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Leather tanning mainly depends on chrome tanning. A huge amount of basic chromium sulfate (BCS) is used in leather tanning.
About 60-70% of BCS has been taken by leather and the rest of the amount is discharged as effluent and solid waste. In the
Common Effluent Treatment Plant (CETP) of BSCIC Tannery Industrial Estate (Hemayetpur, Savar, Dhaka), the effluent which
contained a high concentration of chromium is precipitated as solid chromium hydroxide with other elements which is called
a chrome cake. Chrome cake is not exposed directly in the open space due to its toxic effect on human health as well as the
environment. Human occupational experience distinctly indicates that, when inhaled, chromium compounds are respiratory tract
irritants, resulting in airway irritation, airway obstruction, and lung, nasal, or sinus cancer. It is strongly suggested to extract Cr
from the chrome cake before dumping it; otherwise, it will be a potential hazard to the environment. Herein, the chrome cake is
characterized by inductively coupled plasma-optical emission spectroscopy (ICP-OES), X-ray fluorescence (XRF), UV-visible
spectrophotometer, etc., and develops a method to separate chromium from chrome cake. ICP-OES and XRF analyses show that
the total chromium contained in chrome cake is ~17.45% and 20.7%, respectively. UV-visible spectrophotometer indicates that
~0.04% of chromium is hexavalent. Afterward, chromium has been separated by using H,SO, where the optimized concentration
was found to be 7%. The separation efficiency of chromium from the chrome cake for optimized condition is obtained at ~95%.

1. Introduction

In Bangladesh, leather or leather products are a high-priority
industrial sector and footwear exports. A lot of animal (cow,
goat, buffalo, and sheep) skins are produced all around the
year, especially during Fid-ul-Azha in Bangladesh [1]. A
tannery is a place where animal skins are processed. Ban-
gladesh Small and Cottage Industries Corporation (BSCIC)
established large units of tannery industries at Hemayetpur,
Savar, which is the outskirt of the capital city of Bangladesh
[2]. Leather is a strong, flexible, and durable material ob-
tained from tanning, or chemical treatment, of animal skins
and hides to prevent decay [3, 4]. Turning of skins and hides
into leather requires the use of a number of chemicals. After

tanning, high concentrations of the used chemicals as well as
compounds coming from the skin and hides can be found in
the wastes generated in tannery processes including
wastewater effluent, solid waste, and hazardous waste [5-9].

From raw hide to final leather, there are several steps that
have to be processed and one of them is tanning [10].
Tanning is essentially the reaction of collagen protein in the
hide with tannins, chromium, alum, or other chemical
agents [11]. The common tanning agents used in the tannery
are trivalent chromium in the form of basic chromium
sulfate (BCS) [12]. After tanning, a significant amount of
chromium is discharged which induces environmental
pollution [13]. High levels of even Cr (III) in the discharged
tannery wastewaters supplemented by the dynamic
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interconversion among Cr (III) and Cr (VI) in aqueous
environments may pose a health risk [14]. The pollution
from chromium can have dangerous consequences for water
and the soil environment. Chronic exposure and bio-
accumulation of chromium, as a heavy metal, can cause
toxicity and many pathophysiological defects, including
allergic reactions, anemia, burning, and sores, particularly in
the stomach and small intestine, and damage to sperm along
with the male reproductive system and affect various bi-
ological systems [15]. Due to the opposing (essentiality and
carcinogenicity) consequences of chromium compounds,
speciation and determination of each species play a signifi-
cant role in biochemical and toxicological investigations. It is
therefore preferable to minimize the exposure because any
amount of Cr (VI) entering cells can induce potentially toxic
effects in humans and animals. Spectroscopic techniques are
the most reported techniques used for the speciation and
determination of chromium in real samples such as dis-
charged tannery effluents and solid waste [16-18].

For the treatment of effluent and waste, the Common
Effluent Treatment Plant (CETP) was commissioned by the
government of the people’s republic of Bangladesh. CETP
has two different inlet lines from tannery: one is for the
chrome recovery plant which line contains the effluent of the
chrome tanning process, and another inlet line is called the
general line which discharges all other effluents, except the
chrome tanning process [19]. The collected effluent from the
chrome tanning process is treated with alkaline oxide. After
that, the chromium of the effluent is precipitated as chro-
mium hydroxide with other solid sediments which is known
as chrome cake. These chrome cakes are not exposed to open
land because they contain highly concentrated chromium.
Hence, the precipitation procedure for the separation of Cr
has attracted a great deal of attention.

