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Abstract

Industrial activities that consume water generate wastewater as a by-product of processing which introduces various contami-
nants such as heavy metals into the neighbouring water bodies that creates adverse effects on the surrounding environment.
Tannery industry releases more toxic effluent than most industries, which directly and indirectly exerts stress on various
ecosystems. The heavy metal chromium (Cr), one of the pollutants found in tannery effluent, is very much detrimental to
human health, animals, and plants. Conventional physico-chemical and biological processes can remove this heavy metal
in considerable amounts. Recently, various applications of advanced technologies such as membrane technology, electro-
coagulation, ion exchange, and electrodialysis for tannery wastewater have been growing due to their relative advantages
over other technologies in terms of sustainability. This paper represents the review of various available techniques as well
as represents a case study of chromium removal from tannery effluent by a low-cost absorbent.
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Introduction

Water in the Earth is analogous to blood in the human
body. Without water, Earth may be considered as an
another planet, a sterile, desolate, grey hunk of orbiting
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rock (Spellman 2017). In the name of urbanization and
industrialization, people on Earth are polluting the Earth’s
blood that is water. Various industrial processing are the
main sources of water pollution, and it may vary exten-
sively with the nature of industry. Wastewaters from indus-
tries generally include processing waste from the manufac-
turing unit, sanitary waste of employees, water discharged
from washing factory floor and relatively uncontaminated
heating and cooling water (Emongor et al. 2005). Treat-
ment of wastewater for removing toxic metal pollutant
contents is of great concern as these metals create a great
threat to people’s and animal’s health. Among them, chro-
mium is one of the familiar contaminants which gains
importance owing to its highly toxic character even at a
very low concentration. In addition, water contamination
by chromium (Cr) has drawn greater attention in the pre-
sent context of global ecology as this metal has found its
extensive use in textile industries, electroplating, leather
processing, metal finishing, and chromium preparation.
Chromium exists in oxidation states of Cr(II), Cr(III) and
Cr(VI) where hexavalent form of Cr is 500 times more
toxic than the trivalent one. This Cr(VI) is a carcinogenic
agent which can cause health risks for humans. Its toxicity
may damage human organs including kidney and liver as
well as can cause dermatitis and gastrointestinal ulcers.
The trivalent chromium is more stable and sometimes is
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essential for mammals in trace amount and comparatively
immobile in the aquatic system owing to its low water sol-
ubility. Apart from surface water pollution, groundwaters
are also contaminated by Cr-related industrial activities
(Belay 2010; Swathanthra and Rao 2014; Kowalski 1994;
Dokken 1999). For this reason, hard and fast environmen-
tal regulations exist in many countries for controlling the
discharge concentration limit of chromium to the environ-
ment. Several treatment procedures such as adsorption,
chemical precipitation, electrocoagulation, ion exchange,
electrodialysis, and membrane separation are available
for removal of Cr from wastewater (Fathima et al. 2005).
Among these, chemical precipitation is the common way
for the removal. Commonly used chemical precipitators
are sodium hydroxide, calcium hydroxide, magnesium
oxide, or calcium magnesium carbonate. Parameters
or factors that are affecting the precipitation including
the type of precipitation agent, pH, speed or agitation,
sludge volume, time of mixing, and complexing agents
(Abdulla et al. 2010; Kocaoba and Akcin 2002). Again,
advanced treatment techniques, such as ion exchange,
reverse osmosis, electrocoagulation, membrane filtration,
and electrodialysis are effective for removing Cr(VI), but
these are expensive and produce concentrated wastes that
require subsequent treatment and disposal (Komori et al.
1990). Biological treatment may give a suitable means
for Cr(VI) removal from wastewater. Various fungal and
bacterial species were reported for chromium bioremoval.
Actinomycetes, Streptomyces rimosus and Streptomy-
ces griseus showed promising chromium removal from
wastewater (Nerenberg and Rittmann 2004; Lovley and
Coates 2003; Polti et al. 2007; Poopal and Laxman 2009).
Alternately, some low-cost agriculture wastes such as
chitosan (Yasmeen et al. 2016), rice husk (Xavier et al.
2013), waste tea leaves (Nur-E-Alam et al. 2018), neem
leaves (Gopalakrishnan et al. 2013), coconut shell, orange
peel (Amir et al. 2017; Stoller et al. 2017),banana rachis
(Payel and Sarker 2018), watermelon rind (Stoller et al.
2017),pomegranate husk (E1 Nemr 2007), sawdust (Prado
et al. 2010), etc., have adsorption potential to remove Cr
from wastewater particularly tannery effluent.

