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Abstract

Introduction: Heavy metals in water resource are one of the most
important environmental problems of countries. Chromium is
considered as one of the important environmental pollutants due to
its toxicity considered as water contaminant that may disturb
metabolic activity. This research aims to study the potential of
Jujube fruit powder for low cost adsorption of Cr (VI) in
compression with Granular Activated Carbon (GAC).

Methods and Materials: In the present study, adsorption of
dissolved Chromium (VI) onto Jujube fruit powder Jujube fruit
charcoal and standard granular activated carbon (GAC) has been
investigated and compared. The effect of contact time, pH value,
initial concentration of dissolved Chromium and amount of
adsorbent on the adsorption of Cr by the mentioned adsorbents was
investigated.

Results: Results showed that the adsorption process was highly
dependent on pH. Maximum Cr removal was achieved when the
pH of the mixture fell within 2. The amounts of Cr (VI) adsorbed
increased with the increase in dose of three adsorbents. Adsorption
test results revealed that Cr adsorption on the studied adsorbents
could be better described by Longmuir isotherm.

Conclusions: Maximum Cr removal efficiencies were obtained by
Jujube fruit powder, Jujube fruit charcoal and GAC 66, 35 and 62
mg/g. Experimental results show low cost biosorbent was effective
for the removal of hexavalent Chromium from aqueous solution.

Keywords: Adsorption, Chromium Removal (VI), Jujube fruit
powder, Jujube fruit charcoal, Granular Activated Carbon.
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Introduction

Heavy metals are major pollutants of
environment in most parts of the world that
may be generated during industrialization
processes. The use of metals and chemicals
in process industries has resulted in the
generation of large quantities of effluent that
contain high levels of toxic heavy metals. It
is well known that the presence of heavy
metals such as cadmium, chromium, copper,
nickel and manganese have harmful effects
on human physiology and other biological
systems because of their bioaccumulation,
non-biodegradable properties and toxicities,
even at low concentrations. Among the
different heavy metals, chromium is a
common and very toxic pollutant introduced
into natural waters from a variety of
industrial wastewaters [1]. Thus, the
removal of heavy metals, such as hexavalent
chromium from water has attracted
considerable attention. Chromium exists in
either +3 or +6 oxidation states, as all other
oxidation states are not stable in aqueous
systems. Chromium (V1) is 100-1000 times
more toxic to organisms than Cr (Ill) and
more readily transported in soils [2].
Chromium (VI) is carcinogenic to both
humans and animals [3]. Strong exposure of
chromium (V1) causes cancer in the
digestive tract and lungs and may cause
gastric pain, nausea, vomiting, severe
diarrhea, and hemorrhage [4, 5, 6].Cr (I1I) is
essential for human nutrition (especially in
glucose metabolism) and it is relatively
innocuous and immobile. Cr (V1) is widely
used in manufacturing and processing
plants, the main industrial sources of
Chromium pollution is  tanneries,
electroplating, metal processing, wood
preservatives, paint and pigments, textile,
dyeing, steel fabrication, canning industry
and so on [7, 8].According to the United
States Environmental Protection Agency
(USEPA) the maximum permissible limits
in wastewater and potable water is 1 mg/l

and 0.05 mg/l for chromium (VI) [9].
Several methods utilized to remove Cr(VI)
from aqueous solutions/wastewater include:
reduction followed by electrochemical
precipitation, chemical precipitation,
chemical oxidation— eduction, ultrafiltration,
ion exchange, reverse 0smosis, solvent
extraction, electrodialysis, electrochemical,
coagulation, evaporation and
adsorption[7,10,11,12]. Most of these
methods suffer from drawbacks such as high
capital and operational costs and problems
in the disposal of the residual metal sludges
[7, 13]. Therefore, there is a need to search
an effective low cost adsorbent for
economical wastewater treatment. Among
these methods adsorption is one of the most
economically favorable, as well as being a
technically easy method [14]. The high cost
of activated carbon sometimes limits its
applicability for heavy metal removal [15-
17]. Therefore, the interest of researchers is
increasing using alternative materials, which
are quite low cost, easily available and
extremely effective adsorbents. Many
studies have been conducted on the
agricultural ~ wastes as cheap and
environmentally friendly natural materials,
as well as certain waste from agricultural
operations that are available in large
quantities [18- 23]. Considerable attention
has been devoted to the study of removal of
heavy metal ions from solution by
adsorption using agricultural materials such
as waste wool, nut wastes, tree bark,
modified cotton, sawdust, sunflower,
Almond and apricot shells, groundnut shell,
corn cob powder, almond green hull, coir
pith and peanut husks carbon [24-35]. In the
present work, we describe the use of Jujube
fruit powder, and Jujube fruit charcoal and
compression with granular activated carbon
(GAC). Bio absorbent without activation has
been used to remove hexavalent chromium
from aqueous solution. The effects of
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adsorbent dose, pH, contact time and initial
metal ion concentration on the adsorption
capacity were investigated. The equilibrium
of adsorption was modeled by using the
Langmuir and Freundlich isotherms.