Many attempts have been made to the selective sepa-
ration of Cr by using different chemicals [20-22] and dif-
ferent techniques [23, 24]. Some antioxidant compounds
and substances are used that can reduce Cr (VI) to a lower
oxidation state of enzymatic and nonenzymatic pathways
that detoxify the chromium-induced oxidative damage in
organisms [25-28]. Specific bacteria are effective in the
treatment of organic waste or industrial effluent [29, 30]. Cr
is separated using bacteria from tannery industry sediment
to detoxify Cr (VI) by reducing the oxidation state [31]. The
use of expensive and harmful organic solvents has limited
the broad range of applications contemplating their high
selectivity and recovery efficiency. Various treatment pro-
cedures such as adsorption, electrocoagulation, chemical
precipitation, electrodialysis, ion exchange, and membrane
separation are well known for the removal of Cr from
wastewater [32]. Among them, chemical precipitation is the
common way where NaOH, Ca(OH),, MgO, or CaMg(CO3),
is generally used for the precipitation of chromium [32].

In this study, the chrome cake was analyzed by ICP-OES,
XRF, UV-visible spectrophotometer, Karl-Fischer titrator,
pH meter, and so on. Total chromium, Cr (VI), Cr (III),
water content, and pH of the chrome cake were determined.
Furthermore, a chemical separation method was proposed
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for the treatment of this chrome cake. To the best of our
knowledge, no study has been reported for the separation of
chromium using the similar method from chrome cake. This
separation method of chromium from chrome cake will be
a potential process for the reuse of chromium in tanneries
and minimization of health risks as well as environmental
pollution.

2. Experimental

The solid effluent discharged from the CETP of BSCIC
Tannery Industrial Estate at Hemayetpur, Dhaka, Bangla-
desh, contained a high concentration of chromium known as
chrome cake. Chromium from chrome cake reacts with
H,SO, and precipitates as Cr,(SO,)s, which is the main
purpose of this study.

2.1. Description of the Study Area. In this study, the sample
“chrome cake” was collected from the chrome recovery plant
of CETP at BSCIC Tannery Industrial Estate, which is lo-
cated at Hemayetpur, Savar, Dhaka, Bangladesh. It is situ-
ated on the bank of the Dhaleshwari River. Six sampling sites
of the different portions of the chrome recovery plant of
CEPT were selected and the sample from each site was
collected daily for three consecutive days using 2000 mL
polyethylene bags. Then, six samples were mixed up thor-
oughly and a composite sample was made. The initial
chrome cake was ground and sieved (<0.5mm) to be ho-
mogenized for analysis.

2.2. Chemicals and Apparatus. In this study, nitric acid
(70%), perchloric acid (70%), sulfuric acid (98%), sodium
hydroxide, potassium dichromate, 1,5-diphenylcarbazide
were used (98%, Hightech Health Care) (DPC). Distilled
deionized water (DDW) was also used throughout the study.
All the reagents were of analytical grade and were used
without prior treatment. A UV-visible double beam spec-
trophotometer (LAMBDA 365, PerkinElmer) and in-
ductively coupled plasma optical emission spectrometer
(5110 ICP-OES, Agilent) were used for the determination of
the hexavalent and total chromium levels in the chrome cake
collected from the selected sampling sites, respectively. X-ray
fluorescence spectroscopy (XRF, Bruker AXS, S8 Tiger) was
used to determine total chromium. A microwave digestion
machine (SCP-Science, MiniWave) was used to prepare the
sample for analysis. A Karl-Fischer titrator (Metrohm,
Switzerland) and pH meter (HM-40X, DKK-TOA, Japan)
were used to determine the water content and pH of the
chrome cake, respectively.