In recent years, the strong environmental law compels
industry to invent sustainable technologies to bring down
the concentration of hazardous metal ions below the dis-
charge limits. For that, advanced wastewater treatment like
membrane filtration (Chaudry et al. 1998; Hafez et al. 2002;
Kulkarni et al. 2007), electrocoagulation (Gao et al. 2005;
Babu et al. 2007), electro-flotation (Babu et al. 2007), elec-
tro-oxidation (Ouejhani et al. 2008; Panizza and Cerisola
2016), ion exchange (Panizza and Cerisola 2016; Sahu et al.
2009), electrodialysis (Deghles and Kurt 2016; Lambert
et al. 2006), etc., have gained importance for removal of Cr
from tannery wastewater.
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Tanning process

Leather tanning is an ancient trade that dates further back
than husbandry, textile, art, music, and even the evolution
of writing. Even in ancient cultures, tanning process main-
tained desirable properties of leather for making useful
articles, particularly shoes, clothing, and leather goods.
Leather manufacturing process depends greatly on the by-
product of the meat industry that slaughters animals pri-
marily for the meat (Thorstensen 1999). Leather tanning is
defined as a process of converting putrescible outer cover-
ings of animals to non-putrescible leathers with definite
physical, chemical, and biological properties so that they
can be used in our daily life and industries (Dutta 1999).
This is a multistep lengthy process, involving a number of
chemicals, salts, and other auxiliaries. Operations carried
out in the beam house, tanyard, and post-tanning areas are
frequently referred to as wet processes, as they are carried
out in processing vessels such as drums. Following post-
tanning, leather is subjected to dry finishing operations.
Processes employed in each of the above stages depend
on the raw materials used and the desired final products.
Therefore, the environmental impacts incurred from dis-
charge wastewater contents vary from tannery to tannery.
Figure 1 shows the various processing steps of leather tan-
ning (Rydin et al. 2013).

Tanning and environmental threats

Some industrial activities generate pollutants that
adversely affect the entire environments. These pollutants
present in wastewater at different concentrations enter into
the environment directly or indirectly. That is why treat-
ment of these wastewaters is major areas of concern, and
these wastewaters may vary extensively with the type of
industry (Emongor et al. 2005). Wastewaters released from
tanneries are ranked as the biggest polluters among all
industrial wastewaters (Shen 1999). Among the various
tanning systems, chrome and vegetable tanning are popular
all over the world. Today, 80-90% of leathers produced in
the world are Chrome-tanned leather. Chromium was first
discovered by French chemist Nicolas Louis Vauquelin
in 1780 in Paris (Chemicool 2012). Chrome tanning uses
acids, various solution of chemicals, and salts including
chromium sulphate to tan the hides and skins (Silvateam
2020). Chromium needed for chrome tanning is about 2%
or more of the weight of the hides and skins, and the fixa-
tion of the chromium is about 60-70% only. Therefore,
about 0.5 kg chromium may remain in the used tanning
solutions per 1000 kg of hides tanned. This results in
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Fig. 1 Process steps in leather tanning (Rydin et al. 2013)

material loss as well as disturbance to ecological balance
(Thorstensen 1999). Though the leather industries play a
significant role in the national economy of many countries,
these also create negative impacts on the country’s total
environment. The high concentration and low biodegra-
dability of the pollutants present in tannery effluent is a
major cause of serious environmental concern (Saxena
et al. 2016). Following paragraphs very briefly describe

the negative impacts of tannery wastes on environment
and on human health.

