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ABSTRACT

Leather industry consumes large amounts of chemicals, particularly toxic chromium sulfate.
30-40% of chromium used in this industry is released as a solid or liquid waste, which eventually
ends up in soil and ground water. This work aims at determining the total chromium in samples of
tannery wastewater and removing it using Cactus as adsorbent. Detection of chromium (VI) and total
chromium was performed spectrophotometricaly using 1.5-diphenylcarbazide reagent in addition
to diazo-coupling reaction (between sulphanilic acid and N, N-dimethylaniline). The efficiency of
removing chromium ions from contaminated tannery wastewater by adsorption on cactus powder was
investigated by batch experiments and the effects of various parameters (pH, adsorbent dosage and
treatment time) on the percentage removal of chromium were investigated. The percentage removal
obtained was 98.8% for chromium (VI) and 97.0% for chromium (lll) at optimum conditions: pH = 8,
adsorbent dosage equal 6.0 g/l and contact time of 60 min. The results of this work demonstrated for
first time that removing chromium ions, especially carcinogenic chromium (VI), using cactus powder
is more efficient than commonly used calcium carbonate.
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INTRODUCTION

As it is known, the leather industry
consumes large quantities of water. Large amounts
of different types of chemical compounds utilized in
leather manufacturing processes are not completely
fixed or exhausted by the skins, resulting in high
chemical content in the tannery effluent. These
chemicals are discharged as a waste in tannery
wastewater, leading to several environmental threats
in the absence of proper treatment and disposal.

The tannery wastewater is highly contaminated by
various chemical pollutants including organic and
inorganic compounds and salts, that results in their
high toxicity and chemical oxygen demand (COD)'-2.
chromium is one of major chemical constituents of
the tannery wastewater with concentrations varying
from 1500 to 3000 mg/L3, where this concentration in
tannery wastewater according to Germany standards
does not exceed the value 0.05 mg/L for Cr(VI)and
1 mg/L for total chromium?*. Chromium in nature can
be found in different chemical forms, however Cr(VI)in
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the forms of CrO, >, Cr,0,* and CrO, is the most toxic
among others, because of its strong oxidizing power,
water solubility, and ability to pass though biological
membranes and it is known as inhalation irritant and
associated with respiratory cancer®°.

Researchers have been intensively studying
the treatment of tannery wastewater to remove
chromium ions using several techniques, such as
chemical coagulation®, Sedimentation techniques',
coagulation-flocculation methods'?, treatment with lime
and activated carbon'®, adsorption onto bentonite™,
amine-modified polyacrylamide'®, etc. However
adsorption techniques are the most widely used for
chromium removal from industrial wastewaters* due to
their significant advantages like low cost, abundance,
simplicity of use and efficiency, compared with other
methods'®'”. Large number of adsorbents are used
for the treatment of tannery wastewater, some are
natural and others are synthetic*'e.

Cactus (Fig. 1) is well studied for its
properties and composition'®2* and widely used
as biosorbent in removing different contaminants
and metal ions from wastewater samples'®1925-28 |n
addition to its advantages like low cost, ease of use,
abundance and low sludge mass it is absolutely an
eco-friendly biosorbent and safe for human health.
In Palestine Cactus is historically one of the most
commonly grown plants. Therefore, this work aims
at studying the removal efficiency of Chromium
(Cr(VI), Cr(llN)) from local tanneries wastewater using
Opuntia ficus-indica Cactus and comparing it with
the commonly used Calcium carbonate.

Fig. 1. Cactus Opuntia ficus-indica (p.cuctaceae) plant

MATERIALS AND METHODS

Materials

The reagents and calibration solutions
were prepared from the following chemicals: acetone
(Sigma Aldrich, >99% purity), glacial acetic acid
(Sigma Aldrich, >99% purity), 1,5-diphenylcarbazide

(alpha Acer, 299% purity), H,SO, (Sigma Aldrich,
95%-97% purity), K,CrO, (Sigma Aldrich, >99%
purity) and K,Cr,O, (Sigma Aldrich, >99% purity).