2.3. Characterization of Chrome Cake. Before starting the
chemical separation, it is essential to characterize the raw
material. Here, chrome cake is the main raw material that is
collected from the tannery, and then the chrome cake is
characterized in terms of physical appearance and chemical
parameter, as well as spectroscopic method.
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2.3.1. Physical Appearance, pH, and Water Content of the
Chrome Cake. The physical appearance of the chrome cake
is gray. It is a soil-like solid material. Before determining the
pH, the chrome cake was sun-dried and then dispersed in
DDW. Then, the pH value is determined by a pH meter. The
water content of the chrome cake is analyzed by a Karl-
Fischer titrator. About 0.1 g of solid chrome cake was taken
to determine the water content.

2.3.2. Analyses of Total Chromium in the Chrome Cake by
ICP-OES. Before the determination of chromium in chrome
cake by ICP-OES, 1000 ppm standard chromium stock
solution was prepared by dissolving 0.2829 g of K,Cr,0; in
a 100mL volumetric flask with DDW. Furthermore,
working solutions of desired concentrations were prepared
from the stock solution by serial dilution. In order to de-
termine the total chromium content in the chrome cake
using the ICP-OES instrument, the samples were digested
using a microwave digestion procedure (USEPA 3015) with
minor modifications [33].

Briefly, 0.5 g of each sample was taken in a 50 mL Quartz
digestion tube and 15mL of HNO;, HCIO, and H,SO,
mixture (1:1:1) was added to the sample and made up to the
mark with DDW and then digested at 170°C. Each digested
outcome was allowed to cool, filtered, and diluted to 100 mL
with DDW. Unlike the others, 5mL of the digestion out-
come of chrome cake was diluted to 50 mL with DDW for
the original sample forming an intense green color in-
dicating a relatively high chromium concentration. The
instrumental operating conditions for ICP-OES are pre-
sented in Table 1.

2.3.3. Analyses of Total Chromium in the Chrome Cake by
XRF. Total chromium in the chrome cake was determined
by XRF analysis by following the instrumental operating
conditions (Table 1). About 4 g of fine chrome cake powder
was taken and mixed with 2 g of binder (Boreox). Then, the
mixture was poured into a pressing die, and the sample was
pressed to make a pellet. Then, the resulting pellet or tablet is
used for XRF analysis.

2.3.4. Analyses of Cr (V1) in the Chrome Cake by UV-Visible
Spectrophotometer. Standard solution of different concen-
trations of K,Cr,O, was prepared from the 100 ppm of
intermediate standard solution using serial dilution. 5 mL of
all standards and a blank in a 25 mL volumetric flask were
taken. DPC reagent was prepared by first dissolving a 0.25 g
of DPC in 5mL acetone and then diluting to 100 mL with
DDW. 1.0 mL of DPC solution was added to each working
solution including the blank for complexing chromium (VI)
[34, 35]. Then, pH of each solution was adjusted by 5 mol/L
of H,SO, until a pink color was observed, except in the
blank. After 15min, the absorbance of the solutions was
measured using the UV-visible spectrophotometer at
a wavelength of 540 nm. Afterward, Cr (VI) was extracted
from the chrome cake by following the published method
with minor modifications [36]. Briefly, 1.0 g of chrome cake

TaBLE 1: The optimized operating conditions for ICP-OES and XRF
instruments.

Parameter Condition
ICP-OES

Power 1100 W
Nebulizer flow rate 0.65 L/min
Nebulization pressure 1.75ber
Pump speed 20 rpm
Plasma flow 15 L/min
Auxiliary flow 0L/min
Sheath flow 0.2 L/min
Wavelength 267.716
XRF

X-ray tube Rh
Rating 60kV, 1mA
Detector Flow proportional and scintillation
Working environment Air

was taken in a 100 mL beaker and then 50 mL of 0.1 M
sodium hydroxide was added to the mixture. Afterward, the
solution mixture was placed on a hot plate for 60 min at
90-95°C, with sporadic shaking [36]. Later, the final volume
of the solution was made to 100 mL and the solution was
filtered. 5mL of the abovementioned solution was taken in
a 25 mL volumetric flask, and then a similar procedure was
followed as in the blank and standard analysis.

