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Abstract— Chromium (VI), is a very toxic and
dangerous metal for human health, because at the
industrial level, it is used in the tanning of skins,
the production of pigments, preservatives of the
textile and wood industry, alloys, antifouling
paints, catalysts, anticorrosive agents, drilling
muds, high temperature batteries, fungicides,
metallic and electrogalvanized coatings, which are
an important source of contamination by this
metal, so currently, alternatives have been sought
to try to eliminate it from the environment, and the
objective of this work was analyze the Chromium
(VI) removal capacity in aqueous solution by the
Hibiscus sabdariffa flower biomass, using the
colorimetric method of Diphenylcarbazide to
evaluate the metal concentration. Biosorption at
different pH was evaluated for 5 h. We too studied
the effect of temperature in the range of 28 to
60oC,
the
removal
at
different
initial
concentrations of Cr (VI) and of biomass, and in
contaminated niches. Therefore, the highest
biosorption of the metal (100 mg/L) occurs within
5 h, at pH of 1.0, 1,0 g of natural biomass, and
28°C. According to temperature, the highest
removal was observed at 50oC 60°C, in 40
minutes, when the metal is completely adsorbed.
It was observed that the higher the concentration
of the metal, the removal is less, and that, as the
biomass concentration increases, the removal of
the metal in solution is increased. Besides it

removes efficiently the metal in situ (100%
removal in soil and water contaminated, after 4
and 3 days of incubation, 5 g of biomass and
28oC; so, it can be used to eliminate it from
industrial wastewater.
Keywords— Chromium (VI), Removal, Shell Biomass,
Detoxification

I.

INTRODUCTION

Currently, one of the main environmental problems
is heavy metal pollution. These elements alter the
equilibrium of ecosystems by persisting indefinitely in
the environment, because they are not degrading by
biological or chemical means [1]. Its accumulation in
the organisms of the different links of the trophic
chain, its mobility in natural aquatic ecosystems and
its toxicity, make its elimination a global concern [2].
The introduction and redistribution of metal ions in the
biosphere have their origin from natural and
anthropogenic sources [3]. However, the main direct
as well as indirect cause of the metal contamination
are the urban sources, being the industrial operations
with a deficient or absent treatment of its residual
waters and solid waste, its main emitter. Some of the
industries that generate waste contaminated with
these elements are sugar, oil, brewing, textiles,
cellulose and paper, metal finishing, copper and its
alloys, tannery, food and of iron and steel, legally
classified as point sources of pollution [1].
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Hexavalent chromium is an important water
pollutant. Even at Cr (VI) levels measuring in the parts
per billion (ppb), research has shown it to be toxic [4].
Cr (VI) can originate from different anthropogenic
activities such as chromite mining, leather tanning,
pigment synthesis, electroplating and metal finishing
[4]. The primary forms of chromium found in nature
are chromium (III) and chromium (VI) and these forms
are convert to each other depending on environmental
conditions [5]. Cr (VI) is consider the most toxic form
of chromium, and is usually associated with oxygen as
chromates (CrO4-2) and dichromate (Cr2O7-2) [4]. It has
been established now that various chromium
compounds as oxides, chromates and dichromate, are
environmental contaminants in water, soil, and
industrial effluents, because this metal is widely used
in various manufacturing, such as electrolytic plating,
explosives manufacturing, leather tanning, metal alloy,
dyes and pigments manufacturing, etc., [1, 4]. There
are studies of the current technologies that are being
used to effectively reduce Cr (VI) present in aqueous
solutions by means of chemical, electrochemical and
biological methods, for example: ion exchange on
resins,
coagulation-flocculation,
adsorption
on
activated carbon, reduction, chemical precipitation,
sedimentation, etc., [6], which in most cases are
expensive or inefficient, especially when the
concentration of these ions is very low [7].
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 [8].
Recently, varieties of low cost materials have been
study for their ability to remove Cr (VI) 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 [8, 9, and 10].
Thus, there is a need to develop or find innovative low
cost adsorbents with an affinity towards metal ions for
the removal of Cr (VI) from aqueous solution, which
leads to high adsorption capacity [8]. The objective of
this study was to analyze in vitro biosorption of Cr (VI)
by Hibiscus sabdariffa flower biomass.
II.
A.