For preparation of N, N-dimethylaniline
(0.1%) 0.1 ml of pure reagent was mixed with
4 mL of 3N HCI and diluted to 100 mL of water.
Saturated bromine water (3% w/v), (5%) solution
of sulphosalicylic acid, 4 M KOH, H,SO, (2.5M),
3 M HCI, 4 M NaOH, acetate buffer (PH=4),
hydroxylamine hydrochloride (0.1%) and sulphanilic
acid (0.05%) were also prepared.

Tannery wastewater samples were obtained
from Al-Za’tari tanneries in industrial area in Hebron/
Palestine. Triplicate samples were taken from the
tanning process effluent at different height levels of
collecting container into clean sterile 500-mL glass
bottles and stored at room temperature till analysis.
As reported in an earlier work?, performed by our
colleagues from Palestine Polytechnic University,
samples of tannery wastewater from the same
local leather factory were characterized as follows
(COD-7.39 mg/L, TDS-60.3mg/L, TSS-17.3 mg/L).

Cactus opuntia ficus-indica (p.cuctaceae)
pads were collected from Al-daheriah-Hebron
(831°24'27"N 34°58'20"E) in Palestine. Pads of
Cactus were cut into thin slides, dried for 4 weeks
under sun and then at 60°C in oven till constant mass.
The obtained mass (127 g) was then grinded for
4 min and the obtained powder was kept at -20°C.

Methods
Determination of Cr(VI) concentration in wastewater
(before treatment with Cactus powder)
Determination Cr(VI) was performed using
the procedure described in®. 5 mL of wastewater
was transferred to volumetric flask, sulfuric acid was
to adjust pH at the value of 1.03, to the obtained
solution 2 mL of Ligand (1.5-diphenyl carbazide)
was transferred then distilled water was added to
achieve the volume of 50 mL. Absorbance was read
at 540 nm for each solution. Then the concentration
of Cr(VI) was determined using the calibration curve
constructed by measuring the absorbance values for
solutions with concentrations of 0.1, 0.3, 0.5, 0.7, 0.9
and 1 ppm Cr(VI) after treatment according to the
procedure above.
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Determination of the effect of pH on Cr(VIl)
removal using cactus powder or calcium
carbonate as adsorbents

Eight samples with the volume of
each 33 mL of wastewater were transferred to
beakers, then pH of solutions was adjusted to
2,3,5,6, 7,8, 9 and 10, after that the adsorbent
(0.198 g) was added to each. The solutions
were stirred for 1 h and stand overnight at room
temperature, and then filtered. The concentration of
Cr(VI1) ions was measured in the supernatant using
the procedure described above. The same procedure
was applied for studying the Cr(VI) removal using
calcium carbonate as sorbent.

Determination of the effect of adsorbent dosage
on Cr(VI) removal (using cactus powder)

Nine different samples (0.066, 0.132, 0.198,
0.264, 0.330, 0.396, 0.436, 0.528 and 0.594 g) of
adsorbent were transferred to beakers containing
33 mL wastewater each. Solutions were stirred for
1 h at room temperature and pH of 8 and let stand
overnight. Then the solutions were filtered and the
concentration of Cr(VI) was measured using the
procedure described above.

Determination of the effect of contact time on
Cr(VI) removal (using cactus powder)

The adsorbent (0.198 g) was transferred to
33 mL of wastewater. The solution was allowed to
stir at pH equal 8 and room temperature. Samples
of supernatant were separated after different periods
(30, 60, 90, 120, and 150 minutes). Samples were
filtered and the concentration of Cr(VI) ions was
measured using the procedure described above.