Methods and Materials

This study is an experimental study that is
performed in a batch system. Jujube fruits
were collected from agricultural wastes as
adsorbents (agricultural wastes of Birjand)
and rinsed by distilled water to eliminate
possible contamination of meat remaining
on it. The fruits were oven dried at a
temperature of 700 © and burned for 1 hour
and then was powdered porcelain mortar
[36]. Powder particle size of 50 mesh sieve
was used in all experimental procedures.
Some of the drying oven and milled
powders were used as the absorbent. A
granular activated carbon with quality
laboratory (GAC) was purchased from
Merck Germany Company.The stock
solution was prepared by dissolving a
known quantity of potassium dichromate
(K2Cr207) in de-ionized water. One mill
molar of Cr (VI) stock solution was
prepared by dissolving 0.1471 g of K,Cr,07
(from  Merck) with 99% purity, by
dissolving in distilled water was used. The
pH of the solution was adjusted by using
either 0.IN NaOH or 0.IN HNOs; The
samples were agitated in a reciprocating
shaker to reach equilibrium. Batch
adsorption studies performed the effect of
pH on adsorption of Cr (VI) onto the
biosorbent and was investigated by varying
the solution pH from 1.0 to 10.0, and
adsorbent amount (0.3,0.5,1, 1.5, 2, 2.5 and
3 g/L), initial metal-ion concentration
(0.1,05,1,1.5,2,4 and 6 mg/L) and contact
time (10, 30, 60, 90, 120,150,180,210 and
240 min) to obtain the equilibrium data. All
experiments were conducted with three

replications and the results average was
reported. Cr (VI) concentrations in the
solutions were determined by the standard
colorimetric method  with 1, 5-
diphenylcarbazide in an acid medium [37].
Metal concentration in the solution was
analyzed with 6405 UV-vis
spectrophotometer in A=540 nm and also the
concentration of Cr (VI) ions were
calculated from the change in metal
concentration in the aqueous solution before
and after equilibrium sorption by using the
following equation:

q e = [VIC  oC)] W
(1)

Where qe is adsorbed metal (mmol/g
adsorbent) on the almond green hull, V is
the solution

e volume (L), W is the amount of sorbent
(9), and C oand C (mg/L) are the initial and
equilibrium Cr (VI) concentrations of the
solution, respectively. The Cr (VI) percent
removal (%) was calculated using the
following equation:

Cr (VI) Removal (%) = [(C 0 —C ¢) C 0 ¢]
/100
2)

Adsorption Isotherms

Equilibrium data are usually described by
various adsorption isotherms. Two isotherm
equations were used in the present study,
Langmuir and Freundlich.

The Langmuir equation is:

— (gmKkl.c)
Q= ke
3
C/Q = 1/(K1.Qm) + (Qim)
4
gl'r?e Freundlich equation is:
Q — Kf Cl/n
®)

Jundishapur Journal of Health Sciences, Vol.5, Serial No.2, Summer 2013



Optimization of operating parameters affecting ....

92

logq.logKf + (%).logC

(6)

Where gm is the amount of adsorbed
material at equilibrium (mg/g), C is the
equilibrium metal

Concentration of the adsorbate (mg/L), gmaxe
(mg/g) and b (L/mg) are the Langmuir
constants, and K and n are Freundlich
constants [38, 39].

Results

Effect of contact timeFig. 1 shows the
adsorption of Cr (VI) by Jujube fruit
powder, Jujube fruit charcoal and activated
carbon as a function of time. Effect of
contact time on the removal efficiency in
systems studied by varying the exposure
time from 10 minutes to 240 minutes in pH
= 3,amount of adsorbent 1.5gr/l and the
initial ~ concentration ~ of  hexavalent
chromium 1.5 mg/l were evaluated. Contact
the optimum time to measure the Jujube
fruit powder, Jujube fruit charcoal, and
granular  activated carbon (GAQC),
respectively, 180, 210 and 150 minutes. Fig.
1 shows rapid adsorption in the initial min
for all absorbent [40].

