We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 185,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter

Removal of Copper and Lead from
Water in The Mariana Mining

Disaster Using Biomass Banana
Peel and Rice Husk

Mayra Santos, Vitor Silva, Thaind Andrade, Tamise Aquino,
Bruno Batista, Bruna Ferveira, Jodo Mesquita, Mdrcia Faria,
Luiz Maia and Jaivo Lisboa Rodrigues

Abstract

The dumping of the mining tailings dam from Mariana, Brazil released about
34 million mining tailings in the Doce river basin, containing many toxic metals.
The biomasses of banana and rice were used as adsorbents in the removal of Cu
(IT) and Pb (II) metals from contaminated water. Quantification of metals was
performed using NexION 300D PerkinElmer (USA) ICP-MS. The pH effect studies
indicated that the adsorption analyzed in the present work did not undergo sig-
nificant changes with the variation of the pH values, thus for both banana and rice
the best adsorption capacity of Cu (II), 34.11 mg g ™' and 34.37 mg g™, was at pH 5.
For Pb (II), the highest adsorption capacity was also at pH 5 with 36.06 mg g* for
banana and 36.04 mg g™ for rice. There was a rapid adsorption where, in all cases
in the first 30 minutes of adsorption, more than 60% of the metals had already
been adsorbed. Finally, tests were carried out using real samples from Doce river
contaminated by the metals under study due to the Mariana disaster. The biomasses
presented excellent performance in Cu (II) and Pb (II) removal, reaching concen-
trations close to zero after adsorption process.

Keywords: adsorption, metals, mining activity

1. Introduction

Pollution from toxic metals is a serious environmental problem all over the
world. The intense technological and industrial development led to the excessive
use of toxic metal ions and, thus, increased water pollution. These metals are often
reported to be harmful to humans and other organisms because of their high toxic-
ity and cumulative effects [1].

On November 5, 2015, Brazil faced its worst environmental disaster after an
iron-ore mining waste dam collapsed releasing 34 million m’ of contaminated mud
in a headwater region of the Doce River basin [2].

In areport from the Minas Gerais Water Management Institute [3], which moni-
tored some elements in water samples from points in the Doce river Basin, high
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concentrations of elements such as Pb and Cu, well above maximum value recom-
mended by environmental legislation [4]. In this sense, it is necessary to develop
technologies that can remove these pollutants, so that this water is properly used for
human and animal consumption.

There are several methods to remove toxic metal ions from aqueous solu-
tions which consist mainly of chemical, physical and biological techniques
[5]. However, these technologies are not always economically viable for Water
Treatment Plants.

A promising alternative is the use of biomass adsorption (biosorption). It has
low cost, wide adaptation and selectivity in the removal of different types of toxic
metals and stable performance in the purification of wastewater (1-100 mg L")

[6]. The use of plant biomass to obtain raw material is one of the proposals of green
chemistry. Green chemistry is an approach that aims to minimize the environmental
impact through the creation, development and application of chemical products
and processes for reduction or elimination of the use and the generation of toxic
substances to the detriment of its treatment [7].

Biosorption is one of the most promising technologies for the remediation of
aquatic areas polluted with toxic metal ions [8]. There are several compounds with
promising characteristics for the treatment by the use of biosorption, among them
rice straw and banana peel stand out. Rice straw contains large amounts of cel-
lulose, hemicellulose, lignin and silica, these compounds provide binding sites for
metals [9]. The banana peel has been used as a biosorbent for adsorption of copper,
and it is readily available, inexpensive and ecologically correct [10].

The aim of this study was to evaluate and compare the adsorption capacity of
the biomass of rice straw and banana peel in waters contaminated by Cu (II) and Pb
(II) metals and application in contaminated waters due Mariana disasters.

2. Materials and methods
2.1 Origin of materials

The rice husk originates from the Muriaé region, in the state of Minas Gerais
(Brazil) where it is widely grown and easy to obtain biomass. The banana peel was
obtained in fairs of the city of Tedfilo Otoni - MG (Brazil), these fairs are supplied
by small producers of all region of the Mucuri Valley.

2.2 Preparation of biomass
2.2.1 Banana peel

The preparation of the biomass obtained from the banana peel was washed with
ultrapure water, taken to the oven for drying at 70° C and ground by a SHOP63
01 industrial blender. After trituration the obtained product was sieved for Bertel
granulometric analysis at 40 mesh.

2.2.2 Rice husk

The procedure for obtaining the rice husk biomass resembles the banana peel
process. The rice husk was prepared by rinsing the husk with ultrapure water for the
removal of particles, and was then taken to an oven at 70°C for 24 hours for drying.
After drying, they were crushed in an electric mill and its product passed in a sieve
for Bertel granulometric analysis with 40 mesh opening,.
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2.3 Characterization of materials
2.3.1 Scanning electron microscopy (SEM)

Scanning electron microscopy (SEM) images for biomass samples of banana
peel and rice were obtained on a Zeiss (FEG-SEM) Sigma VP model.