Determination of Total Chromium concentration
in wastewater

The concentration of total chromium in
wastewater was determined basing on the procedure
presented in®. Accordingly, 500 pg of wastewater
was taken and transferred to 50ml Erlenmeyer flask
then 0.5 mL of 4M KOH and 1.5 mL of saturated
bromine water were added and left for 5 minute. Then
2.5 M H,80, (0.5 mL) and 5% sulphosalicylic acid
(0.5 mL) were added. pH was adjusted to 4 using
3.5 mL of acetate buffer and hydroxylamine
hydrochloride (0.1%) was added. After 5 min
sulphanilic acid (0.05%) was added, the solution was
left for 3 min, after what 0.1% N, N-dimethylaniline
(5 mL) and 4 M NaOH (4 mL) were added. Then

to the obtained solution 3N HCI was added and
the volume was made up to 50 mL using distilled
water. The absorbance was read at 507 nm for each
solution using UV-Visible Spectrophotometer. For
determination the total chromium concentration,
initially standard Cr (Ill) solution with the concentration
of (1 mg/L) was prepared by adding 0.28230 g of
K,Cr,O, to 50 mL of distilled water, then saturated
solution of Na2S (1 mL) and 1 ml of 2.5 M H,SO,
were added, then the mixture was boiled for
5 min and diluted to 100 mL3'. From the obtained
solution a series of 10, 20, 30, 40, 50, 60, 70 and 80
pg/L Cr(lll) solutions were prepared and treated as
described in the procedure above. The Absorbance
was read at 507 nm for each solution using
UV-Visible Spectrophotometer and a calibration
curve was constructed.

Removal of total chromium from tannery wastewater
samples using Cactus powder

The pH of 33 mL of wastewater in a beaker
was adjusted at 8 then 0.198 g of cactus powder was
added. The solution was stirred for an hour and then
allowed to stand overnight. 500 pg/L of supernatant
was taken from the sample and transferred to
50-mL Erlenmeyer flask, then the total chromium
concentration was measured using to the procedure
described above.

RESULTS AND DISCUSSIONS

Determination of Cr(VI) concentrations in tannery
wastewater before treatment

The first step of this work was determining
the concentration of Cr(VI) in tannery wastewater.
This was performed spectrophotometricaly using
the method developed in literature®. According to
this method, 1.5-diphenylcarbazide is oxidized to
1.5-diphenylcarbazone by the action of Cr(VI) in
acidic media producing a complex with chromium
having red-violet color. The produced complex
absorbs visible light with the wavelength of
540 nm. For quantitative determination of Cr(VI)
concentration a calibration curve was constructed.
For this purpose, absorbance was measured for
Cr(VI) solutions of different concentrations after
adding the ligand (1.5-diphenyl carbazide) to each
solution. The obtained values of absorbance were
plotted against concentration of Cr(VI) (ppm). The
curve obtained was linear with correlation coefficient
R? equal 0.9959, which indicated a positive linear
relationship between the parameters (Figure 2).
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Fig. 2. Calibration curve for determination of Cr(VI)
concentration

As a result of the work, the concentration
of Cr(VI) in tannery wastewater obtained from local
Palestinian Leather factory was determined to be
8.1 ppm. This value exceeds the level declared by
International environmental standards according to
which the chromium concentration in wastewater
should not exceed 5 ppm for Cr (Ill) and 0.05 ppm for
Cr(V1)3'. This result confirms the need for treatment
of tannery wastewater using technically feasible,
cheap and environmentally safe method for removing
toxic chromium ions.

Removal of Cr(VI) from tannery wastewater using
cactus powder

The next step of work was evaluating the
efficiency of using cactus powder as adsorbent for
chromium removal from tannery wastewater and
studying the effects of adsorption conditions such
as pH, adsorbent dosage and contact time on the
percentage removal. For this purpose, samples
of tannery wastewater were treated with cactus
powder under different conditions (pH, adsorbent
dosage, contact time), after what the concentration of
chromium was determined. The efficiency of cactus
powder was expressed as percentage removal of Cr
ions which was calculated by equation (1) below:

Ci—Cf

9 1
Ci x 100% (1)

% Removal =

Where Ci and Cf are the concentrations of
the Cr ions before and after treatment with cactus,
respectively.