2.4. Chemical Treatment for Separation of Chromium from the
Chrome Cake. The chromium from the chrome cake was
separated by batch method using H,SO,. At first, different
concentrations of sulfuric acid (1.0%, 3.0%, 5.0%, 7.0%, 9.0%,
11.0%, 13.0%, 15.0%, 17.0%, and 19.0% (V/V)) were pre-
pared for optimization of the process by dilution of con-
centrated sulfuric acid (98%). Then, 10 g of chrome cake was
taken in a 250 mL beaker and 100 mL of prepared 1% H,SO,
solution was added and stirred for 3h with a magnetic
stirrer. After that, the solution was kept overnight. Then, the
solution was filtered with Whatman filter paper and washed
with DDW. The solid retained on filter paper was dried in an
oven for 3 h at 105°C. The same procedure was followed for
the preparation of all the concentrations mentioned above
for optimization.

The solid retained on the filter paper was analyzed by
ICP-OES for the determination of total chromium by fol-
lowing the method mentioned in Section 2.3.2, and recovery
percentage was calculated. XRF and UV-visible analyses of
the retained solid were performed after chromium separa-
tion from the chrome cake in optimized conditions.

For all the analysis processes, three parallel samples were
examined and the average test results were presented.

3. Results and Discussion

Leather tanning is an industrial process used for the con-
servation of raw hides by binding different chemicals
comprising chromium salts to enhance the leather quality
[37]. Naturally, chromium exhibits different oxidation
states, but Cr (IIT) and Cr (VI) are of noteworthy concern



biologically, especially since their hexavalent form is highly
toxic and carcinogenic [38]. The requirement of Cr is in-
creasing day by day because of its extensive use in numerous
industries, not only in tanning industries but also in other
chemical processes such as film and photography, plating
and electroplating, galvanometric and electrical procedures,
metal cleaning, and mining [39]. These industrial processes
generate toxic waste in large amounts that consists of dif-
ferent forms of chromium with concentrations ranging from
10-100 mg/L [40]. Chromium is frequently found in soil and
ground water because of its wide spread industrial use in
various process industries including tannery [41].

The effluent from the chrome tanning method in tannery
industries is treated with alkaline oxide and precipitated as
chromium hydroxide with other solid sediments which is
known as chrome cake. This hazardous chromium element
is of great concern for Bangladesh in terms of environmental
load and health effects. So, it is essential to separate chro-
mium from the chrome cake. H,SO, reacts with chromium
hydroxide to form chromic sulfate. Herein, chromium is
separated from the chrome cake using H,SO, by following
reaction (1).

2Cr(OH), + 3H,80, — Cr,(S0,), +6H,0 (1)

Chrome cake is a solid material that is gray. The water
content of the chrome cake is ~25.1%. The pH value of the
chrome cake is ~7.4, which is slightly basic. This is due to the
alkaline treatment of chrome tanning effluents.

Table 2 represents the ICP-OES analysis results of the
chrome cake. It shows that before treatment, the total
chrome content in the chrome cake is ~17.45 (%w/w).
Similarly, XRF analysis shows the total chromium content
~20.70 (%w/w). Hexavalent chromium in the chrome is 0.04
(%w/w) determined by a UV-visible spectrophotometer.
Trivalent chromium is calculated by simple subtraction of
hexavalent chrome from total chrome found in ICP-OES
analysis, and the value is obtained at 17.41 (%w/w) in the raw
chrome cake.

Then, the chromium is separated by the chemical sep-
aration method using H,SO,. Different concentrations of
H,SO, were used to optimize the maximum separation
performances (Figure 1). Figure 1 shows that when the
concentrations of H,SO, increase, then the separating
performances also increase gradually. At about ~7% H,SO,
concentration, the separating performance is maximum.
Further increasing the acid concentration, the separation
rate is insignificant, indicating most of the chromium from
the chrome cake is separated in this optimized concentration
(Figure 1).

Kokkinos and Zouboulis separated chromium from
tannery waste using three acids parallelly, namely, H,SO,,
HNO; and HCI [42]. They found that the maximum per-
centage of Cr(III) extraction (93%) was obtained by using
1N H,SO,, compared with similar concentrations of HNO;
(73%) or HCI (65%). In this study, only H,SO, was selected
to separate the chromium from the chrome cake due to its
maximum separating performance compared with other
acids [42]. In CETP, the chrome cake is formed due to the
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TaBLE 2: Chromium content determination (before and after
treatment) in chrome cake by ICP-OES, XRF, and UV-visible
spectrophotometer.

