Microscope, JEOL LV 5600, operating at 20 KV.

Results
The use of these isolated was based in the literature that reveals the

potential of Rhizopus arrhizus and Mucor javanicus in processes of
biosorption in aqueous solution as well as the extraction of chitin and
chitosan from their biomass and its possible application in
bioremediation processes.

Deacetylation degree (%DD) is an important parameter associated
with the physical-chemical properties of chitosan, because it’s linked
directly to the chitosan cationic properties. In the present study
chitosan from Mucor javanicus UCP 69 and Rhizopus arrhizus UCP
402 presented 76.2% DD and 84% DD, respectively.

The results of cadmium and reactive dyes removal efficiency are
showed in Figure 1 (A,B).

Figure 1: Graphs of removal efficiency. (A) – Efficiency of cadmium
removal by Rhizopus arrhizus chitosan. (B) – Efficiency of reactive
dyes removal by Mucor javanicus chitosan.

The efficiency of cadmium removal by Rhizopus arrhizus chitosan
showed data of 73%, 84% and 92% (0.5 mM); 82%, 86% and 92.8% (1
mM); 60%, 68% and 75.9% (2 mM); 46%, 49% and 54% (3 mM) and
41%, 47% and 54.5% (4 mM) at pH 4.0, 5.0 and 6.0, respectively.
Additionally, Rhizopus arrhizus chitosan was capable to remove 438.45
mg/L of cadmium in a solution with 4 mM (805.32 mg/L).

Furthermore, the effect of pH removal system was also evaluated,
where pH values below 4.0 induced metal precipitation in the solution.
The data showed that at increasing pH values the removal system was
more effective. Thus, a higher removal was obtained at pH 6.0.

The literature reveals removal of metals such as cadmium, zinc,
copper, cobalt, uranium, nickel chromium by biomass, non-viable or
dead filamentous fungi, with special emphasis on species of Aspergillus
and Rhizopus. The papers point out that the concentrations of metals
vary and responses depend on their concentration and the type of
biomass. Additionally, it is possible to increase the removal of heavy
metals as a result of physical pre-treatment and/or chemicals. Thus the
living cells can be inactivated with chemical agents such as acids, alkali,
detergents, organic solvents, aldehydes (formaldehyde, glutaraldehyde)
which increase the access of metal ion binding sites. Moreover, chitin
and chitosan are also reported as materials with high adsorptive power
to xenobiotics [1,2].

The efficiency of dyes removal by Mucor javanicus chitosan was
about 100% and 100% (1 mg/L); 100% and 100% (10 mg/L); 100% and
100% (50 mg/L); 97.8% and 98% (100 mg/L) and 55% and 58% (1000
mg/L) for Reactive Black (B) and Remazol Red, respectively.

A study of the reactive dye adsorption in solutions with use of
chitosan showed excellent adsorptive ability, between 1000-1100 mg
per gram of biomass. The data presented show that the isolate was
evaluated capable of removing reactive dyes, Reactive Black (B) and
Remazol Red in all conditions tested [5].

In this study, the electrondensity of chitosan obtained by Rhizopus
arrhizus and Mucor javanicus was observed in Eletronic Microscopy as
followed in Figure 2 (A-D).

Figure 2: Micrographs of chitosan. A – Control; B – Rhizopus
arrhizus chitosan submitted to 4 mM of cadmium; C – Mucor
javanicus chitosan submitted to1000 mg/L of Reactive Black (B); D
– Mucor javanicus chitosan submitted to 1000 mg/L of Remazol
Red.

Ultrastructural changes like heterogeneity and variations in
electrondensity are also reported as a result of exposure to metal ions
or xenobiotic associated to heavy metals as textile dyes. By the absence
of cellular and extracellular materials, chitosan has a great affinity to
ligands and, hence, a large adsorption capacity.
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Discussion
Among the numerous techniques for removal of heavy metals and

dyes, adsorption is the process of choice and offers the best results, as it
can be used to remove different types of recalcitrant agents. In order to
improve adsorption processes, the use of fungal biomass has been
receiving great attention because of its variety and versatility. The
microorganisms in general can accumulate or transform xenobiotics,
as a result of specific enzymatic reactions or mechanisms resulting in
the characteristics and properties of the cell wall and the plasma
membrane [16].

In recent years several approaches have been used for the
development of cheap and effective adsorbents. Thus, in recent years,
several researchers have demonstrated the ability of various micro-
organisms to transform azo compounds in non-colored products, in
addition to the complete mineralization of the molecules under certain
environmental conditions [17,18].

Bioremediation is the use of biomass, grown or obtained as co-
product of fermentation, subjected to drying and grounding, as well as
their derivatives, generating lower costs, reduced waste and tailings
and high efficiency in the removal of heavy metals and dyes in
wastewater very diluted. Many biological systems have been evaluated
in the removal of heavy metals from aqueous solutions as a means for
environmental control. The literature shows that the application of
dead biomass or subjected to physical and chemical treatments has
advantages in relation to living biomass with regard to the elimination
of xenobiotic toxicity [19-21].

Chitin and chitosan are polysaccharides with a chemical structure
similar to cellulose, and have been studied as adsorbents. Chitin is the
most abundant natural polymer and is found in the carapace of
crustaceans and cellular walls of fungi, for example of the class
Zygomycetes. Chitosan, on the other hand, is the deacetilated form of
chitin. Both chitin and chitosan are used as attractive sources of
adsorbents for heavy metals. In recent years both materials are also
used in assays for removal of xenobiotics in general, and chitosan has
been a biosorbent with a great efficiency, because the presence of ionic
groups imparts unique properties to this biopolymer [12-15].

Conclusions
The data presented show that chitosan obtained by the strains was

capable of removing Cadmium and the reactive dyes: Reactive Black
(B) and Remazol Red in all conditions tested. Chitosan also showed
high potential onto discoloration of dyes. Thus, studies using synthetic
wastewater to determine essential parameters of the removal process
and increase its efficiency can be proposed for obtaining biosorbents
for dyes and heavy metals.
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