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The efficiency of the grape stalk as a biosorbent for the malachite green removal from natural waters and industrial effluents was
investigated in this work. For the optimization of experimental variables, a central composite design was used, in which the effect
of pH and biosorbent dose was evaluated on biosorption capacity and removal percentage. Optimal parameters of pH 5 and
biosorbent dose of 0.80 g L-1 allowed a malachite green removal percentage of 87.7%. Data obtained from kinetic studies were
fitted with the pseudo-second-order model. The maximum biosorption capacity was determined using the Langmuir
equilibrium model, reaching a value of 214.2mg g-1. The biosorption process was thermodynamically favorable and
spontaneous at room temperature. The calculated value of biosorption enthalpy change indicated that the nature of the process
was exothermic and physical. The biosorption process was applied in natural waters and industrial effluent samples, obtaining
removal percentages up to 84.3%, which demonstrates the efficiency of grape stalks for the treatment of complex matrices.

1. Introduction

One of the main activities that plays an important role in
the economy of many countries is derived from the textile
industry [1, 2]. This industry is considered one of the larg-
est generators of wastewater because it uses significant vol-
umes of fresh water in all production stages. In fact, it has
been reported that approximately 200 L of water is used
on average to make 1 kg of textiles [3–5]. The wastewater
generated by the textile industry contains a large amount
of colored compounds and toxic chemical products that
can cause serious damage to the health of living beings if
they are discharged into the environment without prior
decontamination treatment [1, 2]. The presence of syn-
thetic dyes in effluents represents a serious environmental
problem because they are not biodegradable under natural
conditions [6, 7].

Malachite green (MG) or 4{[4-(dimethylamino)phe-
nyl](phenyl)methylidene}-N,N-dimethylcyclohexa-2,5-dien-
1-iminium chloride is a synthetic cationic dye of diaminotri-
phenylmethane N-methylated [8]. This organic compound
is used in the textile industry for dyeing wool, cotton, and
silk, in the tannery for dyeing leather; in the paper industry,
ceramics; and in aquaculture as a bactericide, fungicide, and
parasiticide [9]. The presence of MG in the environment
represents a risk to human health, since it is considered a
multiorgan toxin, and its toxicity increases with exposure
time, temperature, and concentration [10–12]. This dye
can enter to the food chain via contaminated water or con-
taminated fish, shrimp, and crabs, causing effects on human
health such as skin, gastrointestinal, and respiratory irrita-
tion. It can also cause carcinogenesis, mutagenesis, and ter-
atogenesis [13–16]. Taking into account the previous
aspects, studies focused on the development of technologies
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for the MG removal from contaminated matrices are of
great relevance, not only for the preservation of public
health but also for the environmental protection.

In recent years, different treatment technologies have
been used to remove MG from aqueous solutions, natural
waters, and/or industrial effluents, including biological pro-
cesses [17], chemical methods such as oxidation [18], and
physical treatments including the use of membranes [19].
Although these treatments have been widely used for the
removal of toxic dyes from contaminated sites, they gener-
ally have the limitation of being expensive, requiring high
energy expenditure, and producing concentrated sludge. As
a promising alternative, adsorption arises for its effectiveness
and cost-effective characteristics, which have been exploited
using different solid phases [20–23]. In this sense, biosorp-
tion has been highlighted in recent years to reduce textile
dye concentrations from contaminated matrices through a
low-cost and environmentally friendly way [24], using raw
materials available in nature that do not require complex
processing prior to their use [25].

Within the great variety of biosorbents, plant residues
have allowed the development of a wide range of dye
removal processes, which have the advantages of low cost,
high abundance, and generating few by-products [25, 26].
Although it has been reported the use of grapevine plant
components as biosorbents for some pollutants [27, 28], fur-
ther contributions are desirable to study additional pollut-
ant/plant biosorbent systems for the decontamination of
real samples. In this way, the novelty of this work was
focused on the use of the grape stalk as a biosorbent for
the removal of MG from natural water samples and indus-
trial effluents. The grape stalk was selected as a biosorbent
material considering that it is a component of the vine plant
and also a residue from the wine industry, which makes it an
economical, easy-to-obtain, abundant, and alternative mate-
rial to be used in water cleaning. Thus, the objective of this
work was to test and characterize the performance of a
novel, efficient, economical, and environmentally friendly
laboratory-scale biosorption process that allows the mala-
chite green removal from natural water and industrial efflu-
ent samples using grape stalks. The optimization, kinetic,
and thermodynamic studies were performed to evaluate
the MG biosorption process. To the best of our knowledge,
this is the first time that grape stalk has been used as a bio-
sorbent for the removal of MG from aqueous environmental
samples.