On the surface water
Tannery effluents are characterized as high-coloured, foul-

smelling, acidic, and alkaline liquor (Essays 2018). The
disposals of these effluents into any surface water affect its
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quality in diverse ways. The high organic content interferes
with the oxygen content of the receiving water. The alkaline
and sulphide content jeopardize the aquatic life. Effluent con-
tains hydrogen sulphide gas when mixed with receiving water,
then this gas is liberated due to the lowering of pH value. This
gas is so poisonous that its concentration of 800 parts per
million parts of air may cause death to human being (Dutta
1999). Chromium (IIT) in wastewater despite its significantly
less toxicity than Cr(VI) makes the aquatic environment toxic
to the biota. Presences of lime, short hair, fleshing, etc., make
the water cloudy, and the colouring substance alters the taste
and odour. It also impedes the sunlight penetration, thus
reducing the photosynthetic activity (Mwinyikione 2010).
Oily substance affects the aeration of water and as an indirect
effect threatens the survival of the aquatic life. COD and BOD
values of the tannery effluent are much higher than that of the
surface water quality guideline (Akan et al. 2009). Figure 2
shows the mixing of tannery wastes with surface water.

On soil

The fertility of soil is greatly affected from the pollution
caused by disposed tannery effluent. Crops grown in this soil
show delayed maturity and stunting (Mondol et al. 2017).
Chamon et al. observed a reduction of rice production by
43.6% due to soil toxicity with the tannery heavy metals
(Chamon et al. 2005). Usually, tannery solid wastes are
dumped on the nearby tannery areas as shown in Fig. 3.

On ground water

Due to the dumping of untreated tannery wastes into the
river, land, roadsides, agricultural fields, salts, and other
chemicals percolate into the soil, thus polluting the ground-
water. This affects the drinking water quality as well as

Fig.2 Tannery wastes mixing with drain water (Authors)

Jielase cllall & .
EA}—EJSTJ;L,LJ.&UI‘; m?;f:ﬁ @ Springer

Fig.3 Tannery wastes on land (Authors)

the irrigation system around the affected areas such as low
crop production (Kankaria et al. 2011; Mondal et al. 2005).
Groundwater may take a lengthy time to purify itself owing
to its slow movement and out of contact with air (Jahan
et al. 2015).

On sewers

Disposal of tannery wastes into the sewer causes the clog-
ging of the sewers. The suspended solids like lime, hair,
fleshing, etc., settles at the bottom of the sewer thus choking
the water flow. Figure 4 shows the mixing of tannery effluent
with sewer.

On human health
Unsafe working conditions of tanneries create occupational

and health hazards. There are numerous general health
problems that tannery workers face like skin and respiratory

Fig.4 Tannery effluent mixes with sewer (Authors)
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diseases, which are resulted from repeated exposure to haz-
ardous chemicals (Das et al. 2015). Chromium that is not
fixed by the hides and skins remains in the effluent as about
30-40% of the initial amount. Though Cr(III) is a necessary
nutrient for the human body, there is no doubt that Cr(VI)
compounds are acutely and chronically toxic. It can cause
headache, dizziness, irritation of eyes, and skin, allergic reac-
tions, damage to liver, kidney or nervous system or collapse
lungs due to lack of oxygen (Belay 2010; Kankaria et al.
2011). According to Human Rights Watch, 90% of tannery
employees die before the age of 50. Many workers die of
cancer probably caused by exposure to toxic chemicals used
for leather tanning (PETA 2019; Human Rights Watch 2012).

On air

Air pollutants such as hydrogen sulphide (H,S), ammonia
(NHs), sulphur dioxide (SO,), carbon dioxide (CO,), fume
of formic acid, chlorine (Cl,), volatile organic compounds
(VOCs), etc., are generated in different stages of leather pro-
cessing that accumulate in the air to a degree that is harmful
to living organism. Out of these both the H,S and NH; are
very toxic gases. Bad odour also comes from the putrefying
hides and skins. These pollutants returned to the earth’s sur-
face as fog or mist or acid rain which affects aquatic life, veg-
etation, and human health (Das et al. 2015; Hashem and Jor
2015; Panda et al. 2012). Exposure to H,S gas, which has a
characteristic rotten egg odour, may cause delirium, nausea,
headaches, and disturbed equilibrium, convulsions, tremors,
as well as skin and eye irritation. It causes many respiratory
diseases (ATSDR 2014). Contaminants that are produced dur-
ing the different steps of the leather tanning process are given
in Table 1.