EXPERIMENTAL

B. Biosorption studies and determination of Cromium
(VI)
For these studies, was used 1 g of dried biomass
mixed with 100 mL of trideionized water containing 100
mg/L of the metal, in an Erlenmeyer flask at the
desired temperature and pH. The flasks were agitated
on a shaking bath Yamato BT-25 model. Samples of 5
mL were taken at different times, and centrifuged at
3000 rpm for 5 min. The supernatant liquid was
separated and analyzed for Cr (VI) ions, which were
quantifying by a Spectrophotometric method
employing Diphenylcarbazide [11]. The information
shown in the results section are the mean from three
experiments carried out by triplicate.
III. RESULTS AND DISCUSSION
A. Effect of incubation time and pH
The optimum time and pH for Cr (VI) removal for H.
sabdariffa flower biomass was 300 minutes and pH
1.0, at constant values of biosorbent dosage (1 g/100
mL), with an initial metal concentration of 100 mg/L,
and a temperature of 28°C (Figure 1). It was used a
pH meter Corning Pinnacle 530 model and we use
nitric acid 1M to maintain the pH. The literature [12],
report an optimum time of 8 h and pH of 1-3, for the
removal of Cr(VI) by porous carbon derived from corn
straw, 150 and 180 minutes to pH 1.5, for the Cr (VI)
removal using oleaster (Elaeagnus) seed and cherry
(Prunus avium) stone biochar [13], 10 hours by
Ananas comosus biomass shell [9]. Changes in the
cell permeability of unknown origin, could partly
explain the differences founded in the incubation time,
providing greater or lesser exposure of the functional
groups of the cell wall of the biomass analyzed [ 6, 7,
and 8].
Adsorption efficiency of Cr (VI) was observe a
maximum at pH 1.0 and 300 minutes with the biomass
analyzed. It was reported a pH optimum of 1.0 by A.
comosus biomass shell [9], and residue of the Persea
Americana Shell [14], although other authors report an
optimal pH of 2.0 for coffee pulp [15], for coffee ground
and mixed waste tea [16]. This was due to the
dominant species (CrO42- and Cr2O72-) of Cr ions in
solution, which were expect to interact more strongly
with the ligands carrying positive charges [7 and 8].

Biosorbent used

The H. sabdariffa flower biomass, was obtained
from the fruits harvested and offered in the market
place Republic, between the months of August to
September in 2018, of the capital city of San Luis
Potosí, S.L.P. México. To obtain the biomass, the
shells was washed with trideionized water during 7
days at constant stirring, with water changes every 12
hours.
Subsequently, it was boil 1 hour to removal traces
of the color and dust, and were dry at 80°C for 12
hours in an oven, ground in blender and stored in
amber vials until use.

Figure 1. Effect of incubation time and pH on Chromium (VI) removal
by the biomass of H. sabdariffa flower. 100 mg/L Cr (VI), 100 rpm, 28°C.
1.0 g of biomass.
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B. Effect of the temperature
On the other hand, temperature was found to be a
critical parameter in the bioadsorption of Cr (VI)
(Figure 2). To maintain constant the temperature in all
experiments, we use a shaking bath Yamato BT-25
model. The total removal was observed at 50oC and
60°C with 40 minutes, and 28oC with 300 minutes of
incubation. This results are coincident for A. comosus
biomass shell [9], and residue of the P. Americana
Shell [14], for spent coffee grounds [17], though for
coffee ground and mixed waste tea, as well as
newspaper, the temperature does not influence in the
removal of the same metal [16, 18]. The increase in
temperature increases the rate of removal of
Chromium (VI) and decrease the contact time required
for complete removal of the metal, to increase the
redox reaction rate [19].

Figure 2. Effect of the temperature on Chromium (VI) removal by the
biomass of H. sabdariffa flower, 100 mg/L Cr (VI), pH 1.0, 100 rpm.
1.0 g of biomass.