2. Materials and Methods

2.1. Biosorbent Preparation. The grape stalks (Vitis vinifera)
were obtained in Mendoza province, Argentina. The biosor-
bent was prepared by manually selecting the stalks, washing
them with tap water, and then rinsing them with distilled
water. The stalks were lyophilized (VirTis Freezemobile,
Model 6, USA), and the material was pulverized using a mill
(Ultracomb, MO-8100A, Argentina) and sieved to obtain a
homogeneous particle size from 80 to 106μm and a BET
surface area of 0.42m2 g-1. These grape stalks were used for
subsequent experiments.

2.2. Characterization Techniques. To study the charge on the
biosorbent surface at the working pH, the pH of the point
of zero charge (pHpzc) was determined by adapting a proce-
dure previously reported in the literature [29]. Erlenmeyer
flasks containing 50mL of NaCl solution with a concentra-
tion of 0.01mol L-1 were used. The pH of each solution was
adjusted from 2 to 12, using solutions of 0.1mol L-1 HCl
and 0.1mol L-1 NaOH. Then, 150mg of biosorbent was
added and subjected to thermostatic agitation (Arcano
SHZ-88, China) for 24 h at 298K. After this time, the final
pH of each solution was measured. The pHpzc was obtained
by intersecting the curve of final and initial pH.

The functional groups present on the biosorbent sur-
face were characterized before and after the biosorption
process by Fourier transform infrared spectroscopy (FT-
IR) (PerkinElmer, Spectrum Two) under the attenuated
total reflectance (ATR) mode. FT-IR spectra were analyzed
in a wavenumber range of 4000 to 400 cm-1.

In addition, the scanning electron microscope (SEM)
(JEOL, JSM-6610LV, Japan) was used to evaluate the surface
morphology of grape stalks before and after the biosorption
process. To perform the scanning, the samples were spread
on 12mm diameter PELCO carbon stubs with a bifaced con-
ductive tape in the X-, Y-, and Z-axes. They were covered
with gold and observed by SEM at 5 kV, and the working
distance (WD) was 11mm.

2.3. Reagents and Solutions. Malachite green dye (4{[4-
(dimethylamino)phenyl](phenyl)methylidene}-N,N-dimethyl-
cyclohexa-2,5-dien-1-iminium chloride; CI 42000; molecular
formula C23H25ClN2; molecular weight 364.91 gmol-1; λmax =
619nm) came from Vetec (Brazil). A standard dye stock
solution with a concentration of 1000mgL-1 was prepared,
and dilutions were made with distilled water. To adjust
the pH of each solution, a pH meter (Apera Instruments,
PC910, China) and 0.1mol L-1 NaOH and HCl solutions
were used.

2.4. Biosorption Experiments. The biosorption experiments
were performed in a batch system, placing firstly 25mL of
MG solution with a concentration of 50mgL-1 in Erlenmeyer
flasks. The pH of each solution was adjusted to 3, 5, and 7.
Then, 20, 40, or 60mg of biosorbent were added to the MG
solutions. The Erlenmeyer flasks were placed under ther-
mostatic agitation at 140 rpm for 120min at room temper-
ature. After that, the solid phase was separated from the
aqueous phase by centrifugation at 3000 rpm for 5min.
Blank adsorption experiments were also performed without
the biosorbent to check that no dye molecule was adsorbed
on the wall of the Erlenmeyer flasks.

Kinetic studies were performed once the optimal condi-
tions of biosorption experiments were determined. In these
experiments, 25mL of MG solutions with initial concentra-
tions of 50 and 100mgL-1 was utilized. The pH was adjusted
to 5, and 20mg of biosorbent was added to each solution.
The Erlenmeyer flasks were placed under agitation with a
stirring speed of 140 rpm at room temperature, and different
contact times ranging from 0 to 180min were evaluated.
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After that, the phases were separated by centrifugation at
3000 rpm for 5min.

