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ABSTRACT

Mercury (I1) removal capacity in aqueous solution by Aspergillus niger biomass was
analyzed by the atomic absorption spectrometry method. The fungus grew in 2000 ppm of
the metal (20.3%). Biosorption was evaluated at different pH (3.5, 4.5, and 5.5) at different
times. In addition, the effect of temperature in the range of 28°C to 45°C and removal at
different initial concentrations of Hg (1) from 100 to 500 mg/L were also studied. The
highest biosorption (83.2% with 100 mg/L of the metal, and 1 g of biomass) was 24 h at
pH of 5.5 and 28°C. With regard to temperature, the highest removal was to 28°C, with an
83.2% removal at 24 h, and at higher biomass concentrations, the removal was most
efficient (100% in 12 h with 5 g of biomass). Fungal biomass showed good removal
capacity of the metal in situ, 69% removal in contaminated water, after 7 days of
incubation and 5 g of biomass (100 mL water), so it can be used to remove industrial
wastewater.
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RESUMEN

Se analizo la capacidad de remocién de mercurio (I1) en solucidn acuosa por la biomasa de
Aspergillus niger por el método de espectrometria de absorcion atomica. EI hongo crece
hasta 2000 ppm del metal (20.3%). Se evalud la bioadsorcion a diferentes valores de pH
(3.5, 4.5 y 5.5) a diferentes tiempos. También se estudié el efecto de la temperatura en el
intervalo de 28°C hasta 45°C y la remocion a diferentes concentraciones iniciales de Hg (I1)
de 100 a 500 mg/L. La mayor bioadsorcion (83.2% con 100 mg/L del metal y 1 g de
biomasa) fue a las 24 h, a pH de 5.5 y 28°C. Con respecto a la temperatura, la mas alta
remocion fue a los 28°C, con un 83.2% de remocion a las 24 h, y a mayores
concentraciones de biomasa, la remocion fue mas eficiente (100%, 12 h'y 5 g de biomasa).
La biomasa natural mostré una excelente capacidad de remocion del metal in situ, 69% de
remocion en aguas contaminadas, a los 7 dias de incubacion y 5 g de la biomasa (100 mL
de agua), por lo que se puede utilizar para eliminarlo de aguas residuales industriales.

Palabras clave: Aspergillus niger, biomasa, mercurio (V1), remocién.

1. INTRODUCTION

At present, there is a great concern in the world, due to the considerable increase in the
levels of contamination of industrial effluents by heavy metals such as chromium, nickel,
cadmium, lead and mercury (Stefanescu et al., 2017). These toxic substances tend to persist
indefinitely in the environment, compromising the well-being and balance not only of the
fauna and flora existing in the ecosystem but also the health of people living in the
surrounding communities, through their accumulation and entry into the food chain (Cabral
et al., 2014). Among the various effects produced by heavy metals in plants are necrosis at
the tips of leaves, inhibition of root growth, and at worst the total death of the plant. In
humans, heavy metals can become very toxic when introduced into the organism. At high
concentrations, these can cause: skin rashes, stomach upset (ulcers), respiratory problems,
weakening of the immune system, damage to the kidneys and liver, hypertension, alteration
of genetic material, cancer, neurological disorders and even death (Nava Ruiz and Mendez
Armenta, 2011). The World Health Organization (WHO) established that the maximum
concentration of heavy metal ions in water should be in the range of 0.01-1 ppm (WHO,
2003), however, concentrations of heavy metal ions up to 450 ppm have been found in
effluents (Srivastava & Anil Dwivedi, 2015). Among the main industrial sectors that are
sources of contamination of heavy metals are mining, cement industry, dyes, tanning,
electroplating, steel production, photographic material, corrosion paints, energy production,
textile fabrication, wood preservation, aluminum anodizing, water cooling and others
(Abass et al., 2014; Stefanescu et al., 2017). In Cedral, San Luis Potosi, México the Hg (I1)
contamination in areas of historical silver amalgamation was evaluate. The total
concentrations of Hg in mining residues varied between 8 and 548 mg/kg, while in soils the
concentrations were in a range of between 1 and 116 mg/kg. It was found that 80% of the
soil samples analyzed exceeded the maximum permissible limit of Hg for land for
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residential use established in Mexican regulations (Leura Vicencio et. al., 2017). Too,
Giangrosso et. al., (2016), studied the hair mercury levels detection in fisherman from
Sicily (Italy).

