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ABSTRACT

Adsorption and preconcentration of chromate species from water and wastewater were
investigated using carminic acid modified anion exchanger (IRA 900). The existence of some
oxyanions which might have a competing effect on chromate removal such as MoO2�

4 ,
SO2�

4 , SeO2�
4 , and AsO2�

4 was investigated beside the influence of pH. Adsorption reached
equilibrium within 30 min and was independent of initial concentration of chromate oxya-
nions. Studies were performed at different pH values to find the pH at which maximum
adsorption occurred and was determined to be at a pH between 4.0 and 4.5. The Langmuir
adsorption capacity (qmax) was found to be 19.27 mg Cr(VI)/g of the adsorbent. The results
showed that modification of IRA 900 with carminic acid is suitable for the removal of Cr
(VI), as chromate, from water and wastewater samples. The obtained material was subjected
to efficient regeneration.
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1. Introduction

Chromate (CrO2�
4 ) is an anionic contaminant often

associated with industrial and power generation
wastes that are disposed to the land surface. In
domestic waters, chromate is a regulated constituent
(US Environmental Protection Agency, 1986) because
it may be toxic to man and other organisms. Chro-
mium water pollution is of considerable concern, as
this metal has widespread use in electroplating,
leather tanning, metal finishing, nuclear power plants,
textile industries, and chromate preparation. Chro-
mium exists in two oxidation states as Cr(III) and Cr
(VI). The hexavalent form is 500 times more toxic than
the trivalent form [1–4] and is toxic to microorganism

plants, animals, and humans. Human toxicity includes
lung cancer, as well as kidney, liver, and gastric dam-
age (US Department of Health and Human Services,
1991) [5–8]. The tanning process is one of the largest
polluters of chromium throughout the world. Most of
the tanneries in India adopt the chromium tanning
process because of its processing speed, low costs,
light color of leather, and greater stability of the
resulting leather. In the chromium tanning process,
the leather takes up only 60–80% of the applied chro-
mium, and the rest is usually discharged into the sew-
age system, causing serious environmental impact.

Chromium ion in liquid tanning wastes occurs
mainly in the trivalent form, which is further oxidized
to the hexavalent Cr(VI) form, due to the presence of
organics. The maximum levels permitted in wastewater
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are 5 mg/L for Cr(III) and 0.05 mg/L for Cr(IV) [8–16].
With this limit, it is essential for industries to treat their
effluents to reduce the chromium to acceptable levels.
Due to more stringent environmental regulations nowa-
days, the mineral processing plants and metal-finishing
industries are facing the difficult problem of the dis-
posal of the chromium-laden wastewater that they pro-
duce in huge quantities.

Chromium metal ions are usually removed by pre-
cipitation, although ion exchange and adsorption [17–
24] are also used. The hydroxides of heavy metals are
usually insoluble, so lime is used commonly for pre-
cipitating them. The most important factor in the pre-
cipitation of heavy metal is the valence state of the
metal in water. Chromate CrO2�

4 , hexavalent form of
chromium, is considerably more soluble than its triva-
lent form, Cr(III). In this case, the chromate, in which
chromium is present as Cr(VI), must be reduced, usu-
ally with SO2 available from sodium metabisulfite at
low pH levels for the removal of chromium as Cr(III)
by the precipitation process. Another aspect of the pre-
cipitation process is the zeta potential of the initial
heavy metal colloidal precipitate. In many plants
where heavy metals are being removed, a principal
problem in reaching the desired effluent limits is the
colloidal state of precipitated materials—they have not
been neutralized, coagulated, and flocculated properly.
A final aspect of heavy metals is the possible formation
of complex ions, which is common when dealing with
wastewaters containing ammonia, fluoride, or cyanide
ions along with heavy metals. Because of these impor-
tant aspects in the precipitation of heavy metals, there
is no way to predict the best solution of a specific
problem without undergoing a series of bench tests to
evaluate the alternative available [25,26].

At lower concentration of chromate in wastewater,
the use of ion exchange process represents a good
way for the achievement of chromate removal [27–29].
Furthermore, the reductions of chromate using either
electrochemical techniques or biotechniques are also
used in the process of treatment [30–38].