For the equilibrium assays, dye solutions were prepared
at initial concentrations of 25, 50, 100, 150, 200, and
300mgL-1. Solutions were adjusted to optimum pH, and
20mg of biosorbent was added to each Erlenmeyer flask,
which was placed under agitation for 120min at tempera-
tures of 298, 308, 318, and 328K. Finally, a centrifugation
step at 3000 rpm for 5min was performed to separate the
solid phase from the aqueous solution.

The MG concentration was determined in all the afore-
mentioned experiments in the aqueous phase obtained after
centrifugation by UV-Vis spectrophotometry (Shimadzu,
UV-1800), at the maximum wavelength (616 nm). Calibra-
tion was performed with blank solutions and standard aque-
ous solutions.

The percent dye removal (%R) was calculated using
Equation (1) and the biosorption capacity, qt (mg g-1), at
time t was determined by Equation (2):

R = C0 − Ceð Þ
C0

× 100, ð1Þ

qt =
V C0 − Ctð Þ

m
, ð2Þ

where C0, Ce, and Ct (mgL-1) are dye concentrations in the
liquid phase at the initial, equilibrium, and any time t,
respectively. V (L) is the solution volume, and m (g) is the
biosorbent mass.

2.5. Multivariate Optimization of Removal Conditions. The
optimization of the experimental variables considered
important in the biosorption process (pH and biosorbent
dose) was performed using a central composite design cen-
tered on faces 32, where the biosorption capacity and the
removal percentage were represented as a function of the
pH (3, 5, and 7) and the dose of biosorbent (0.80, 1.60,
and 2.50 g L-1). The adsorption capacity and dye removal
were expressed with the following equation:

q = a + 〠
n

i=1
bixi + 〠

n

i=1
biix

2
i + 〠

n−1

i=1
〠
n

j=i+1
bijxixj, ð3Þ

where “a” is the constant coefficient, “bi” is the linear coeffi-
cients, “bij” is the interaction coefficients, “bii” is the qua-
dratic coefficients, and “xi” and “xj” are the coded values
of the variables [30]. The statistical significance of nonlinear
regression was evaluated by analysis of variance (ANOVA),
and the quadratic polynomial equation of the model was
evaluated by Fisher’s test. The results obtained were analyzed
using the software STASTISTICA 9.1 (StatSoft Inc., USA).

2.6. Kinetic and Isothermal Models. For a better understand-
ing of the biosorption process, pseudo-first-order (PFO)
and pseudo-second-order (PSO) kinetic models were
assessed. Regarding equilibrium biosorption, the experi-
mental data were fitted to the Langmuir and Freundlich

isotherm models [31, 32]. The equations are detailed in
Supplementary material 1.

2.7. Thermodynamic Studies. The values of the standard
Gibbs free energy change (ΔG ° , kJ mol-1), enthalpy change
(ΔH ° , kJ mol-1), and entropy change (ΔS ° , kJ mol-1) were
estimated as it is explained in Supplementary material 2 [33].

2.8. Modeling and Estimation of Parameters. The kinetic
parameters and adsorption isotherms were determined by
nonlinear regression using the software STATISTICA 9.1.
Fitting quality was measured according to the determination
coefficient (R2), Fisher’s test (F), and the average relative
error (ARE) where these values were calculated as it is
described in Supplementary material 3 [34].

2.9. Application of Grape Stalk Biosorbent to Real Samples.
The natural water samples were collected in different sectors
of the region and extracted as aliquots in labeled, clean, and
dry containers. The seawater sample came from Chile, the
river water sample came from San Luis (Argentina), and
the dam and well water samples came from the Potrerillos
Dam and Corralitos town in Mendoza (Argentina).

The agricultural effluent was provided by the Bromatologi-
cal Laboratory of Junín (Mendoza, Argentina), and the textile
effluent was obtained from a jeans factory. The effluents were
collected in clean containers and kept at low temperatures.