2.3.2 Infraved spectroscopy with fourier transform (FT - IR)

IR-FT spectra were obtained on a Perkim Elmer FT-IR / NIR Spectrometer
Frontier equipment at a frequency range of 4000 and 500 cm . The examples were
prepared using the KBr disk method.

2.3.3 Zeta potential

Zeta potential of banana peel biomass and rice straw were measured using a
Zetasizer Nano-ZS (Malvern Instruments, UK).

2.4 Solutions of toxic metal ions

Solutions were prepared to be used in the isotherm, pH and kinetics tests. For
each metal (Cu (II) and Pb (II)), 21000 mg L™* solution was used as the standard
solution for other solutions of concentration: 0.5, 5, 20, 50, 100 and 200 mg.L"l.
The contaminating reagents used were Dehydrated Copper (II) Chloride - Sigma
99% and Lead (II) Nitrate - Cinética.

2.5 Adsorption tests
2.5.1 Isotherm test

A quantity of 10 mg of the adsorbent were used in 10 ml samples of the metal
solutions at concentrations of 0, 0.5, 5, 20, 50, 100 and 200 mg.L‘l. Afterwards,
they were placed in a Thermo Scientific shaker model 4360 for 24 hours. After
24 hours, the samples were taken to a CIENTEC CT-6000R centrifuge for 3 minutes
at 5500 rpm (4058 g) and the aliquot removed to dilute to 2% nitric acid. The initial
and residual concentrations were analyzed by NexION 300D PerkinElmer (USA)
ICP-MS and the adsorbed amount (q.) was calculated by Eq. (1):

V(C,-C
qezu (1)

m

where C, and C, (mg.L‘l) are the initial and equilibrium concentrations respec-
tively, V is the volume of the solution (L) and m is the mass (g) of the adsorbent
used in the experiments.

The Langmuir model (Eq. (2)) is used for a monolayer adsorption process on
a homogeneous surface, in which the concentration occurs at specific sites in the
adsorbent. The equation of the Langmuir isotherm is given by Eq. (2):
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where Q, (mg.g‘l) and K, (L.mg‘l) are the maximum adsorption capacity and
the Langmuir constant used for adsorption energy, respectively.

The adsorption is favorable (0 < Ry, < 1), unfavorable (R > 1), linear (Ry, = 1) or
irreversible (R, = 0) (Eq. (3)) [11].

1
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L

The Freundlich model (Eq. (4)) is used to describe multilayer adsorption on
heterogeneous surfaces.

qe = I<F C':/” (4)

where Kr and 1/n are the Freundlich constants representing adsorption capacity
and adsorption intensity, respectively.

2.5.2 pH test

For pH test, 10 mg of the adsorbent were used in 10 ml samples of the metal
solutions at a concentration of 20 ppm of the metal solutions at pHs of 5, 7 and 9.
With the pH corrected, the solutions were placed in the Thermo Scientific shaker
model 4360 for 24 hours. After 24 hours of stirring, the samples were centrifuged
ina CIENTEC CT-6000R centrifuge for 3 minutes at 5500 rpm (4058 g) for aliquot
withdrawal, for further dilution in 2% nitric acid, and analysis by ICP-MS Nexion
300D PerkinElmer (USA).

2.5.3 Kinetic test

The metallic solution of 10 ml to 20 mg.L™" was added to 10 mg of the adsorbent
material (biomass of banana peel and rice). Soon after, the solutions had the pH
corrected to 7 and placed in a Thermo Scientific model 4360 agitator, with varia-
tions in contact time of the biomass with the metallic solution: 0.5, 2, 4, 6, 12 and
24 hours. After the stirring time, the samples were centrifuged through CIENTEC
CT-6000R for 3 minutes at 5500 rpm (4058 g) for aliquot extraction, dilution (2%
HNO;3) and analysis of ICP-MS NexION 300D PerkinElmer (USA). The kinetic
adsorption data were adjusted with the models of pseudo-first order [12] (Eq. (5))
and pseudo-second order [13] (Eq. (6)) models:

q,=q,(1-¢™") (5)
2
\ — quet (6)
1+k,qg,t

where ge and qt are the amounts of adsorbent (mg g™*) in equilibrium and at
time t (min), respectively. k; (min™) and k, (g mg"1 min ') are the equilibrium
adsorption rate constants for pseudo-first and pseudo-second order adsorption,
respectively.
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2.6 Collecting contaminated water by metals in the Doce river basin

The water samples were collected in two different areas of the Doce river basin,
in the state of Minas Gerais, in the years 2016, 2017 and 2018. The areas were chosen
in relation to the contamination gradient. Two samples were collected at each point
(Figure 1) whose latitude and longitude are described below: P1- 18° 52’ 55.31
(S) 41° 57" 86" (W) and P2 - 18° 51" 22.54" (S) 41° 56" 10.55” (W). The first point is
located in the water and sewage treatment system and the second point in the city
center of Governador Valadares, Brazil.