Effect of PH

The pH of the aqueous solution is an
important controlling parameter in the
adsorption process and anion adsorption is
strongly pH-dependent .Different studies
have shown that pH of solution is an
important  parameter  influencing  the
biosorption of metal ions [16-20]. Fig. 2
shows the removal of Cr (VI) versus the pH
at a constant Cr (V1) concentration of 1/5
mg/L, adsorbent concentration of 1/5 g/L,
contact time of 210,180 and 150 min. It was
observed that the adsorption capacity of the

prepared adsorbent was highly dependent on
the pH of the solution. As results show, the
optimum initial pH was observed at pH 2.0.
The results indicate that the adsorption
capacity of the prepared adsorbent increases
with decreasing the pH of the solution.
Effect of absorbent dose

The effect of sorbent variation on the
removal of Cr (VI) ion by Jujube fruit
powder, Jujube fruit charcoal and granular
activated carbon (GAC) is shown in Fig.
3.The effect of adsorbent dose on Cr (VI)
uptake was investigated by varying the
adsorbent dose (0.3,0.5,1,1.5,2,25and 3
g/l) for an optimum time for any adsorbent.
Experimental results showed that the
percentage removal Cr (VI) rises with the
increasing amount of adsorbent up to 1.5 g/l
for granular activated carbon (GAC), Jujube
fruit powder, and 2.5 g/l for Jujube fruit
charcoal. After this dose of adsorbent no
significant change was observed but for
bioabsorbent percentage removal Cr (VI)
increases with the increasing amount of
adsorbent.

Effect of initial Cr (V1) concentration

The effect of Cr (VI) concentration on the
sorbent by varying the initial Cr (VI)
concentration (0.1, 0.5, 1, 1.5, 2, 4 and 6
mg/L) for optimum value of time for any
adsorbent interval is shown in Fig. 4.
Experimental results showed that the
percentage removal Cr (VI) decreases with
the increasing of initial Cr (V). In changing
the initial concentration from 0.1 to 6 mg/I,
the percentage removal decreased from 94 to
79 percentages for granular activated
carbon, 89 to 77 percentages for Jujube fruit
charcoal and 99 to 67 percentages for Jujube
fruit powder.
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=== Jujube fruit powder
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Figure 1: Effect of contact time on the removal of Cr (V1) (initial Cr (V1) concentration=1.5 mg/I,
adsorbent dose =1.5g/l, pH = 3)
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Figure 2: Effect of pH on the removal of Cr (V1) (initial Cr (V1) concentration=1.5 mg/l, adsorbent
dose=1.5 g/l contact time= optimum contact time for any adsorbent)
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Figure 3: Effect of amount of adsorbent on the removal of Cr (V1) (initial Cr (V1)
concentration=1.5 mg/l, contact time= optimum contact time for any adsorbent, pH = 2)
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Figure 4. Effect of initial Cr (V1) concentration on the removal of Cr (V1) (adsorbent dose=1.5 g/I,
pH =2, contact time= optimum contact time for any adsorbent)

Discution

Effect of contact timeContact the optimum
time to measure the Jujube fruit powder,
Jujube fruit charcoal, and granular activated
carbon (GAC), respectively, 180, 210 and
150 minutes. Fig. 1 shows rapid adsorption
in the initial min for all absorbent. The
removal of Cr (V1) is rapid, but it gradually
decreases with time until it reaches
equilibrium. Further increase in contact time
did not show an increase in biosorption. The
fast adsorption at the initial stage was
probably due to the initial concentration
gradient between the adsorbate in solution
and the number of vacant sites available on
the adsorbent surface at the
beginning[30,41].

Effect of pH

Chromium (V1) removal was investigated as
a function of solution pH and the result is
indicated in Fig. 2. It was observed that the
adsorption capacity of the prepared
adsorbent was highly dependent on the pH
of the solution. As results show, the
optimum initial pH was observed at pH 2.0.
The results indicate that the adsorption
capacity of the prepared adsorbent increases
with decreasing the pH of the solution. The
reduction of adsorption with the increase of
pH may be ascribed to the decrease in
electrostatic force of attraction between the

sorbent and the sorbate ions. Cr (VI) ions
mostly exist as H,Cr,0,4 form at high acidic
medium (pH =1). At pH 2-6 there is
equilibrium between Cr,O; 2 and HCrO4
species, if the Cr (VI) concentration is less
than 0.02 M, HCrOy is predominant form,
when Cr (VI) concentration is greater than
0.02 M the dichromate ion (Cr,0;) is the
predominant species and under alkaline
condition (pH>8) it exists as chromate CrO4
2 anion [42].The improved removal of Cr at
low pH is probably due to reduction of
hexavalent Cr to trivalent Cr.