Moreover, a synthetic textile effluent (pH5) was prepared
considering a previously described procedure [35], which con-
tained the following components: CaSO4 (130mgL-1), CaCl2
(312mgL-1), NaHCO3 (520mgL-1), MgSO4 (316mgL-1),
crystal violet (5mgL-1), and methylene blue (1mgL-1). All
samples were prepared by placing 25mL in Erlenmeyer flasks
and adding MG concentrations of 25 and 50mgL-1. The pH
was adjusted to the optimum value, and 20mg of stalks was
added. The solutions were stirred for 120min at room temper-
ature, with a stirring speed of 140 rpm. Then, the solid phase
was separated from the aqueous phase by centrifugation at
3000 rpm for 5min. The concentration of MG in the superna-
tant was determined by UV-Vis spectrophotometry before
and after the biosorption process.

3. Results and Discussion

3.1. Biomaterial Characterization. The biosorbent was char-
acterized by pHpzc, FTIR, and SEM. The pHpzc of the biosor-
bent was 4.5 (Figure 1). This pHpzc value indicates that the
surface of the grape stalk stem is negatively charged at pH
values > 4.5, while the biosorbent surface is positively
charged at pH values < 4.5 [36]. Therefore, it is expected that
the grape stalk-MG system will be favored at pH levels
higher than the pHpzc, due to the dye molecules that are pos-
itively charged.

Figure 2 shows the FTIR spectra obtained for the grape
stalk before and after the biosorption process. In the spec-
trum of stalk grape obtained before the biosorption process,
the characteristic absorption band of the plant-derived bio-
sorbent could be observed at 3277 cm-1, which is due to
the stretching of the O-H and N-H bonds. On the other
hand, the absorption bands of stretching of C-H groups in
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olefinic chains can be seen at 2918 and 2853 cm-1 [37]. The
signal at 1726 cm-1 could correspond to the absorption of
ester-type carbonyl groups and the band at 1598 cm-1 to
vibrations coming from an aromatic nucleus. Finally, the
absorption band of the aromatic type vibrations of C-O
groups was observed at 1030 cm-1, which is a characteristic
of the lignin structure present in the grape stalk [38, 39].
After the biosorption process (MG-stalk), some absorption
band shifts corresponding to O-H and N-H stretches were
observed, which could suggest that the dye was adsorbed
on the surface of the biosorbent through the O-H and N-H
groups as adsorption sites [40]. The absorption band shifts
at 1040, 1581, and 1363 cm-1 were also observed, indicating
that the aromatic C-O, C=C, and C-N groups could be
involved in the biosorption process.

SEM micrographs of the grape stalk were obtained
before and after the biosorption process (Figure 3). Before
the biosorption process, roughness and heterogeneity were
observed on the surface of the grape stalks (Figure 3(a)).
After the dye adsorption, changes were observed on the stalk
surface, presenting smoothness and softness, being able to
conclude that the grape stalk adsorbed the MG dye on its
surface (Figure 3(b)).

3.2. Experimental Design for the Optimization of Malachite
Green Biosorption. The experimental design matrix and the
results obtained through the use of a central composite
design centered on faces 32 can be seen in Table 1. It can
be observed that the MG removal percentages were high
for all the tested pH values and biosorbent doses. These
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Figure 1: Point of zero charge obtained for the grape stalk.
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Figure 2: FTIR spectra of grape stalk (red line) and grape stalk with adsorbed MG (black line).
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results are positive since they exhibit the versatility of the
system under study in terms of pH experimental conditions.
On the other hand, it was also observed that the biosorption
capacities change as the biosorbent dose varies, increasing
the response as the biosorbent dose decreases, which is con-
venient due to the highest biosorption capacity that was
obtained using a minimum stalk amount.

The significance of the variables on the percentage of
removal and the biosorption capacity was evaluated using
the Pareto diagrams; the graphs can be seen in Supplemen-
tary Figure 1. Analysis of variance (ANOVA) was used to
verify the statistical significance of the biosorbent dose and
pH on the removal and biosorption capacity responses.
The analysis showed that both variables and their linear,
quadratic, and interaction effects were significant (p = 0:05).
Statistical polynomial quadratic models showed the removal
percentage (Equation (4)) and the biosorption capacity
(Equation (5)) as a function of the biosorbent dose (x1) and
the pH (x2).