Methods of chromium (Cr) removal
from tannery wastewater

Heavy metal contents of wastewater generated from diverse
types of industries pose serious threats to the environment.
Their concentration in the environment has increased to
a dangerous level due to extensive industrial activities.

Massive amounts of solid and liquid wastes are thrown to
the environment without any treatment. Metals whose den-
sity exceeds 5 g per cubic centimetre is regarded as heavy
metals. Most of the elements fall into this group are highly
water-soluble, toxic and carcinogenic agents (Gunatilake
2015a). Heavy metals in industrial effluent include lead,
nickel, arsenic, chromium, and cadmium. Several physico-
chemical processes have been developed for the removal of
heavy metals of industrial effluent (Singh and Gupta 2016).
Chromium is extensively used in industrial activities like
leather tanning, electroplating, stainless steel production,
and wood preservatives making. Wastewaters produced
from these industries containing Cr have harmful effects on
the environment as well as to human health because Cr is
well known for its carcinogenicity, mutagenicity, and terato-
genicity in humans, animals, and plants (Saranraj and Suji-
tha 2013). In Cr tanning, only 60-70% of total chromium
salts react with the hide and skin that is why about 30-40%
of chromium remains in the solid and liquid wastes. Conse-
quently, the removal and recovery of the chromium content
of the tannery wastewaters are essential from the economic
and environmental standpoint (Esmaeili et al. 2009). Brief
descriptions of some of the removing processes of Chro-
mium from wastewaters are presented below.

Adsorption

Adsorption is considered as a phase transfer process which
is generally used to eliminate substances from various waste-
waters and gases. It is a separation or purification technique
that has been used for a very long time, and the heart of
the adsorption process is usually the porous solid medium.
Adsorption may be defined as the enrichment or accumula-
tion of particles from the fluid phase on the surface of a solid
or a liquid. There are mainly three distinct mechanisms for
adsorption. These are steric, equilibrium, and kinetic mecha-
nisms. Steric separation allows the molecules to enter having
less pore diameter of the porous solid and excludes the larger
molecules. In equilibrium mechanism, molecules having
stronger adsorbing power are preferentially separated by the
adsorbent. The kinetic mechanism is based on the different
rates of diffusion of different molecules into the pore of the

Table 1 Chemical and gaseous Leather processing stage

Water pollutants Air pollutants

contaminants produced at
different stages of leather

Soaking/liming
processing (Mwinyikione 2010)

Deliming and bating
Degreasing
Pickling/tanning
Retanning/bleaching/dyeing

BOD, COD, SS, DS, sulphides H,S

BOD, COD, SS NH;