The water samples were collected according to the procedure adopted by the
Environmental Sanitation Technology Company [14]. Briefly, 1000 mL vials of
Falcon BD® model polypropylene were contaminated free of contaminants were
used for collection. Water samples were stabilized with ultrapure nitric acid (0.5%
HNO;3). The concentrations of the metals in the samples were determined using
ICP-MS according to EPA method 200.8 [15].
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Figure 1.
Scanning electron microscopy image of (a - b) rice (c - d) banana biomass expand 2.000 and 5.000 times.
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3. Results and discussion
3.1 Characterization
3.1.1 Scanning electron microscopy

The Figure 1(a) and (b) shows the scanning electron microscopy of rice bio-
mass, with magnification of 2.000 x in (a) and 5.000 x in (b). In (c) and (d), it
shows the banana biomass, with an image enlarged from 2.000 x in (c) to 5.000 x
in (d). In all the images it is possible to observe a porous structure, being able to be
susceptible to adsorption of metals on its surface.

3.1.2 Infrared spectroscopy with fourier transform

The main adsorption bands were observed in the infrared region (500-
4000 cm™') and compared with the literature.

In Figure 2, the banana peel biomass presents: the absorption band of
3200 cm-1 can be attributed to the O-H bond stretch, characteristic of functional
groups of alcohols and phenols. Pino [16] as well as the presence of H,O molecules.
The wavenumber 2930 cm™ corresponds to the axial deformation of aliphatic and
hydro aromatic carbon sp3 carbon bonds found in cellulose and hemicellulose [17].
In the vicinity of the range 1620 cm™" indicates the lignin, due to the functional
group C=0 [18]. Finally, the peak near 1000 cm ™" is assigned to the C-O group
stretching than can be observed in cellulose, hemicellulose and lignin. Thus, it can
be concluded that groups alcohols/phenols, carboxyl, carbonyl, alkane, aromatic
groups are present in banana bark [19].

Rice bark biomass shows major bands in the bands of 3369 cm ™ indicating O-H
elongation, revealing a hydrogen bond, this structure may be due to the presence
of acids or alcohols [20]. The wavelength 2900 cm™, as well as in banana biomass,
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Figure 2.
Results of the Fourier transform infrared analysis of vice and banana biomass.
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indicates groups of C-H, from carbon sp’, connecting to the presence of cellulose
and hemicellulose. The spectral band around 1500-1640 cm " attributes to the
functional group carbonyl (C=0) elongation associated with lignin [21]. The bands
near 1100 and 800 cm ™ are characteristic of the O-Si bond in polymorphic silica,
SiO, [22].

The adsorption mechanism of the copper and lead ions in the studied biomass
can be associated with the presence of functional groups that have oxygen in their
constitution [23]: a two-step process: (i) the metal ions hydrolyze in the solution to
form a hydrolyzed metal ion (ii) the positively charged halves interact with oxygen-
containing functional groups, leading to better contact with biomass and high
adsorption capacity.

3.1.3 Zeta potential

Figure 3 show the zeta potentials of the banana and rice peel. The original
peels exhibit a negative zeta potential and the used particles possess a less negative
potential. All these results reveal that the waste peels had adsorbed the metal ions.
The isoelectric point for banana was 6.6 — 7.0 and for rice 6.6 — 7.3.

3.2 Adsorption tests
3.2.1 Isotherm test
3.2.1.1 Copper

In order to determine and compare the adsorption capacity of copper by the
banana and rice biomass, Figure 4 shows two graphs of the Cu (II) equilibrium
concentration (C,) as a function of the adsorption capacity (Q.) of the biomasses.
Figure 4(a) shows a marked increase in the isotherm, indicating that the free sites
of the banana biomass were empty and available for Cu (II) adsorption. While
Figure 4(b) shows some initial oscillation in the adsorption capacity but soon after
the free sites reach the saturation and, consequently, a balance in the adsorption
capacity of the rice biomass.

The Langmuir and Freundlich isotherm models were tested for information
on Cu (II) adsorption by banana and rice biomasses. These models describe the
interaction between the adsorbent and the adsorbed material. The Langmuir model
considers that the adsorption process occurs in a monolayer on a homogeneous
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Figure 3.

Zeta potential curves obtained for (a) banana peel and (b) rice rusk.
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Adsorption isotherm of Cu (II) (a) by banana, (b) by rice and of Pb (II) (c) by banana, (d) by rice.
Adsorbent dose: 10 mg; shaking speed:200 rpm; pH 7 + 0.3; temperature: 25 + 0.3°C.

surface, that is to say, with active sites with identical energy and availability and
without interaction between the adsorbed molecules [24].

The Freundlich isotherm differs from the Langmuir isotherm model, which
describes multilayer adsorption on heterogeneous surfaces [25]. In the Freundlich
model, when the 1/n exponent value for this model equals 1, the adsorption is con-
sidered linear, with identical adsorption energies at all sites. The higher the value of
1/n, the stronger the interaction between adsorbent and adsorbate [26].