R = 95:29 + 1:06x21 − 1:63x22 + 5:36x1 − 2:94x2 − 0:50x1x2,
ð4Þ

q = 30:08 + 0:89x21 − 0:99x22 − 16:83x1 + 7:50x2 − 0:66x1x2:
ð5Þ

AnANOVA and a Fisher test were performed to verify the
significance and predictivity of the statistical models,
respectively. The determination coefficient values for both
responses were high (R2 = 0:968 and 0.998), which indicates
that the models were significant and adequately described
the relation between the variables. The calculated F values
(Fcal = 74:74 and 1248.58) were found to be above the Fisher
standard value (Fstd = 3:106), indicating that the quadratic
models were predictive.

From the statistical models, response surface graphs were
made for both the removal percentage and the biosorption
capacity. Figure 4(a) shows the response surface graph to repre-
sent the removal percentage as a function of the independent
variables. It can be seen that an increase in the biosorbent dose
caused an increase in the removal percentage. Regarding the
behavior as a function of pH, a slight influence on the response
was observed from pH5, which could be explained through the
pH of the medium, since the working pH value is higher than
the pHpzc of the biosorbent. In this way, the surface of the stalk
is negatively charged, thus being able to interact with the posi-
tively charged dye molecules [29]. Figure 4(b) shows that the
biosorption capacity decreased when the biosorbent dose is
increased. Based on the results obtained in the modeling and
the statistical optimization of variables, the optimal experimen-
tal conditions were defined at pH5 and a biosorbent dose of
0.80gL-1; under these conditions, it was possible to remove
87.7% of MG and reach a biosorption capacity of 54.8mgg-1.

Figure 3: SEM micrographs of (a) grape stalk and (b) grape stalk with adsorbed MG.

Table 1: Experimental design matrix and results for MG biosorption by grape stalk.

Experiment pH [coded form] Biosorbent dosage (g L–1) [coded form] R (%)a q (mg g–1)

1 3 [–1] 0.80 [–1] 84:6 ± 3:0 52:1 ± 2:5
2 3 [–1] 1.60 [0] 91:2 ± 3:1 28:5 ± 1:4
3 3 [–1] 2.40 [+1] 96:0 ± 3:2 20:0 ± 1:3
4 5 [0] 0.80 [–1] 87:7 ± 3:0 54:8 ± 2:4
5 5 [0] 1.60 [0] 95:3 ± 3:2 29:8 ± 1:5
6 5 [0] 2.40 [+1] 96:3 ± 3:4 20:0 ± 1:2
7 7 [+1] 0.80 [–1] 86:6 ± 3:0 53:8 ± 2:5
8 7 [+1] 1.60 [0] 95:7 ± 3:1 29:9 ± 1:5
9 7 [+1] 2.50 [+1] 96:8 ± 3:2 20:1 ± 1:2
Note: R: malachite green removal percentage; q: biosorption capacity. aMean ± standard deviation (n = 3).
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3.3. Biosorption Kinetic Curves and Modeling. Figure 5 shows
the MG adsorption kinetics. It is possible to observe that,
during the first 5min of the removal process, there was a
marked increase in the biosorption capacity. Equilibrium
time was established at approximately 120min. An increase
in the biosorption capacity could also be seen when the dye
concentration increased; this is attributed to the fact that the
initial MG concentration acted as a driving force, since it
would allow overcoming the resistance to mass transfer
between the aqueous and solid phases [40].

In order to deeply understand the MG biosorption pro-
cess on grape stems, PFO and PSO kinetic models were
tested to adjust the obtained experimental kinetic data.
Table 2 shows the kinetic parameters for the proposed
models. From the analysis of the results, the PSO model
showed a better fit with the experimental data because it
presented a high R2 and lower ARE than those obtained
for the PFO model. It was observed that the highest value
of q2 was reached at an MG concentration of 100mgL-1.
This maximum amount of adsorbed MG predicted by the
models was comparable with that obtained experimentally,
which suggests that they can be used for the reliable analysis
of this system.

The value of the initial biosorption rate (h0) decreased
for higher dye concentrations, making the biosorption faster
when the initial dye concentration was 50mgL-1. This situa-
tion may be due to a decrease in the active biosorption sites
available on the surface of the biosorbent [41].