Determination the Effect of pH on the Cr(VI) removal
The adsorption process was performed

at different values of pH in the range 2—10 at fixed
adsorbent dosage (6.0 g/L) and contact time (1 hour).
The results are presented in Figure 3.
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Fig. 3. Percentage removal of Cr(VI) by adsorption on
cactus at different values of pH (room temperature,
overnight and adsorbent dosage 6.0 g/L)

From the figure above, it can be noted that
at acidic pH the percentage removal of Cr(VI) was
low, while it significantly increased in basic media to
reach its maximum value at pH of 8 that was 98.48%,
after that it decreased. These observations are in
agreement with the mechanism proposed by* that
is adsorption—charge neutralization and adsorption
bridging mechanisms in coagulation—flocculation
processes. Basing on the results obtained, the
optimum value of pH was found to be 8 and this pH
was used for the subsequent analyses.

In order to compare the efficiencies of
cactus and calcium carbonate adsorbents for
Cr(VI) removal, two separate series of chromium
removal experiments were performed using cactus
powder as adsorbent in one and calcium carbonate
in the other within pH range 3-11. Comparison of
the results shown in Fig. 4 for cactus and CaCOQO,
enables to confirm that CaCO, exhibited relatively
high percentage removal under both acidic and basic
pH values, while the highest percentage removal of
chromium using cactus was obtained at basic pH
values. The percentage removal using cactus was
higher than that of CaCO, at this pH range, with
adsorbent dosage (6 g/L) five times less than that
for CaCO, (30 g/L).

Determination the Effect of adsorbent dosage
on the Cr(VI) removal

Samples of wastewater were treated with
different amounts of cactus powder at fixed pH
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and contact time. The amount of adsorbent ranged
from 2.0-17.8 g/L. The value of pH was adjusted at
8 which was shown to be the optimum. The results
are demonstrated in Fig. 5. The percent removal of
Cr(VI) increased to reach the maximum value of
99% at 0.198 g/33 mL (6.0 g/L), and the subsequent
increase in adsorbent dosage resulted in gradual
decrease in removal. These results are consistent
with previous studies®, where they were explained
by the fact that in the beginning, the increase of
adsorbent dosage results in the increase of negatively
charged sites of cactus polyelctrolyte and thus the
positive metal ions aggregate and acquire enough
size to settle, but after the maximum is reached, the
increase in adsorbent dosage leads to respread of
aggregated particles on the larger sorbent surface
area and particle settling is disrupted and as a result
the particles remain in suspension.
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Fig. 4. Removal of chromium (VI) by Cactus and CaCO,
adsorbents at different pH values and at dosage equal to
6.0/L for cactus and 30.0 g/L for CaCO,
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Fig. 5. Percentage removal of Cr(VI) by adsorption on
cactus as a function of adsorbent dosage at room
temperature and pH of 8

Determination of the effect of contact time on
the Cr(VI) removal
The removal of Cr(VI) using cactus with

6.0 g/L adsorbent dosage and pH of 8 at different
time intervals was studied. The results are presented
in Fig. 6. The adsorbent achieved maximum
adsorption for Cr(VI) at contact time equal to 60
min, where the percentage removal of Cr(VI) was
99.9%. The chromium removal increased to reach
the maximum value after 60 min stirring, and
thereafter slightly decreased. Majority of metal ions
in the wastewater are attracted to adsorption sites of
Cactus with opposite charges resulting in enhanced
adsorption percent by the end of the first 60 mintue.
However, after that, progressive attachment of ions
to these sites with constant amount of sorbent, leads
to limited number of free adsorption sites, and as a
result, the process reaches an equilibrium state®.
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Fig. 6. Percentage removal of Cr(VI) by adsorption on
cactus as a function of contact time, adsorbent dosage
6.0/L and pH=8

Basing on the results obtained from the
current investigation, it can be demonstrated that the
optimum conditions for Cr(VI) removal using cactus
powder adsorbent are the following: pH-8, adsorbent
dosage-6.0 g/L and contact time-60 minute. These
conditions were applied for subsequent steps of
analysis.