Table 1 shows the values of the parameters obtained by nonlinear regression of
the Cu (II) adsorption by the banana and rice biomass applied to the Langmuir and
Freundlich isotherm. For banana biomass, the Langmuir and Freundlich isotherms
presented very close adaptations when comparing the values of the correlation
coefficient (R?): 0.99 (Langmuir) and 0.99 (Freundlich). In addition, the Ry, value
is between 0 and 1, indicating that the Langmuir model is favorable, but Freundlich
is also an accepted model for this adsorption since the value of 1/n is less than 1. For
rice biomass, the Langmuir model was more favorable, with R*=0.96 and R; = 0.99.

3.2.1.2 Lead

The Figure 4(c) and (d) illustrates the experimental data obtained in the
adsorption of Pb (II) by banana and rice biomasses applied to the Langmuir and
Freundlich models. For both banana and rice biomass, there was an increase in the
adsorption capacity, indicating the occupation of the free sites in the material.

The adsorption of Pb (II) by banana biomass was favorable to the Langmuir
isotherm model with R? = 0.95 and R;, = 0.92. For rice biomass the Freundlich model
presented R? = 0.91, but another parameter, 1/n, indicates that this model is not
adequate because it has a value higher than 1. With this, the Langmuir model is the
most favorable model.
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Isotherm Parameters Biomass

Banana Rice

Cu (1)
Langmuir Qn (mgg™) 26.68 16.80
K. (Lmg™) 0.18 0.02
R’ 0.99 0.96
Ry 0.92 0.99
Freundlich Kr(Lg™) 423 0.35
1/n 0.63 0.79
R’ 0.99 0.95

Pb (II)
Langmuir Qn (mgg™ 13371 33.33
K. (Lmg ™) 0.18 0.02
R’ 0.95 0.86
Ry 0.92 0.99
Freundlich Ke(Lg™) 3221 3.67
1/n 0.30 2.52
R’ 0.93 091

Table 1.

Parameters obtained by nonlinear regression adjustment of Langmuir, Freundlich, for Cu (II) and Pb
(11) isotherms by adsorption in biomass of banana and rice husk. Q,,: Maximum adsorption capacity, Ki:
Langmuir constant, Ry: Balance parameter, Kp: Freundlich constant, 1/n: Adsorption intensity.

3.3 pH test
3.3.1 Copper

The effect of pH on copper (II) adsorption by banana and rice biomass at
pH values of 5.0, 7.0 and 9.0 is described in Figure 5(a). The adsorption capac-
ity of the metal by the banana is higher at pH 5.0 (34.16 mg g™') than pH 7.0
(33.80 mg g™) and 9.0 (31.02 mg g™ '). In agreement, the rice presents similar
behavior where the capacity of adsorption undergoes a slight decrease with the
increase of the pH, pH 5.0 (34.37 mg g™"), pH 7.0 (33.70 mg g™*) and pH 9.0
(30.81 mg g'l). As in the literature [27], the rate of Cu (II) removal has little
effect on pH.

3.3.2 Lead

Figure 5(b) shows the effect of pH on the adsorption of Pb (II) by banana and
rice biomasses. Banana biomass presented a removal rate of 91.21% (36.46 mg g™")
at pH 5, 93.88% (3753 mg g ') at pH 7.0 and 94.46% (37.76 mg g™*) to pH 9.0. As
for banana, the adsorption capacity for rice did not have a significant effect, since
at pH 5.0 it removed 93.61% (37.42 mg g'l) from Pb (II) 94.85% (37.91 mg g'l) and
95.68% (38.25 mg g™') to pH 7.0 and 9.0, respectively.

The behavior shown where the adsorption capacity has a small increase together
with the pH value is justified by the PZC values of banana biomass (6.6 - 7.0) and
rice (6.6 - 7.3) and a study [28] where it states that the negative surface charge leads
to deprotonation of functional groups of the biomass as H" (aq) and H;0" (aq) are
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Effect of pH on (a) Cu (II) and (b) Pb (1I) adsorption by banana and rice biomass. Initial [Cu®* ] and [Pb*']:
20 mg L™; adsorbent dose: 20 mg; shaking speed: 200 rpm; temperature: 25 + 0.3°C.

released from them. Thus, these deprotonated functional groups serving as binding
sites become readily accessible to metal ions causing better sorption.

3.4 Kinetic test
3.4.1 Copper

The results obtained from the kinetic copper adsorption test for banana and rice
biomass are presented in Figure 6(a) and (b). At pH 7.0, the results indicate a rapid
removal in the first 30 minutes of contact, with approximately 53.16% for banana
and 69.66% for rice. The maximum removal rate was reached at 120 minutes for
banana, with 64.73% and 360 minutes for rice, with 91.72%.

The kinetic adsorption data were fitted with a pseudo first order model [12] and
pseudo second order model [13].