The environmental impact generated by these toxic substances has led the scientific
community to develop different methods for the treatment of industrial effluents
contaminated with these substances, among which are: precipitation, oxidation-reduction,
exchange ionic, filtration, electrochemical treatment, membrane technologies and recovery
by evaporation. However, these methods have been quite costly and inefficient, especially
when the metals concentration is very low, as well as the formation, disposal and storage of
sludge and wastes, originated during the processes, which becomes a major problem to
solve (Tejada-Tovar et al., 2015; Caviedes Rubio et al., 2015). Therefore, arise emerging
technologies such as biosorption, the process of attracting various chemical species by
biomass (live or dead), by physicochemical mechanisms as adsorption or ion exchange
(Tejada Tovar et al., 2015). Recently, varieties of low cost materials have been studied for
their ability to removal Hg (I1) from aqueous solution and promising results are shown.
Among these low cost adsorbents are dead microorganisms, clay minerals, agricultural
wastes, industrial wastes and various other low cost materials (Alimohammadi et al., 2017;
Duygu Ozsoy, 2010; Hoque and Fritscher, 2016; Martinez-Juérez et al., 2012; Shekhawat
et al., 2017; Stefanescu et al., 2017; Tejada Tovar et al., 2015). Thus, there is a need to
develop or find innovative low cost adsorbents with an affinity towards metal ions for the
removal of Hg (II) from aqueous solution, which leads to high adsorption capacity
(Caviedes Rubio et al., 2015). The objective of this study was to analyze biosorption of Hg
(1) by Aspergillus niger biomass, which also remove other metals such as chromium (VI),
and arsenic (l11, and V).

2. MATERIALS AND METHODS
2.1. Biosorbent used and resistant to mercury test

It worked with a strain of A. niger that grows in 200 ppm of As (Il1) (Santos et al., 2017)
and that was isolated from the environment from a zone adjacent to the Faculty of Chemical
Sciences of the UASLP, San Luis Potosi, S.L.P., Mexico; and was identified based on its
morphological characteristics, both macro and microscopic (Lopez Martinez et al., 2004).
The fungal strain was routinely maintained on potato dextrose agar. For the obtain the
biomass, 1 x 10° spores/ mL of the fungus were inoculated in 1 L Erlenmeyer flasks,
containing 600 mL of thioglicolate broth, incubating for 5 days at 28°C and 100 rpm. Later,
the biomass was obtained by filtration, washed with 200 mL of trideionized water, and was
dried at 80°C, for 12 hours in bacteriological oven. The product was ground in blender and
stored in amber vials until use.

Mercury-resistant tests of the isolated strain, filamentous fungus A. niger, were performed
on liquid LMM (Lee’s medium minimum) containing the appropriate nutritional
requirements and different concentrations of Hg (II) (as mercury chloride), and the dry
weight was determined.
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2.2. Biosorption studies and determination of divalent mercury

They prepared a series of solutions of mercury of 100 mg/L, pH was adjusted with
sulfuric acid 1M and the quantity of biomass added to each flask was of 1 g/100 mL for the
mercury’s solution. They were taken samples at different times, the biomass is eliminated
for centrifugation (3000 rpm/5min) and the supernatant was analyzed to define the ion metal
concentration. The concentration of mercury ions in solution was determined by Atomic
Absorption Spectrometry for generation of Hydrides (Atomic Absorption Spectrometer
Varian, model Spectra AA- 20), according to the procedure indicated by the Official
Mexican Standard (SSA, 1994). The experiments were performed a minimum of 3 times and
in triplicate.