3.4. Equilibrium Study and Theoretical Modeling. The bio-
sorption isotherm study was performed at four temperatures
(298, 308, 318, and 328K). Figure 6 shows the isotherms at
all tested temperatures. It can be seen that the increase in
temperature generated a decrease in the biosorption capac-

ity; this behavior is associated with an exothermic process
and means considerable energy savings in the process, since
it must be developed at room temperature to achieve the
highest response.

Two isothermal models (Langmuir and Freundlich) were
used to correlate the experimental equilibrium data. The
selection of the models was based on the convex shape of
the isotherms obtained, which agree with type I isotherms
and can be adjusted to these models [42]. Table 3 shows
the biosorption isotherm parameters obtained at all temper-
atures. It can be seen that the Langmuir model presented the
highest values of R2 and the lowest values of ARE at all stud-
ied temperatures. Therefore, the Langmuir isotherm model
was selected as the most appropriate because it better
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Figure 5: Biosorption kinetic curve using 50mg L-1 and 100mg L-1 as initial concentrations of MG (biosorbent dose: 0.80 g L-1, pH 5, and
T = 298K).

Table 2: Kinetic parameters for MG adsorption by grape stalk.

Model
Initial concentration of MG

50mg L-1 100mg L-1

Pseudofirst order

k1 (min-1) 0.407 0.209

q1 (mg g-1) 51.8 85.2

R2 0.995 0.979

ARE (%) 1.99 4.85

Pseudosecond order

k2 (gmg-1min-1) 0.022 0.004

q2 (mg g-1) 53.1 89.9

h0 (mg g-1min-1) 62.0 32.3

R2 0.998 0.996

ARE (%) 1.23 1.72

qexp (mg g-1) 54.2 91.0
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described the MG biosorption process at equilibrium, which
allows assuming a homogeneous distribution of adsorption
sites and the formation of a monolayer dye on the biosor-
bent surface [43, 44].

The maximum biosorption capacity decreased when
increasing temperature, which indicates that the biosorption
process is favored at room temperature; the maximum value
was 214.2mg g-1. These results are similar to those obtained
in other studies involving the MG adsorption on different
biosorbent materials, such as agricultural residues [45],
sludge [46], and leaves [47].

3.5. Biosorption Thermodynamic Behavior. Table 4 shows
the thermodynamic parameters obtained from the grape
stalk-MG biosorption process. Negative values of ΔG ° can
be observed, indicating that the biosorption process was
favorable and spontaneous at all studied temperatures. The
negative value of ΔH ° showed the exothermic nature of
the biosorption process. The magnitude of the standard

enthalpy changes was consistent with a process of physical
adsorption type. These results are in agreement with those
obtained in the FTIR spectra, so it could be thought that
the interaction between the functional groups present on
the surface of the biosorbent and the dye molecule would
occur through weak interactions that respond to a physical
adsorption process. Finally, ΔS ° presented a positive value,
which suggests a good affinity of the dye molecules towards
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Figure 6: Isotherm curves of MG adsorption by grape stalk (biosorbent dose: 0.80 g L-1 and pH5).

Table 3: Parameters of the equilibrium models tested for the biosorption of MG on grape stalks.

Model
Temperature (K)

298 308 318 328

Langmuir

qm (mg g−1) 214.2 201.6 183.9 166.6

kL (Lmg−1) 0.070 0.069 0.070 0.067

R2 0.997 0.998 0.998 0.996

ARE (%) 3.45 4.10 3.78 4.55

Freundlich

kF ((mg g−1) (mg L−1)−1/nF) 36.9 35.8 34.7 30.5

1/nF 2.85 2.88 3.03 2.96

R2 0.986 0.987 0.985 0.986

ARE (%) 16.3 14.0 13.8 11.8

Table 4: Thermodynamic parameters for MG adsorption using
stalks.

Temperature (K)
ΔG °

(kJMol-1)
ΔH °

(kJMol-1)
ΔS °

(kJMol-1 K-1)

298 -23.80 -8.09 0.05

308 -24.40

318 -24.98

328 -25.36
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the biosorbent and showed an increase in the randomness of
the molecules in the solid-liquid interface during the bio-
sorption process [29, 44, 48].