The kinetic pseudo-first order model does not adjust to copper adsorption by
banana and rice biomasses. While the pseudo-second order model based on the
adsorption capacity of the solid phase shows the processes of adsorption studies in
all time bands.

The kinetic data presented linearity (Figure 6(b)), with a correlation
coefficient of 0.99 for banana and 0.99 for rice. The qe calculated with val-
ues close to experimental ge. For banana, the values qe (14.05 mg g ), K,
(0.0012 L mg 1) and qe (2941 mgg 1, K, (0.0026 L mg 1) were obtained from
the slope and intersection of the straight line of the graph t/qt as a function of t,
according to Figure 6(b).

3.4.2 Lead

Figure 6(c) and (d) shows the results obtained for the kinetic test at the times
of 30, 120, 360, 720 and 1440 minutes. At pH 7.0, the data indicate a rapid adsorp-
tion of lead by banana biomass in the first 30 minutes of contact, with approxi-
mately 83% removal. While the biomass of rice removed about 75.9% in the first
120 minutes.

The kinetic adsorption data were fitted with a pseudo first order model and
pseudo second order model. The pseudo-first-order kinetic model does not fit the
adsorption of lead by banana or rice biomass. While the pseudo-second order model

10
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(a) Kinetics of Cu (II) adsorption by banana and rice biomass (b) pseudo-second ovder kinetic model of Cu
(1) adsorption by banana and rice biomass (c) kinetics of Pb (II) adsorption by banana and vice biomass
(d) pseudo-second order kinetic model of Pb (II) adsorption by banana and vice biomass. Initial [Cu®] and
[Pb**]: 20 mg L™"; pH: 7.0 + 0.3; shaking speed: 200 rpm; temperature: 25.0 + 0.3°C.

based on the adsorption capacity of the solid phase shows the adsorption process in
all time bands.

The kinetic data for the adsorption of lead by banana biomass present a high
linearity (Figure 6(d)), with correlation coefficient close to 1 (0.99) and calculated
Q. (26.60 mg g'l) with values close to experimental Q. (26.96 mg g'l). The values of
calculated Q. and K, (0.0014 L mg'l) were obtained from the slope and intersection
of the straight line of the graph t/qt as a function of t.

For the rice biomass, the correlation coefficient is also close to 1 (0.99), the
calculated Q. (23.81 mg g™") presented a value close to the experimental Q.

(23.92 mg g'l) at the end the K, through the 0.0006 L mg’jL slope of the line.

The adsorption capacities of copper and lead in banana and rice biomass are
compared with the studies on the types of materials of organic origin (Table 2). In
addition to the efficiency of the removal, it is easy to obtain and handle the adsorp-
tion capacity. Considering this, it is noticed that the studied materials present great
efficiency in the removal of metals from contaminated water. Worked biomasses are
cheap and easy to prepare because they are reused materials from common pro-
ductive activities in various regions, making this technology accessible to various
social levels.

Comparing the biomaterials of this study with the values found in the literature
(Table 2), the biomasses of banana peel and rice present better adsorption capaci-
ties, thus confirming the great potential of applying the material with real water
samples.

11
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Adsorbent Adsorption Capacity (mg.g™") pH Reference

Cu (II)

Aspergillus niger-treated rice straw 23.80 4.0 [29]

-6.0

Pine sawdust 9.59 7.0 [30]

Treated laterite 7.25 5.0 [31]

Hazelnut husk 6.64 5.7 [32]

Irish peat moss 1760 4.5 [33]

Banana peel 26.68 7.0 Present study

Rice husk 16.80 7.0 Present study

Pb (II)

Organo-mineral complex 1.59 7.0 [34]

Cucumber peel 133.60 5.0 [28]

Palm biomass 98.90 5.5 [35]

F. andina fibers 31.50 7.0 [36]

Biofilm on F. andina 35.90 7.0 [36]

Banana peel 133.71 7.0 Present study

Rice husk 33.33 7.0 Present study
Table 2.

Comparison between the adsorption capacities of different materials in copper and lead removal.

3.5 Application of the materials in real samples from environmental mariana

disaster region

The Figure 7 shows the concentration of metals (a) Cu (II) and (b) Pb (II)
before and after adsorption by using banana and rice biomasses at two points col-
lected in the city of Governador Valadares - MG in the years of 2016, 2017 and 2018.
For copper, the concentration at point 2 is higher when compared to point 1 in the
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(a) Adsorption of Cu (II) onto banana and vice biomass in samples collected from two points of a river in the
region of Governador Valadares, state of Minas Gerais, Brazil, (b) adsorption of Pb (II) onto banana and rice
biomass in samples collected from two points of a river in the region of Governador Valadares, state of Minas
Gerais, Brazil, (B.A- before adsorption; a.A- after adsorption; 2016/1- sample collected in 2016 at point 1;
2016/2- sample collected in 2016 at point 2; 2017/1- sample collected in 2017 at point 1; 2017/2- sample collected
in 2017 at point 2; 2018/1- sample collected in 2018 at point 1; 2018/2- sample collected in 2018 at point 2).
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same year, 2016: p1 (10.75 pg.L™") and p2 (28.29 pg.L™"), 2017: p1 (10.63 pg.L™") and
p2 (11.98 pg.L™"), 2018: p1 (10.75 pg.L™") and p2 (11.13 pg.L™"). For lead, with the
exception of the year 2016, p1 (1.58 pg.L™") and p2 (2.82 pg.L™"), the same trial was
observed, 2017: p1 (1.62 pg.L‘l) and p2 (1.27 pg.L‘l), 2018: p1 (1.72 pg.L'l) and p2
(1.6911 pg.L ).