Removal of total chromium using cactus powder

For determination of total chromium a
spectrophotometric method using sulphanilic acid
and N, N-dimethylaniline was used?®. In this method,
Cr(Il) is initially oxidized to Cr(VI) with bromine water
in basic media. Then, Cr(VI) oxidizes hydroxylamine
at pH of 4 to nitrite ion that reacts with sulphanilic acid
converting it to diazonium salt, which is attached to N,
N-dimethylaniline in basic solution to produce methyl
orange, that orange color when acidified and absorbs
the visible light with wavelength of 507 nm.

Absorbance was measured for total
chromium solutions of different concentrations. The
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obtained values of absorbance were plotted against
concentration of total chromium (pg/L) to construct a
calibration curve. The correlation coefficient (R?) of
obtained curve was 0.999, which indicated a strong
positive linear relationship between the parameters
(Figure 7).
06 y=0.0061x+0.0108
R2=0.999
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Fig. 7. calibration curve for determination of concentration
of total chromium

The concentration of total chromium
in untreated tannery wastewater samples was
determined using the obtained equation from
calibration curve, and was found to be to 41.109
ppm, as shown in the Table below. Thereby the

concentration of Cr(lll) have been calculated to be
equal to 33.0 ppm. This value exceeds the level
declared by International environmental standards
(5 ppm for Cr(Ill)*'. After that, samples of wastewater
were treated with cactus powder (6.0 g/L), at pH of 8, for
60 min) and then the total chromium was determined.
The results are shown in the table below.

These presented results demonstrate
the high efficiency of cactus powder in removing
chromium ions from tannery wastewater, where the
percentage removal was 97.37% for total chromium,
98.8% for toxic Cr(VI) and 97.0% for Cr(lIl).

In the Table 2 below, the percentage
removal of Cr(VI) using various methods reported in
some previous works are presented. Comparing the
data shown in Table 2 with the results of this work,
in addition to the previously mentioned advantages
of using cactus as adsorbent for chromium ions,
obviously prove the advantage of using cactus for
chromium removal over other sorbents and methods
used in some previous works. Therefore cactus can
be recommended as an efficient, safe and cheap
adsorbent for the treatment of tannery wastewater.

Table 1: Percentage removal of total chromium at optimum conditions
(pH =8, and 6.g cactus/L)

Concentration of total

chromium (ppm)

Concentration of
chromium I11) (ppm)

Concentration of
chromium(VI1) (ppm)

Untreated wastewater 411
Treated wastewater 1.08
%Removal 97.37

8.1 33.0
0.09 0.99
98.80 97

Table 2: Percentage removal of Cr (VI) as reported in some previous works using
different methods and sorbents

Method or sorbent

%removal of Cr (VI)

Chemical coagulation using aluminum sulphate and ferric chloride® 74-94
Adsorption onto bentonite clay' 93
Sedimentation' 83.2
Natural, protonated and thermally treated Ectodermis of Opuntia'® 77
Natural polyelectrolyte, extracted from the cactus Opuntia ficusindica, with either:

a- aluminum sulfate or a-83
b- ferric chloride b-91.22
Lime/bittern coagulation and activated carbon adsorption'® 99.7
Polyacrylamide-grafted coconut coir pith'® 99.4

CONCLUSION

The results of the present work showed

that Cactus acts as an excellent adsorbent for
carcinogenic Cr(VI) in basic medium. The percentage
removal of Cr(VI) using Cactus reached 98.8% and
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97.0% for Cr(lll) under the optimum conditions (pH-8,
contact time-60 min and adsorbent dos age-6.0 g/L).
Cactus has adsorbent capacity close to CaCO,,
requiring dosage lower than CaCQ, in basic medium.
Thus Cactus can be used as low-cost alternative to
other adsorbents since it readily available in nature
giving an advance of it is biodegradability and
formation lower sludge.
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