C. Effect of initial metal concentration
At low metal concentrations (200 mg/L), we
observe the best results for removal, with the biomass
analyzed, at 28°C, because the removal of the metal
was 100% at 7 and 28 hours for 200 and 1000 mg/L,
respectively (Figure 3). The results are coincident for
Tamarindus indica shell [19] Amarantus caudatus [20],
coffee ground and mixed waste tea [16], spent coffee
grounds [17], A. comosus biomass shell [9], residue of
the P. Americana Shell [14, and almond green hull
[21]. The increase in initial concentration of Cr (VI),
results in the increased uptake capacity and
decreased in the percentage of removal of the metal.
This was due to the increase in the number of ions
competing for the available functional groups on the
surface of biomass [8, 19]. On the other hand, at 60oC,
200 and 1000 mg/L, they are eliminated at 20 and 80
minutes, respectively (Figure 4), which is similar to
other reports in the literature, for the removal of the
same metal concentration by different natural
biomasses [6,7,8,9, 14, and 20].

Figure 3. Effect of initial metal concentration on Cr (VI) removal by
the biomass of H. sabdariffa flower. pH 1.0, 100 rpm, 28°C.

Figure 4. Effect of initial metal concentration on Cr (VI) removal by
the biomass of H. sabdariffa flower. pH 1.0, 100 rpm, 60°C.

D. Effect of biosorbent dose
The influence of biomass concentration on the
removal capacity of Cr (VI) is depict in Figure 5. If we
increase, the amount of biomass also increases the
removal of the metal in solution, well with 5 g of
biomass the 100% of removal is to 40 minutes, with
more biosorption sites of the same, because the
amount of added biosorbent determines the number of
binding sites available for metal biosorption [22].
Similar results have been reported for almond green
hull [21], with a metal concentration of 10 mg/L, with
0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, y 5 g de biomass. Too
was reported a efficient removal of the metal if the
biomass concentration was increased for oleaster
(Elaeagnus) seed and cherry (P. avium) stone biochar
[13], using modified Russian knapweed flower poder to
initial concentrations of chromium (VI) of 2, 10 and 15
mg/L with pH 2.0 [23], with coffee grounds, where
there is an increase in the removal of 39% to 97%, if
the concentration of the bioadsorbent is increased of
0.05 to 0.3 g/100 mL [17], as well as for newspaper,
where by increasing the concentration of 2 to 6 g/L,
increase the removal efficiency of 43.4% to 98.3%
[18].
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Figure 6. Removal of Cr (VI) in industrial wastes incubated with 5 g
of H. sabdariffa flower. 28°C, 100 rpm, 10 g of contaminated earth with
100 mg/g and 100 mL of contaminated water with 100 mg/L.
contaminated water, (100 mg Cr (VI)/L (adjusted).

IV. CONCLUSIONS

Figure 5. Effect of biomass concentration of H. sabdariffa flower, on
the removal of 100 mg/L Cr (VI), 28°C, pH 1.0, 100 rpm.

The biomass analyzed, showed complete capacity of
biosorption of 100 mg/L Cr (VI) in solution at different
time of incubation, at 28°C, 100 rpm with 1 g of
biomass, besides this removal the metal in situ (4 and
3 days of incubation, with 5 g of biomass), in earth
and water contaminated. These results suggest their
potential applicability for the remediation of Cr (VI)
from polluted soils in the fields.
V. REFERENCES

E. Removal of Cr (VI) in industrial wastes with
biomass of H. sabdariffa flower.
We adapted a water-phase bioremediation assay
to explore possible usefulness of this biomass for
eliminating Cr (VI) from industrial wastes, the biomass
(5 g), was incubate with 10 g of non-sterilized
contaminated earth with 100 mg/g, and water
containing 100 mg/L of Cr (VI) (adjusted), suspended
in trideionized water to a final volume of 100 mL. It
was observing that in 4 and 3 days of incubation with
the biomass, the Cr (VI) concentration of earth and
water samples decrease fully in both (Figure 6), and
the decrease level occurred without change significant
in total Chromium content during the experiments. In
the experiment carried out in the absence of the
biomass, the Cr (VI) concentration of the earth
samples decreased by about of 18% (date not
shown); this might be caused by indigenous microflora
and (or) reducing components present in the soil [3, 6,
8, and 9]. Which coincides with the literature reports
for other natural biomass, such as seeds of Moringa
oleifera with 1 g of biomass and concentrations of 10
to 150 ppm of copper, nickel, and chromium (VI), with
percentages of removal between 37-53%, 39-76%,
and 11-33%, respectively [24], for coffee pulp
residues with a removal pf 59% [15], the removal of
97.9% of chromium (VI) from electroplating
wastewater by porous carbon derived from corn straw
[12], a removal of chromium (VI) between 82.6% and
90.2% of contaminated water from different sources
by spent coffee grounds [17], and a removal of 90%
of wastewater using materials derived from harmful
algal bloom biomass [25].