Point 2, in all years, presented higher concentrations when compared to point
1, for both Cu (II) (28.29 pg.L'l) and Pb (II) (2.82 pg.L‘l). According to the US
EPA, the maximum limits for copper and lead are 1300.00 ug L™" and 15.00 pg.L™",
respectively. In spite of this, the concentrations of the studied metals reached very
close to zero after the treatment with banana and rice biomasses.

Seen this, the studied material shown efficiency in removal of copper and
lead in contaminated water even in real samples with several parameters outside
the ideal that cannot be controlled and altered. With this, these biomaterials have
application in real situations of contamination by metals with high removal rate and
low cost [37].

4. Conclusion

Finally, it can be concluded that the studies presented achieved results beyond
expectations, with high adsorption capacity. Isotherm studies demonstrate that the
Langmuir model is the most applicable in all analyzed cases. Studies of the effect
of pH indicated that the adsorption analyzed in the present work did not undergo
significant changes with the variation of pH values. Where, for both banana and
rice, the best Cu (IT) adsorption capacity, 34.11 mg.g™' and 34.37 mg.g™", respec-
tively, was at pH 5. For Pb (II), the highest adsorption capacity was also at pH 5
with 36.06 mg.g™" for bananas and 36.04 mg.g™" for rice. In the kinetics studies,
there was a fast adsorption, in all cases, in the first 30 minutes of adsorption more
than 60% of the metals had already been adsorbed. For tests on real samples, the
biomasses showed excellent performance in removing Cu (II) and Pb (II), reaching
concentrations close to zero after adsorption, indicating efficiency in environmen-
tal remediation. In view of this, the biomasses studied can be used to purify water
contaminated by mining or other sources. For future studies, the application of
biomass in the form of filters will be analyzed.

Acknowledgements
The present study was developed in the scope of a post-graduation, master’s dis-
sertation entitled: “Use of anana skin biomass and rice skin in removal copper (II)

and lead (II) of water samples from the region of Mariana environmental disaster”,
at the Federal University of the Valleys of Jequitinhonha and Mucuri.

13



Water Quality - Factors and Impacts

Author details

Mayra Santos', Vitor Silval, Thaini Andrade', Tamise Aquinol, Bruno Batista?,
Bruna Ferreiraz, Joao Mesquita3, Marcia Farial, Luiz Maia®

and Jairo Lisboa Rodrigues'

1 Federal University of the Jequitinhonha and Mucuri Valleys, Teéfilo Otoni, Brazil

2 Federal University of ABC, Santo André, Brazil

3 Federal University of The Jequitinhonha and Mucuri Valleys, Diamantina, MG,
Brazil

*Address all correspondence to: jairo.rodrigues@ufvjm.edu.br

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

14



Removal of Copper and Lead from Water in the Mariana Mining Disaster Using Biomass...

DOI: http://dx.doi.org/10.5772/intechopen.99668

References

[1] Deniz F, Karabulut A, Biosorption of
heavy metal ions by chemically
modified biomass of coastal seaweed
community : Studies on
phycoremediation system modeling and
design. Ecol. Eng. 2017; 106: 101-108.
https://doi.org/10.1016/j.
ecoleng.2017.05.024

[2] Rudorff N, Rudorff C M, Kampel M,
Ortiz G, Sensing monitoring of the
impact of a major mining wastewater
disaster on the turbidity of the Doce
River plume off the eastern Brazilian
coast. ISPRS Journal of
Photogrammetry and Remote Sensing
Remote. 2018. https://doi.org/10.1016/j.
isprsjprs.2018.02.013

[3] Instituto Mineiro de Gestao das
Aguas (IGAM), Monitoramento da
Qualidade das Aguas Superficiais do Rio
Doce no Estado de Minas Gerais. 75p.
2016. http://www.igam.mg.gov.br/.

[4] Conselho Nacional do Meio
Ambiente (CONAMA), Resolugdo n°®
357/2005, de 17 de margo de 2005.
Dispde sobre a classificagdo dos corpos
de dgua e diretrizes ambientais para o
seu enquadramento, bem como
estabelece as condigdes e padroes de
langamento de efluentes, e da outras
providéncias. Brasilia, DF: 2005. http://
www?2.mma.gov.br/port/conama/
legiabre.cfm?codlegi=459.