Total chromium

Cr (VI) UV-Vis Cr (III)
ICP-OES XRF
Before treatment of chrome cake
17.45 20.7 0.04 17.41
After treatment of chrome cake
0.71 0.88 0.01 0.70
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FIGURE 1: Separation rate of chromium against different concen-
trations of H,SO,.

alkaline treatment, where maximum chromium is found in
Cr** forms as Cr(OH);. When H,SO, is used for separation,
the maximum amount of chromium is obtained as CrSO,",
which has a higher solubility than Cr’* [43-45]. In addition,
H,S0O, is chosen for the separation of chromium which is
due to the reuse of chromium as chromium sulfate in the
further retanning process.

After successful separation of chromium from chrome
cake by using optimized H,SO,, the solid retained or residue
was characterized by ICP-OES and XRF and the maximum
separating performances were calculated (Figure 1). Table 2
indicates the ICP-OES, XRF, and UV-visible results of the
chrome cake after chemical separation. Results show that
~95.61% of total chromium is removed from the chrome
cake analyzed by ICP-OES (Figure 2). Similarly ~95.75% of
total chromium is removed from the chrome cake analyzed
by XRF (Figure 2). Figure 2 shows that the maximum
separation efficiency of chromium is ~96.75% by using 19%
of H,SO,. In the optimized concentration of H,SO, (7%),
the efficiency of separation is ~95.75% which may slightly
improve by using a higher percentage of H,SO,4 (19%). In
that case, the use of H,SOj, is very high, but the separation
efficiency is not significantly improved, so the optimized
condition for H,SO, is chosen at 7%. In the ICP-OES
analysis method, the chrome cake is digested in the mi-
crowave to prepare the sample. Further dilution was made
for analysis in ICP-OES. But, XRF analysis of the chrome
cake sample is directly used to determine the total
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FiGure 3: Trivalent and hexavalent chromium contents in the
chrome cake (before and after treatment).

chromium. For this reason, the results varied slightly in these
two analysis methods. A similar observation is found in
previously reported literature [46].

Hexavalent chromium is more toxic than trivalent
chromium. Here, we determined the hexavalent chromium
by a UV-visible spectrophotometer after the chemical
treatment of the chrome cake (Figure 3). Table 2 shows that
after the chemical separation, the hexavalent chromium in
the chrome cake is ~0.01%.

Chromium is a well-known corrosive, cytotoxic, and
carcinogenic agent in humans. Basically, Cr (VI) is highly
toxic and associated with some pathology by entering the
human cell through the sulfate transport system as an oxy-
anion at physiological pH. The toxicological effects of
chromium on humans can be categorized as respiratory

effects, carcinogenic effects, genotoxic and mutagenic effects,
cardiovascular effects, and reproductive and developmental
effects. The tannery workers are under constant threat of
chromium toxicity. At present, a huge amount of chromium
containing chrome cake is usually stored beside the tannery
estate. If proper steps are not taken immediately to separate
or recover this toxic chrome cake, in the future, it would be
a great threat to the fertile land, environment, and human
health. According to the FAO/WHO, the permissible limit of
chromium in soil is ~20 mg/kg [47], which is too low with
respect to the chrome cake (~2.7 x 10°> mg/kg).

4. Conclusions

In this study, the chrome cake was collected from CETP of
BSCIC Tannery Industrial Estate, Hemayetpur, Dhaka,
Bangladesh. The chrome cake was characterized by ICP-
OES, XRF, UV-visible spectrophotometer, and so on, and
a method was developed to separate chromium from the
chrome cake. Total chromium contained in the chrome cake
was parallelly determined by ICP-OES and XRF analyses,
and the results demonstrated that the total chromium
contained in the chrome cake is ~17.45% and 20.7%, re-
spectively. The UV-visible spectrophotometer showed that
~0.04% of chromium is hexavalent. Then, the chromium was
separated by using H,SO, where the optimized concen-
tration was found as 7%. The separation efliciency of
chromium from the chrome cake for optimized condition is
obtained at ~95%. Some advanced technologies (phytor-
emediation, bioadsorbent, and so on) may need further
improvement to enhance the separation efficiency. To the
best of our knowledge, no study has been reported for the
separation of chromium using the chemical separation
method from chrome cake. This study presents not only
a simple and scalable platform for separating chromium
from chrome cake but also an easy way to reuse chromium in
tanning and other purposes.
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