[1] P. Romo-Rodríguez and J.F. Gutiérrez-Corona,
“Fungal processes of interaction with chromium”, In:
Fungal
bioremediation:
Fundamentals
and
applications. Boca Ratón: CRC Press, pp. 173-185.
2019.
[2] I. Castro-González, I. Quintero-Zapata, and V.
Almaguer-Cantú, “Kinetic modeling biosorption of
Cr(VI) using Mucor sp. and Aspergillus sp. inactive
biomass”, JMEST. Vol. 5, No. 11. pp. 9086-9090. 2018
[3] L. Pérez Bou, I. Salgado Bernal, C. Larrea
Duarte, A. Martínez Sardiñas, M.E., Cruz Arias, y M.E.
Carballo Valdés, “Biosorción microbiana de metales
pesados: características del proceso”. Rev. Cubana de
Ciencias Biologicas. Vol. 6, No. 1. pp. 1-12. 2018.
[4] D. Pradhan, L.B. Sukla, M. Sawyer, P.K.S.M.
Rahman, “Recent bioreduction of hexavalent
chromium in wastewater treatment: A review”, J. Ind.
Eng. Chem. Vol. 55, pp. 1–20, 2017.
[5] United States Environment Protection Agency.
[6] C.E. Barrera-Díaz, V. Lugo-Lugo y B. Bilyeu, “A
review of chemical, electrochemical and biological
methods for aqueous Cr (VI) reduction”, J. Hazard.
Mat. Vol. 223– 224, pp. 1– 12, 2012.
[7] C. Tejada-Tovar, Á. Villabona-Ortiz y L. GarcésJaraba, “Adsorción de metales pesados en aguas
residuales usando materiales de origen biológico”,
Tecno Lógicas. vol. 18, (34), pp. 109-123. 2015.
[8] I.F. Sarabia-Meléndez, M.S. Berber-Mendoza,
O. Reyes-Cárdenas, M. Sarabia-Meléndez, and A.
Acosta-Rangel, “Low cost biosorbents: An alternative
treatment for contaminated water”, Rev. Bio Ciencias
Vol. 5, No. 1, pp. 1-15. 2018.
[9] I. Acosta-Rodríguez, J.F. Cárdenas-González,
K. Galaviz-Orocio, A. Rodríguez-Pérez, C. MichelCuello, and A. Muñoz-Morales, “Biosorption of
Chromium (VI) in aqueous Solution by Ananas
comosus biomass shell”. Modern Concepts &
Developments in Agronomy, Vol. 4, No. 1 pp. 1-6.
2019.
[10] W. Cherdchoo, S. Nithettham, and J.
Charoenpanich, “Removal of Cr(VI) from synthetic
wastewater by adsorption onto coffee ground and

www.jmest.org
JMESTN42353290

11570

Journal of Multidisciplinary Engineering Science and Technology (JMEST)
ISSN: 2458-9403
Vol. 7 Issue 3, March - 2020

mixed waste tea. Chemosphere, Vol. 221, pp. 758767. 2019.
[11] A.E. Greenberg, L.S. Clesceri, and A.D.
Eaton, “Standard Methods for the Examination of
Water and Wastewater”, American Public Health
Association, Washington, DC, USA, 18th edition, 1992.
[12] H. Ma, J. Yang, X. Gao, Z. Liu, X. Liu, and Z.
Xu, “Removal of chromium (VI) from water by porous
carbon derived from corn straw: Influencing factors,
regeneration and mechanism”. J. of Hazard. Mater.
Vol. 369. pp. 550-560. 2019.
[13]
removal
(Prunus
306. pp.