At low pH:

Cr,0;%+ 14 H* + 6 —»2Cr**+ 7H,0
At moderate pH:

HCrO; + 7H* + 3" —» Cr*®+ 4H,0

At low pH, there is presence of a large
number of H* ions, which in turn neutralizes
the negatively charged adsorbent surface
thereby reducing hindrance to diffusion of
dichromate ion. It is anticipated that the
effect of pH on adsorption is also governed
by the development of an electrical double
layer on the adsorbent. The polarity of the
double layer at the adsorbent surface may be
changed from positive to negative as the H
+-ion concentration changes from acidic to
basic with the increase of pH . It was found
that at lower pH the system attained
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equilibrium faster and the percentage of
chromium  adsorbed increased [8,12].
Similar results are also reported by other
researchers for a variety of pH systems [30-
33, 35].

Effect of absorbent dose

Experimental results showed that the
percentage removal Cr (VI) rises with the
increasing amount of adsorbent up to 1.5 g/l
for granular activated carbon (GAC), Jujube
fruit powder, and 2.5 g/l for Jujube fruit
charcoal. After this dose of adsorbent no
significant change was observed but for
bioabsorbent percentage removal Cr (VI)
increases with the increasing amount of
adsorbent. The phenomenon of an increase
in percent chromium removal with increase
in adsorbent dose is due to the availability of
more and more adsorbent surfaces for the
solutes to adsorb. Never the less, very slow
increase in removal beyond an optimum
dose may be attributed to the attainment of
equilibrium  between  adsorbate  and
adsorbent at the operating conditions [33].
The results showed that the removal will be
effective until the following optimum
increases and the effective absorption are
minimal.Similar results are also reported by
some researchers for a variety of adsorbate—
adsorbent systems [18, 30, 32, 35].

Effect of initial Cr (V1) concentration

The percentage removal was decreased with
the increase in Cr (V1) concentration. At low
concentrations the ratio of available surface
to the initial Cr (V1) concentration is larger,
so the removal becomes independent of

initial concentrations. However, in the case
of higher concentrations this ratio is low; the
percentage removal then depends on the
initial concentration. The results indicate
that within a certain range of initial metal
concentration, the percentage of metal
adsorption on absorbent is determined by the
sorption capacity of the absorbent [35].
Similar results are also reported by
researchers for a variety of adsorbate—
adsorbent systems [10,16,43].

Equilibrium adsorption isotherms

Several models had been used in literatures
to describe the experimental data of
adsorption isotherms. The Langmuir [38]
and Freundlich [39] models are the most
frequently employed models that also were
used in this study. Langmuir isotherm is
based on the monolayer adsorption of
chromium ions on the surface of absorbent
sites [10]. Freundlich isotherm describes the
heterogeneous  surface  energies by
multilayer adsorption sites. Equilibrium data
obtained were fitted to the Langmuir and
Freundlich  isotherms. The following
expressions of straight line were found by
means of mathematical transformation of
isotherms equation. The estimated model
parameters with correlation coefficient (R?)
for the two models are shown in fig 5 to fig
10. It was observed that results fitted better
in the Langmuir model in terms of R? value,
recording 0.9984 for granular activated
carbon, 0.9949 for Jujube fruit charcoal and
0.9988 for Jujube fruit powder.
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Conclusions

The biosorbent evaluated can remove
hexavalent chromium from  aqueous
solution. The adsorption process is a
function of the contact time, initial
concentration, pH and absorbent dose. The
amounts of Cr (V1) adsorbed increased with
increase in dose of three adsorbents and
their contact time. The contact time of 150

Figurel0: Freundlich isotherm for Adsorption Cr by
Jujube fruit charcoal

min for GAC, 180 min for Jujube fruit
powder and 210 min for Jujube fruit
charcoal was found to be optimum.
Adsorption of Cr (VI) is found to be
effective in the lower pH and found to be
maximum at pH 2.0. Removal of Cr (VI)
rised as adsorbent dose increased. The
Langmuir isotherm was fitted better than the
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Freundlich isotherms. Maximum Cr removal
efficiencies were obtained by Jujube fruit
powder, Jujube fruit charcoal and GAC 66,
35 and 62 mg/g. Jujube fruit powder and
Jujube fruit charcoal is a low-cost and
efficient biosorbent for the removal of Cr
(V1) from aqueous solution and it will be an
alternative to more costly adsorbents such as
granular activated carbon.
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