Carminic acid represents an example for polyol
organic dyes, which have the ability to form surface
complexes with oxyanions in the lower pH range. This
is due to the large number of hydroxyl groups that
are positively charged at a low pH level and can
attract negatively charged oxyanions. When using
these hydroxylated compounds, there is no chance for
the competing effect of other competing oxyanions,
such as CrO2�

4 , MoO2�
4 , SO2�

4 , SeO2�
4 , and AsO2�

4 , to
occur.

In this work, carminic acid was loaded onto IRA
900 resin (strong base anion exchanger with the
quaternary ammonium functional group) and the

obtained material was dried at room temperature. The
prepared resin was used for the removal of chromate
oxyanions from synthetic and real wastewater sam-
ples. Removal occurs because carminic acid has
hydroxyl groups that are replaceable by metal and
oxygen atoms that can form stable complexes. The
aim of this work was to evaluate the potential applica-
bility of removing Cr(IV) in the form of chromate from
leachate wastewater samples.

2. Materials and methods

2.1. Instrumentation

2.1.1. Determination of oxyanions

Determination of the Cr and other competing oxya-
nions, such as As and Se, was carried out using a Per-
kin Elmer atomic absorption spectrophotometer (AAS)
with graphite furnace accessories (Model SIMAA
6000) and an electrodeless discharge lamp. Determina-
tion of Mo(VI) in wastewater samples: a mixture of
0.1 mL of 1 × 10−3 mol/L bromopyrogallol red and
1.5 mL of 1 × 10−3 mol/L cetyltrimethylammonium
bromide were added to 2.5 mL of wastewater samples.
Using HCl, the pH of the solution was adjusted to 1.0,
and the solution was diluted to 5 mL with deionized
water. The absorbance of the solution was measured
at λ = 635 nm using the AAS.

2.1.2. Column run

Fixed-bed column runs were carried out using a
glass column (11 mm in diameter), constant-flow,
stainless steel pump and an ISCO fraction collector.
An exhausted IRA 900 loaded with carminic acid was
regenerated using 2% NaOH + 3% NaCl.

2.2. Reagents and materials

Deionized water and analytical grade reagents were
used to prepare the feed solution. The anion exchanger
used was an Amberlite™ IRA 900 Industrial Grade
Chelating Resin. Table 1 depicts its characteristics.

Table 1
Physical and chemical characteristics of IRA 900 resin

Functional groups Quaternary ammonium

Moisture holding capacity 48–54%
Mean size 0.500–0.700 mm
Uniformity coefficient ≤1.6
Maximum operating temperature 75˚C (Cl form)
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2.3. Synthesis of adsorbent

Twenty grams of IRA 900 was treated with
0.5 mg/L carminic acid (Fischer Scientific, 90% C.I.
75470, Natural Red 4) at neutral pH and agitated for
1 h at room temperature using a handmade mechani-
cal shaker. The modified resin was washed with
deionized water and dried at room temperature. Fig. 1
represents a schematic representation for the modifica-
tion process.

2.4. Adsorption studies

Adsorption studies were carried out by mixing
0.1 g IRA 900 resin loaded with carminic acid with
100 mL of a 20 mg/L Cr(VI) solution. The mixture
was shaken for 3 h to reach equilibrium.

3. Results and discussion

3.1. Effect of pH

The adsorption of Cr(VI) oxyanions was investi-
gated under different experimental conditions. One
such condition was changing the pH level from 4 to 8.
One hundred milliliters of the solution with an initial
concentration of 20 mg/L was passed through a col-
umn of carminic acid modified beads at varying pH
levels, as depicted in Fig. 2. It should be noted that
the removal efficiency decreased with increasing pH
level and shows a maximum removal value at a pH
level of 4.3. This is because the hydrogen atoms in the
hydroxyl groups of carminic acid are replaceable by
metal or oxygen atoms and form stable complexes
with chromium. At higher pH values, the negatively
charged carminic acid surface sites did not favor the
adsorption of chromate oxyanion due to the electro-
static repulsion.