[5] Kumar R, Mudhoo A, Lofrano G,
Chandra M, Biomass-derived
biosorbents for metal ions sequestration
: Adsorbent modification and activation
methods and adsorbent regeneration.
Journal of Environmental Chemical
Engineering. 2014; 2: 239-259. https://
doi.org/10.1016/jjece.2013.12.019

[6] Sud D, Mahajan G, Kaur M P,
Agricultural waste material as potential
adsorbent for sequestering heavy metal
ions from aqueous solutions — A review.
Bioresource Technology. 2008;99:

15

6017-6027. ttps://doi.org/10.1016/j.
biortech.2007.11.064

[7]1 Lenardio E ], Dabdoub M J,
Batista C F, “Green chemistry” — os 12
principios da quimica verde e sua
inser¢do nas atividades de ensino e
pesquisa. Quimica Nova.2003; 26:
123-129. http://dx.doi.org/10.1590/
S0100-40422003000100020

(8] Gupta V K, Nayak A, Agarwal S,
Bioadsorbents for remediation of heavy
metals : Current status and their future
prospects. Environ. Eng. Res. 2015; 20:
1-18. http://dx.doi.org/10.4491/
eer.2015.018.

[91 Gao H, LiuY, Zeng G, Xu W, Li T,
Xia W, Characterization of Cr (VI)
removal from aqueous solutions by a
surplus agricultural waste-Rice straw. J.
Hazard. Mater. 2008; 150: 446-452.
https://doi.org/10.1016/j.
jhazmat.2007.04.126.

[10] Hossain M A, Ngo H H, Guo W S,
Nguyen T'V, Biosorption of Cu (1I')
From Water by Banana Peel Based
Biosorbent : Experiments and Models of

Adsorption and Desorption. Journal of
Water Sustainability. 2012; 2: 87-104.

[11] Weber T W, Chakrovorti R K, Pore
and Solid Diffusion Models for 20. 1974;
20: 228-238. https://doi.org/10.1002/
2ic.690200204.

[12] Lagergren S, About the theory of
so-called adsorption of soluble
substance. Kungliga Svenska
Vetenskapsakademiens Handlingar.
1898; 24:1-39.

[13] Ho Y S, Mckay G, Pseudo-second
order model for sorption processes.
Process Biochemistry 1999; 34: 451-465.

[14] Companhia Ambiental do Estado de
S3o Paulo (CETESB), 2011, Guia
nacional de coleta e preservacdo de



Water Quality - Factors and Impacts

amostras: agua, sedimento,
comunidades aquaticas e efluentes
liquidos. http://www.cetesb.sp.gov.br.

[15] United States Environmental
Protection Agency (USEPA), 2000,
Technologies and costs for removal of
arsenic from drinking water. Target.
Anal. Branch Stand. Risk Manag. Div.
Off. Gr. Water Drink. Water United
States Environ. Prot. Agency
Washington, D.C. 30:1497-1505. https://
www.epa.gov/.

[16] Pino G A H, Biossor¢ao de Metais
Pesados Utilizando Pé da Casca de Coco
Verde (Cocos nucifera). Dissertagao
(Mestrado). Pontificia Universidade
Catdlica, Rio de Janeiro, 2005.

[17] Saikia R, Chutia R S, Kataki R, Pant
K K, Perennial grass (arundo donax1.)
as a feedstock for thermo-chemical
conversion to energy and materials.
Bioresour. Technol. 2015; 188: 265-272.
https://doi.org/10.1016/j.
biortech.2015.01.089

[18] Boniolo M R, Biossorc¢ao de uranio
nas cascas de banana. Dissertagao
(mstrado). Universidade de Sio Paulo.
Sao Paulo, 2008.

[19] Salim R M, Jalal A, Chowdhury K,
Rayathulhan R, Yunus K, Sarkar Z I,
Biosorption of Pb and Cu from aqueous
solution using banana peel powder
3994. Desalination and Water
Treatment. 2015; 1: 1-1:12. https://doi.
org/10.1080/19443994.2015.1091613.

[20] Rafig M K, Bachmann RT, Shang Z,
Rafig M T, Joseph S, Long R, Influence
of Pyrolysis Temperature on Physico-
Chemical Properties of Corn Stover
(Zeamays L.) Biochar and Feasibility

for Carbon Capture and Energy Balance.

PLoS One 11. 2016; 1: 1-17. https://doi.
org/10.1371/journal.pone.0156894.

[21] Yang ], Zeng ], Wen L, Zhu H,

Jiang Y, John A, Yu L, Yang B, Effect of
morin on the degradation of

16

water-soluble polysaccharides in banana
during softening. Food Chem. 2019; 287:
346-353. https://doi.org/10.1016/].
foodchem.2019.02.100.

[22] Chaves T F, Queiroz Z F, SousaD N
R, Girdo ] H, Uso da cinza da casca do
arroz (CCA) obtida da geragdo de
energia térmica como adsorvente de Zn

(II) em solugbes aquosas. Quimica
Nova, 2009; 32: 1378-1383.