3. RESULTS

The cells of the fungal strain grew on LMM supplemented with 2 g/L of Hg (l1); about
20.3% of growth relative to control (85.4 mg of dry weight without metal) was obtained
(Fig. 1) and, therefore, probably is resistant to the metal. We do not know why, however, at
600 p.m. there is more growth so we can say that there is more resistance.
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Fig. 1. Final dry weight of A. niger with different initial concentrations of Hg (l1), 1 x 10°
spores/mL, 28°C, 7 days of incubation, and 100 rpm.

The optimum time and pH for Hg (1) removal for A. niger biomass was 24 h and pH 5.5, at
constant values of biosorbent dosage (1 g/100 mL), with an initial metal concentration (100
mg/L), and temperature of 28°C (Fig. 2). Adsorption efficiency of Hg (Il) was observe a
maximum at pH 5.5 with the biomass analyzed. As the initial pH values decreased from 5.5
to 3.5, the removal efficiencies of Hg (Il) with the biomass decreased from 83.2% to
36.1%, respectively (Fig. 2).
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Fig. 2. Effect of incubation time and pH on mercury (1) removal by the biomass of A.
niger.100 mg/L Hg(ll), 100 rpm, 28°C, 1 g of biomass.
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Temperature was found to be a critical parameter in the bioadsorption of Hg (I1) (Fig. 3).
The higher removal was observed at 28°C with 24 h of incubation.
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Fig. 3. Effect of temperature on mercury (1) removal by the biomass of A. niger. 100 mg/L
Hg (11), 100 rpm, 28°C. 1 g of biomass.

Otherwise, at low metal concentrations (100 mg/L), we observe the best results for removal,
with the biomass analyzed, at 28°C, respectively (Fig. 4).
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Fig. 4. Effect of initial concentration of metal on mercury (I1) removal by the biomass of A.
niger. 100 rpm, 28°C. 1 g of biomass.

The influence of biomass concentration on the removal capacity of Hg (1) is depict in Fig.
5. If we increase, the amount of biomass it also increases the removal of the metal in
solution, with more biosorption sites of the same, because the amount of added biosorbent

determines the number of binding sites available for metal biosorption (Cervantes et al.,
2001).
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Fig. 5. Effect of biomass concentration on the removal of 100 mg/L of mercury (11) by the
biomass of A. niger. 100 rpm, 28°C.
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Finally, we adapted a water-phase bioremediation assay to explore possible usefulness of
this biomass for eliminating Hg (I1) from industrial wastes, the biomass (5 g), was incubate
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with non-sterilized contaminated water containing 183 mg Hg (I1)/L. It was observe that in
7 days of incubation with the biomass, the Hg (I1) concentration of water samples decrease

69% (Fig. 6).
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Fig. 6. Removal of Hg (1) in industrial wastes incubated with 5 g of biomass. 28°C, 100
rpm, 100 mL of contaminated water, (183 mg Hg (I1)/L.

The adsorption capacities of Cr (V1) with different biosorbents are showed in Table 1.

Table 1. Comparison of adsorption capacities of Cr (V1) with other biosorbents.

Adsorbent pH Adsorption capacity  Reference

mg/g
Aspergillus niger 5.2 3.2 Karunasagar, et. al., 2003
Aspergillus versicolor  5.0-6.0 75.6 Das et. al., 2007
Different fungal 55 78.3-95.3 Martinez-Juéarez et. al.,
biomasses 2012
Eucaliptus leaves 5.0-6.0 129.87 Alimahammadi et. al., 2017
Impregnated chitosan 3.0 43.3 Shekawat et. al., 2017
Phanerochaete 6.0 72.46 Bashardoost et. al., 2010
chrysosporium
Pleurotus sapidus 6.0 207.89 Yalcinkaya et. al., 2002
Rhizopus oligosporus 6.0 33.33 Duygu Ozsoy, 2010
Silica gel modified 3.0-7.0 0.20* Chaves et. al., 2011
Aspergillus niger 55 83.2 Present work
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4. DISCUSSION