3.2. Effect of competitive oxyanions (sulfate, selenate,
arsenate, and molybdate)

Wastewater usually contains an obvious number of
oxyanions coexisting with chromate species that
invariably implies competition for available adsorption
sites. Therefore, it is important to investigate the com-
petitive influence of certain anions and oxyanions.

The interfering effects of MoO2�
4 , SeO2�

4 , and
AsO2�

4 on the adsorption of 5 ppm CrO2�
4 and Cr2O

2�
7

were studied using 0.1 g of resin. The presence of
such competing oxyanions showed significant adsorp-
tion at lower pH value (4.3), as depicted in Fig. 3, due
to the formation of hydrogenated oxyanions, which
could form complexes with carminic acid hydroxyl
groups [26]. Furthermore, when the pH value was
raised to 4.3, there was no competition observed
between CrO2�

4 , Cr2O
2�
7 , and the above-mentioned

oxyanions. For this reason, all column runs were car-
ried out at a pH value of 4.3.

Furthermore, the investigation of the effect of sul-
fate at higher concentrations range (120–10,000 mg/L)
indicates a strong influence on the removal of chro-
mate oxyanions. The data depicted in Fig. 4 show that
when the concentration of sulfate is 120 mg/L, the
removal efficiency reaches the maximum. However,
upon increasing the concentration of sulfate, the
removal efficiency decreases to 20% when the concen-
tration reaches 10,000 mg/L.

3.3. Adsorption mechanism

The IRA 900 surface modified with carminic acid
is generally covered with a large number of hydroxyl
groups that play an important role in the adsorption
process [25]. The proposed mechanism was based on
the fact that at lower pH values, the surface hydroxyl

IRA 900 Anion
exchanger

Carminic acid
Carminic acid

N CH3

CH3

CH3

+

Fig. 1. Sketch of carminic acid loading process.
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Fig. 2. pH effect on the removal of Cr(VI). Conditions:
0.1 g carminic resin, 200 mL of 10 mg/L Cr(VI).
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groups were found to be positively charged, the chro-
mate species found as 60% HCrO�

4 and 40% Cr2O
2�
7

(Fig. 5), and the only possible way is the electrostatic
interaction between positive and negative charges.
When the pH value is increased to 4.3, uptake of chro-
mate increases since there is no competition with the
other oxyanions at this pH level.

However, when the pH value is increased to 8, the
uptake of chromate ions decreases since at higher pH
values, the adsorption surface sites are negatively
charged, which increases the electrostatic repulsion
between the chromate and the adsorbent. The adsorp-
tion mechanism of chromate can be explained as
shown in Fig. 6.

3.4. Adsorption isotherm

Adsorption isotherms are basic requirements for
establishing the adsorption systems and providing
information on the capacity of the adsorbent or the
amount required to remove a unit mass of pollutants
under the system conditions. The Langmuir model
[28] is the most frequently used isotherm model in the
literature. This model describes the nonlinear equilib-
rium between an adsorbed pollutant and a pollutant
in the solution at a constant temperature. This model
is simple, gives a good description of experimental
behavior in a large range of operating conditions, and
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Fig. 3. Oxyanions effect on the removal of Cr(VI) at differ-
ent pH values. Conditions: 0.1 g carminic resin, 200 mL of
10 mg/L Cr(VI).
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Fig. 4. Effect of sulfate anions on the removal of Cr(VI) at
different pH values. Conditions: 0.1 g carminic resin,
200 mL of 10 mg/L Cr(VI).
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is characterized by a limited number of adjustable
parameters. The linearized form of the Langmuir
equation can be represented as:

Ce=qe ¼ ðCe=qmaxÞ þ ð1=bqmaxÞ

where qe is the amount of adsorbate adsorbed per unit
mass of adsorbent at equilibrium in mg/g; Ce is the
equilibrium concentration in mg/L; qmax is the maxi-
mum absorption at monolayer coverage in mg/g; and
b is the equilibrium constant related to the energy of
adsorption. The Langmuir model assumes uniformity
in the heat of adsorption [28–30]. The amount of
molybdate adsorbed at equilibrium per unit mass of
resin, qe, was calculated by: qe = V(Co − C)/m, where V
is the volume of molybdate solution in L; Co and Ce are
the initial and equilibrium concentrations in mg/L,
respectively; and m is the mass of adsorbent in g. The
plot of qe vs. Ce is shown in Fig. 7. The linear plot of
Ce/qe vs. Ce shows that the adsorption obeys the Lang-
muir isotherm model (Fig. 8). The Langmuir isotherm
shows that the amount of chromate adsorbed increases
as its concentration increases up to saturation point.