3.6. Comparative Study of the Biosorption Efficiency. The
biosorption efficiency obtained in this research work was
evaluated by conducting a comparative study of different

biosorbent-MG systems previously reported in the literature.
The maximum biosorption capacity obtained in the present
work was higher than those reported using other biosorbent
materials, which suggests that stalks are promising materials
for MG removal. Table 5 shows that other works used higher
biosorbent doses to remove similar MG concentrations in
comparison with our contribution. The stalk is an economic

Table 5: Comparison of MG removal using different biosorbents previously reported.

Biosorbent
Optimum working conditions

R (%)(a) qm (mg g-1)(b) Reference
pH

Biosorbent dosage
(g L-1)

Contact time
(min)

Temperature
(K)

Garlic root biomass 8.00 1.60 120 288 55.8 172 [40]

Pomegranate peel 6.00 0.10(c) 90 323 99.1 31.4 [49]

Sargassum swartzii macroalgae 10.0 0.10(c) 180 303 n.r.(d) 76.9 [50]

Limonia acidissima (wood apple) 7.50 0.05 210 299 98.9 35.8 [51]

Potato peel 4.00 0.25(c) n.r. 318 n.r. 35.6 [52]

Rice husks 7.00 0.10(c) 40 296 95.7 6.50 [53]

Luffa acutangula peel 4.00 8.00 180 303 92.1 69.6 [54]

Grape stalk 5.00 0.80 120 298 87.7 214 This work
(a)R: MG removal percentage. (b)q: biosorption capacity. (c)Biosorbent dosage expressed in grams. (d)Value not reported.

Table 6: Percentages of MG removal in samples of natural waters and effluents (95% confidence interval; n = 6).

Sample
MG

Removal
(%)

Aggregate
(mg L-1)

Found in aqueous
phase (mg L-1)

Seawater

0 n.d.(∗) —

25 6:3 ± 0:7 74.8

50 20:1 ± 2:1 59.8

River water

0 n.d. —

25 6:7 ± 0:7 72.8

50 16:7 ± 1:8 66.4

Dam water

0 n.d. —

25 6:0 ± 0:6 75.9

50 14:2 ± 1:6 71.6

Well water

0 n.d. —

25 6:3 ± 0:7 74.8

50 30:4 ± 2:3 58.2

Agricultural effluent

0 n.d. —

25 2:9 ± 0:3 88.2

50 8:9 ± 2:1 82.0

Simulated textile
effluent

0 n.d. —

25 1:9 ± 0:2 92.5

50 5:7 ± 2:1 88.6

Real textile effluent

0 4:6 ± 0:5 84.3

25 7:3 ± 0:7 70.8

50 16:7 ± 1:5 66.6
(∗)n.d.: not detected.
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biomaterial that was used at very low doses for the removal
of the pollutant at the assayed concentrations.

3.7. Grape Stalk Application for MG Removal in Real
Samples. The stalk biosorbent was applied to real samples
of natural water from various sources, to textile and agri-
cultural effluents, and to a synthetic effluent. The results
can be seen in Table 6. The removal percentages were
high in the natural water samples, which indicated that
the stalk was efficient as a biosorbent for the MG removal
from complex matrices. In the case of real effluents,
removal percentages above 60.0% were recorded, which is
extremely positive considering that an inexpensive and
easily accessible biosorbent material is being used. It
should be noted that the removal percentage in the real
textile effluent sample without added MG was 84.3%,
which demonstrated the efficiency of the stalk as a biosor-
bent for the textile wastewater treatment.

4. Conclusions

Grape stalk was studied as a biosorbent for the removal of
MG from natural water samples and industrial effluents.
Under optimal conditions, the dye removal was 87.7%.
The PSO kinetic model was the best to fit the experimental
data. The Langmuir isotherm model adequately represented
the biosorption process, reaching a maximum biosorption
capacity of 214.2mg g-1. From thermodynamic studies, it
was possible to establish that the MG removal using grape
stalk was favorable, occurs spontaneously, was exothermic,
and was associated to physical interaction forces, which
implies an advantage because it does not require the addi-
tion of energy, which indicates greater profitability in a pos-
sible industrial application. The biosorbent was applied to
real samples, obtaining MG removal percentages higher
than 58.0% for natural waters and higher than 82.0% for
textile effluents. Therefore, grape stalk is an alternative
and environmentally friendly material for the treatment of
wastewater.
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