The fungal strain grew about 20.3% with 2 g/L of Hg (Il). Different microorganisms that
are Hg (1) resistant have been isolated from different contaminated sites: Giovanella et. al.,
2017) reported the bacteria: Pseudomonas putida C50A, Pseudomonas sp. B50D,
Alcaligenes faecalis U21 and Brevundimonas sp.U22, which were isolated from metal
contaminated residues and effluents, and they growth with 10 uM of Hg; Mahbub et. al.,
(2016) isolated Sphingobium SA2, a highly mercury resistant bacterial strain from
contaminated soil, with estimated ECso values of 4.5 mg/L and 44.15 mg/L and MIC
values of 5.1mg/L and 48.48 mg/L; Koushalshahi et. al., (2012), reported the isolation of
Streptomyces from marine sediments in different regions of the Caspian Sea, resistant to 20
and 40 mg/L of Hg. However, the mechanism of tolerance in this strain of A. niger fungus
is not investigated.

On the other hand, among the most important environmental problems involving water and
soil contamination of the country, is the direct dumping of heavy metals highly pollutants,
which constitutes a danger to balance and natural functioning of aquatic ecosystems. One of
these metals is mercury, which is used in artisan gold extraction and purification processes.
Bioadsorption, to through the use of microorganisms and agroindustrial waste, has proven
to be an alternative for the treatment of aquatic matrices contaminated by metals, is a clean
technology, efficient and economical for environmental remediation processes. The main
factors associated with the process of adsorption of Hg (I1) by fungal biomass of A, niger,
established that this biomaterial has a high potential in the removal of this metal, achieving
a maximum removal of 83.2% (100 mg/L of the metal, and 1 g of biomass) at 24 h, pH of
5.5 and 28°C.The experimental evidence shows a strong effect of the experimental
conditions. Maximum biosorption capacity values showed that this biosorbent used are
very effective in recovery or removal of mercury ion from aquatic systems, like to others
biosorbents (Table 1).

Finally, it was observing that in 7 days of incubation with the fungal biomass, the Hg (I1)
concentration of wastewater samples decrease 69%. In the literature was reported the
ability of the ethylhexadecyldimethyl ammonium bromide impregnated chitosan for
removal of cadmium and mercury (Shekhawat et. al., 2017). Two different synthetic
effluents containing Cd (Il) in first while Hg (1) in second were prepared having similar
composition to that of the real effluents and adsorption efficiency was determined for these
metal ions. The results show a removal of 86.4%, and 73.8%, for Cd (Il) and Hg (ll),
respectively (Shekhawat et. al., 2017). The widespread presence of biogenic selenium
nanoparticles and goethite could significantly removal (81.2%) mercury of contaminated
groundwater (Wang et. al., 2018). The removal of 99% of the metal from water within 10—
48 h after initial exposure to Hg (I1), from Munich groundwater, with a new mercury-
accumulating Mucor hiemalis strain EH8 (Hoque and Fritscher, 2016). These results
suggest their potential applicability for the remediation of Hg (I1) from polluted water and
soils in the fields. Otherwise, in mercury detoxification process, work is still necessary to
illustrate the distribution and diversity of the microbial communities under heavy metals
stress in order to employ them for the bioremediation of these toxic pollutants, singly or in
combination for greater efficiency. Moreover, some mercury biosorbent fungi cannot only
detoxify mercury but also remove other metals such as chromium (V1), and arsenic (111, and
V) (Acosta-Rodriguez et. al., 2017; Santos et. al., 2017).
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In conclusion, the biomass analyzed, showed a good capacity of biosorption of 100 mg/L
Hg (I1) in solution at 24 h of incubation, at 28°C, 100 rpm with 1 g of biomass, besides this
removal the metal in situ (7 days of incubation, 5 g of biomass), in water contaminated.
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