BOD, COD, DS

BOD, COD, DS, acids, salts Acidic fumes

Acids, salts, chrome, chlorinated, phenols Volatilized,
chlorinated,
phenolics
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solid; thus, by controlling the time of exposure the faster-
diffusing molecules are preferentially separated by the solid
(Worch 2012; Do 1998). For simplicity and cost-effective-
ness, adsorption plays an important role in the treatment of
wastewater (Malik et al. 2015). Surface area, pH of the solu-
tion, temperature, nature, dose of adsorbent, and interfering
substances affect the adsorption process (Grassi et al. 2012).
Many researchers treated chromium-loaded wastewaters by
adsorption process with various adsorbents. Bansal et al.
has carried out research on Cr(VI) removal from synthetic
wastewater using agricultural waste of rice husk. Batch
mode operation was carried out considering pH, adsorbent
dose, solution initial concentration, and contact time as oper-
ating parameters. Maximum 76.5% Cr(VI) was removed at
pH 2.0 with formaldehyde treated rice husk (Bansal et al.
2009). Fahim et al. investigated removal of Cr(III) from
tannery effluent using low-cost activated carbon produced
from sugar industry waste and could remove 98.86% Cr(I1I)
(Fahim et al. 2006). Birhanie et al. researched on pumice
(volcanic rock) for removing Cr from tannery effluent and
achieved 76% Cr reduction (Birhanie et al. 2017). Sivakumar
used rice husk silica powder as an adsorbent for removal of
Cr(V]) from tannery effluent. At dose of 15 g, the contact
time of 150 min, and pH of 4, the study found a maximum
88.3% Cr(VI) removal (Sivakumar 2015). Natural adsor-
bents such as clay, zeolites, peat moss, and chitin and agri-
cultural wastes like neem bark, walnut shell, rice husk, spent
tea waste, sugar industry waste, etc., are regarded as effec-
tive adsorbent for removing heavy metal like Cr, Pb, Cd,
Cu, Zn, etc., from various industrial wastewater (Tripathi
and Rawat Ranjan 2015). Bark of Pinus sylvestris, a spe-
cies of pine, was used by Alves et al. as adsorption agent of
Cr(III) removal from tanning wastewater. The study shows
that more than 90% Cr removal was obtained at pH 4.5-5.0
range (Margarida Alves et al. 1993). Payel et al. used banana
rachis charcoal to uptake Cr from tannery wastewater. The
study was performed against different operating parameters,
e.g., contact time, dose, and pH. The maximum Cr uptake
was found 99.8% at pH 6.7, 3 g/75 ml dose, and 15 min
contact time (Payel and Sarker 2018). Removal of Cr(III)
from artificial and real tannery effluent was investigated by
Santosa et al. using chitin—humic acid as adsorbent (Santosa
et al. 2008).

Table 2 Common precipitants and their characteristics (USEPA 2000)

Chemical precipitation

Chemical precipitation is regarded as one of the established
technology for heavy metals and other pollutants removal
from wastewater owing to its simplicity and low cost. In this
method, pollutants settle down as precipitates which then
separated from the solution employing filtration, centrifuga-
tion, or other suitable methods. Coagulant as a precipitating
agent causes the smaller particles suspended in solution to
increase their particle size for settling down as sludge. Usu-
ally, hydroxide precipitant is commonly used for its low cost,
simplicity, and ease of pH control. The conventional chemi-
cal precipitation techniques include sulphide precipitant and
hydroxide precipitant (Gunatilake 2015a; Esmaeili et al.
2009; USEPA 2000). In hydroxide precipitation process,
addition of coagulants such as iron salts, alum, and organic
polymers can increase the removal quantity of heavy met-
als from wastewater (Fu and Wang 2011). Some common
precipitants and their characteristics are shown in Table 2.
Chemical precipitation of chromium by calcium hydrox-
ide [Ca(OH),], sodium hydroxide (NaOH), magnesium oxide
(MgO), or calcium magnesium carbonate [CaMg(CO3),] is
frequently practiced in many tanneries (Hintermeyer et al.
2008). Ramakrishnaiah and Prathima worked on the removal
of Cr from synthetic wastewater using sodium hydroxide
and calcium hydroxide combination at dose of 100 mg/l and
pH 7. The study found the maximum percentage (99.7%)
of Cr removal and the sludge production minimal (Ram-
akrishnaiah and Prathima 2012). Minas et al. found better
results using MgO as precipitating agent than NaOH and
[Ca(OH),)] at pH 9.8-10.3. They recovered almost 30%
Cr using concentrated sulphuric acid (H,SO,) at about pH
2.8, and this Cr could be mixed with 70% fresh basic chro-
mium sufate (Minas et al. 2017). Abbas et al. investigated
four precipitating agents such as NaOH, [Ca(OH),], MgO
and Al,(SO,);-18H,0 for the reduction of Cr from tannery
effluent. The Cr removal by MgO and Ca(OH),combination
showed better result than the others and also produced less
amount of sludge (Abbas et al. 2010). Precipitators like
NaOH, Ca(OH),, or MgO immobilize the heavy metals as
their respective hydroxides. Barbooti et al. studied removal
of various heavy metals such as chromium (III), copper
(II), iron (III), lead (II), nickel (II), and cadmium (II) from

Chemicals Characteristic

Alum

Ferric chloride
35-45%FeCls;. It is extremely corrosive

Lime

Polymer

Alum is an off-white crystal which, when dissolved in water, produces acidic conditions
Ferric chloride (FeCl,) is available in either dry (hydrate or anhydrous) or liquid form. The liquid form is usually