3.5. Fixed-bed column run

Fig. 9 shows the effluent history during a fixed-
bed column run using the IRA900 and a carminic-acid
loaded IRA900 strong base anion exchanger. The data

Fig. 6. Proposed mechanism for the chromate adsorption.
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reveal that chromates broke through almost immedi-
ately after the start of the column run with the IRA
900, while the carminic acid-loaded IRA 900 broke
through after about 9,000 bed volumes.

3.5.1. Effect of pH

On the other hand, the column run data for the
effect of pH indicate that chromates start to break-
through after 9,000 bed volumes at a pH level of 4.3
(Fig. 10). However, upon increasing the pH level, the
number of treated bed volumes decreases gradually to
reach early breakthrough at pH 8.5.

3.5.2. Effect of interfering ions

Column run data obtained for the competing effect
of oxyanions indicate that at pH 4.3, all contender
oxyanions, such as arsenate, selenate, and molybdate,
start breakthrough almost immediately after the begin-
ning of the column run, as illustrated in Fig. 11.

3.6. Fixed-bed column run for real leachate wastewater

The investigation of the removal efficiency of car-
minic modified anion exchanger using column run
with a real ash leachate wastewater with a composi-
tion depicted in Table 2 indicates the same behavior
as that obtained with the synthetic wastewater under
the same experimental conditions.

The results prove that the adsorption of chromate
leads to a change in the color of the carminic acid
modified anion exchanger from red to brown as a
result of the composition overlay of chromate with
carminic acid molecules. This color change can be

used as a visible sign for the complete exhaustion of
the bed as depicted in Fig. 12.

3.7. Regeneration, rinsing, and reuse

The exhausted bed of carminic acid-loaded IRA
900 was regenerated using 0.5% NaOH. Concentra-
tions profiles of molybdate during the process of
desorption are provided in Fig. 13. Note that in less
than 30 bed volumes, almost the entire amount of
chromate was desorbed completely from the bed. It is
important to mention that during the regeneration
process, some of the loaded carminic acid leached out
with NaOH. By increasing the pH to alkaline, carminic
acid becomes ionized, giving rise to leaching out from
the resin matrix.

Following regeneration, the bed was rinsed with
0.01 M HCl to bring down the pH level from alkaline
to a near-neutral condition. For resin reuse, the regen-
erated and rinsed material was subjected to four more
exhaustion/regeneration cycles to obtain a full idea
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Table 2
Leachate wastewater during the fixed bed column run

No. Parameter
Synthetic
sample

Real
sample

1 pH 9.90 9.90
2 SO2�

4 (mg/L) 10,000 12,000
3 AsO2�

4 (μg/L) 200 180
4 MoO2�

4 (mg/L) 4.43 4.0
5 Chromate (mg/L) 5.30 5.30
6 SeO2�

4 (mg/L) 1.60 1.50
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regarding the resin capacity after the process of regen-
eration; note that the chromate removal capacity
slightly decreased among the different cycles due to
the leaching of some loaded carminic acid.

4. Conclusions

The process of adsorption and preconcentration of
Cr(VI) was investigated to determine and quantify the
adsorption behavior and capacity of a carminic loaded
IRA 900. After loading the carminic acid, the IRA 900
resin possessed a large number of hydroxyl groups
that were dispersed in the gel phase of the beads. This
gave rise to the selective removal of Cr(VI) species
even in the presence of higher concentrations of other
competitive anionic species. Following adsorption, car-
minic acid-loaded IRA 900 can be efficiently regener-
ated with 0.5% NaOH in less than 30 bed volumes.
Subsequent rinsing with a 0.01 M HCl solution for less

than 15 bed volumes ensured that the column was
ready for another adsorption cycle. After regeneration,
the removal efficiency of Cr(VI) for the removal capac-
ity of the second, third, and fourth cycles remains the
same.
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