H.T. Kahraman, and E. Pehlivan, “Cr6+
using oleaster (Elaeagnus) seed and cherry
avium) stone biochar”, Powder Technol. Vol.
61–67. 2017.

[14] I. Acosta-Rodríguez, V. Hernández-López,
M.M. Nájera-Pérez, V.M. Martínez-Juárez, M.F.
Avalos- Sekeres, C. Michel-Cuello, A. Muñoz-Morales,
A. Rodríguez-Pérez, and J.F. Cárdenas-González,
“Removal of Cr (VI) Through the Use of the
Agroindustrial Residue of the Persea Americana Shell”
Modern Concepts & Developments in Agronomy. Vol.
3, No. 4. pp. 1-6. 2019.
[15] D.L. Gómez Aguilar, J.P. Rodríguez Miranda,
J.A. Esteban Muñoz, and J.F. Betancur, “Coffee pulp:
A sustainable alternative removal of Cr (VI) in
wastewaters”. Processes. Vol. 7, No. 403. pp. 1-12.
2019.
[16] W. Cherdchoo, S. Nithettham, and J.
Charoenpanich, “Removal of Cr(VI) from synthetic
wastewater by adsorption onto coffee ground and
mixed waste tea”. Chemosphere. Vol. 221. pp. 758767. 2019.
[17] G.V. Krishna Mohjan, A. Naga Babu, K.
Kalpana, and K. Ravindhranath, “Removal of
chromium (VI) from wáter using adosrbent derived
from spent coffee grounds”. J. Environ. Science and
Technol. Vol. 16. pp. 101-112. 2019.

[19] G.S. Agarwal, H. Kumar, and S. Chaudari.
“Biosorption of aqueous chromium (VI) by Tamarindus
indica seeds”, Bioresour. Technol., Vol. 97, pp. 949956, 2006.
[20] A. Rodríguez, N.C. Pacheco, J.F. Cárdenas,
J. Tovar, V.M. Martínez e Ismael Acosta,
“Bioadsorción de Cromo (VI) en solución acuosa por la
biomasa de Amaranto (Amaranthus caudatus)”, Av.
Cien. Ing. Vol. 8, No. 2, pp. 11-20, 2017.
[21] M. Sahranavard, A. Ahmadpour, and M. Reza
Doostiet, “Biosorption of hexavalent chromium ions
from aqueous solutions using almond green hull as a
low-cost boosorbent”. European J. of Scient. Res. Vol.
58, No. 3.pp. 392-400. 2011.
[22] C. Cervantes, J. Campos, S. Devars, F.
Gutiérrez, H. Loza, J.C. Torres, and R. Moreno,
“Interactions of chromium with microorganisms and
plants”, FEMS Microbiol. Rev., Vol. 25, pp. 335-347,
2001.
[23] M.T. Ghaneian, M. Dehvari, and B. Jamshidi.
“A batch study of hexavalent chromium removal from
synthetic wastewater using modified Russian
knapweed flower powder”. Int. J. Environ. Engineer.
Vol. 2, No. 5. pp. 38-46. 2013.
[24] A.C. Landázuri, J.D. Cahuasquí, and A.S.
Lagos. “Metal adsorption in aqueous media using
Moringa oleifera Lam. seeds produced in Ecuador as
an alternative method for water treatment”. 2019. Vol.
11, No. 17. pp. 190–205. 2019.
[25] Y. Cui, A. Masud, N. Aich, and J.D. Atkinson.
“Phenol and Cr(VI) removal using materials derived
from harmful algal bloom biomass: Characterization
and performance assessment for a biosorbent, a
porous carbon, and Fe/C composites”. J. Hazard.
Mater. Vol. 368. pp. 477–486. 2019.

[18] X. Song Wang, and Z. Zhong, “Removal of Cr
(VI) from aqueous solution by newspapers.
Desalination. Vol. 249. pp. 175–181. 2009.

www.jmest.org
JMESTN42353290

11571