[23] Sun], Li M, Zhang Z, Guo ],
Unravelling the adsorption disparity
mechanism of heavy-metal ions on the
biomass-derived hierarchically porous
carbon. Applied Surface Science. 2019;
471: 615-620. https://doi.org/10.1016/j.
apsusc.2018.12.050.

[24] Sepulveda L A, CuevasF A,
Contreras E G, 2015. Valorization of
agricultural wastes as dye adsorbents:
Characterization and adsorption
isotherms. Environ. Technol. 2015; 36:
1913-1923. https://doi.org/10.1080/0959
3330.2015.1016119

[25] Rahbar N, Jahangiri A, Boumi S,
Khodayar M J, Mercury removal from
aqueous solutions with chitosan-coated
magnetite nanoparticles optimized
using the box-behnken design.
Jundishapur J. Nat. Pharm. Prod. 2014;
9:1-7. https://doi.org/10.17795/
jjnpp-15913.

[26] Hott R C, Andrade T G, Santos M S,
Lima A CF, FariaM CS, Bomfeti CA,
Barbosa F, Maia L F O, OliveiraLC A,
Pereira M C, Rodrigues ] L, Adsorption
of arsenic from water and its recovery as
a highly active photocatalyst. Environ.
Sci. Pollut. Res. 2016; 23: 21969-21979.
https://doi.org/10.1007/
s11356-016-7441-3

[27] Salim R M, Chowdhury A J K,
Rayathulhan R, Yunus K, Sarkar M Z 1,
Biosorption of Pb and Cu from aqueous
solution using banana peel powder.
Desalination and Water Treatment.
2015; 1: 1-1:12. DOI: 10.1080/19443994.
2015.1091613.



Removal of Copper and Lead from Water in the Mariana Mining Disaster Using Biomass...

DOI: http://dx.doi.org/10.5772/intechopen.99668

[28] Basu M, Guha A K, Ray L,
Adsorption of Lead on Cucumber Peel.
Journal of Cleaner Production. 2017;
151: 603 - 615. http://dx.doi.
org/10.1016/jjclepro.2017.03.028.

[29] Wang ], Cui H, Cui C, Xing D, 2016.
Biosorption of copper (II) from aqueous
solutions by Aspergillus niger -treated
rice straw. Ecol. Eng. 2016; 95: 793-799.
https://doi.org/10.1016/j.
ecoleng.2016.07.019

[30] Semerjian L, Environmental
Technology & Innovation Removal of
heavy metals (Cu, Pb) from aqueous
solutions using pine (Pinus halepensis)
sawdust : Equilibrium , kinetic, and
thermodynamic studies. Environ.
Technol. Innov. 2018; 12: 91-103. https://
doi.org/10.1016/j.eti.2018.08.005

[31] Rani K S, Srinivas B, Naidu K G,
Ramesh K'V; 2018. Removal of copper
by adsorption on treated laterite.
Materials Today: Proceedings . 2018; 5:
463-469. https://doi.org/10.1016/].
matpr.2017.11.106

[32] Imamoglu M, Tekir O, Removal of
copper (II) and lead (II) ions from
aqueous solutions by adsorption on
activated carbon from a new precursor
hazelnut husks. Desalination. 2008; 228:
108-113. DOI:10.1016/j.desal.2007.08.011

[33] Gupta B S, Curran M, Hasan S,
Ghosh T K, 2009. Adsorption
characteristics of Cu and Ni on Irish
peat moss. Journal of Environmental
Management. 2009; 90: 954-960.
https://doi.org/10.1016/j.
jenvman.2008.02.012

[34] Fan C, Du B, Zhang Y, Ding S,
GaoY, Chang M, Adsorption of lead on
organo-mineral complexes isolated from
loess in Northwestern China. Journal of
Geochemical Exploration. 2016; 1: 1-7.
https://doi.org/10.1016/j.
gexplo.2016.02.012

[35] Amin M T, Alazba A A, Shafiq M,
Application of biochar derived from

17

date palm biomass for removal of lead
and copper ions in a batch reactor:
kinetics and isotherm scrutiny. Chemical
Physics Letter. 2019; https://doi.
org/10.1016/j.cplett.2019.02.018

[36] Rodriguez ] J G, Rivera A CR,
Bennevitz M RV, Living biomass
supported on a natural-fiber biofilter for
lead removal. Journal of Environmental
Management 231 (2019) 825-832.
https://doi.org/10.1016/j.
jenvman.2018.11.004

[37] Santos M S, Uso de biomassa de
casca de banana e casca de arroz na
remocao de cobre (II) e chumbo (II) de
amostras de agua da regido do desastre
ambiental de Mariana, Dissertagdo
(mestrado), Universidade Federal dos
Vales do Jequitinhonha e Mucuri, Teéfilo
Otoni - MG, 2019.