Lime is available in many forms, with quicklime (CaO) and hydrated lime [Ca(OH),] being the most common forms
Polymers may be available as a prepared stock solution ready for addition to the treatment process or as a dry powder
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aqueous solutions using NaOH, Ca (OH),, or MgO. The
results showed that MgO was very effective in removing
heavy metals at pH 9.5-10 (Brbooti et al. 2011). Cr precipi-
tation by combination of CaO and MgO to treat the tanning
wastewater was evaluated by Geo et al. This mixture precipi-
tates Cr much quicker than the NaOH due to the bridging
capability of Ca>* and Mg?" (Guo et al. 2006). Precipitates
that formed are separated by sedimentation occasionally
with the help of prior coagulation. The separation process
depends to a large extent on the solubility of the precipi-
tates, which could be carbonate, hydroxide, or phosphate salt
(Guidance 2014). Factors that affect the process of chemical
precipitation are pH, type of precipitating agents, velocity
of precipitation, mixing time and speed, sludge volume, and
complexing agents (Esmaeili et al. 2009). Complete removal
of Cr from tannery effluent using alkaline precipitation is
difficult owing to plenty of organic ligands. Specification of
the residual Cr following alkaline precipitation can show a
significant guide for the selection and design of additional
treatment processes (Mwinyikione 2010).

Coagulation and flocculation

Coagulation and flocculation play a prevalent role in various
water and wastewater treatments. These techniques are used
to form particles large enough to be separated and removed
by following sedimentation or alternative clarification pro-
cesses. From ancient times, people have been using vari-
ous substances like crushed seeds as coagulants for potable
water treatment. The Egyptians were using vessels smeared
around with almonds to purify river water as early as 2000
BC. In 1757, alum was used for the treatment of river water
in England. Coagulation and flocculation are still important
processes of water and wastewater treatment (Wang 2016;
Bratby 2006). Coagulation occurs when a coagulant, like
alum, is added to the water and wastewater to neutralize the
charges on the colloidal particles, thus bringing the particles
closer together to permit a floc begin to form. The floccula-
tion technique, following coagulation, permits smaller parti-
cles formed during the rapid coagulation step to agglomerate
into larger particles to form settle able and/or filterable floc
particles. So, the role of a flocculant is to bring together
coagulated particles into larger masses and settle them (Pil-
lai 1997). When alum is added to water and wastewater, the
following reaction (Eq. 1) occurs (Imran et al. 2012):

In wastewater treatment, coagulation and floccula-
tion process are used to remove or separate colloids, sus-
pended particles, natural organic matters, toxic metals,
colour, odour, etc. (Tzoupanos and Zouboulis 2008). Akbal
and Camci studied the reduction of Cr from metal plating
wastewater using aluminium sulphate [Al,(SO,);-18H,0]
and ferric chloride (FeCl;-6H,0) as coagulants. The study
results showed 99.9% of Cr removal by chemical coagu-
lation process (Akbal and Camci 2010). Imran et al. used
calcium carbonate (CaCO;), ammonium aluminium sul-
phate [NH,AI(SO,),], aluminium sulphate [Al,(SO,),], and
sodium citrate (Na;C4HsO,) coagulants which were immo-
bilized into bead form using sodium alginate to treat tannery
effluent. Immobilized ammonium aluminium sulphate was
found more effective for the chromium removal from tan-
nery effluent. After treatment, in most cases the Cr removal
value reduced to < 0.5 g/l (Imran et al. 2012). Os et al.
examined the individual performance of both ferric chlo-
ride and organic polymer (a non-ionic polyacrylamide) and
performance of ferric chloride—polymer combination for the
treatment of beverage industrial wastewater to remove chro-
mium, zinc, and total iron. Combinations of ferric chloride
and polymer at different ratios showed better metal removal
performances in the range of 69-90% for zinc, 84-97% for
total chromium, and 69-92% for total iron, respectively, with
minimum sludge (Amuda et al. 2006). Metal salts such as
ferric and alum chloride produce sludge which is normally
incompact, porous, and difficult to be dewatered due to its
high moisture content. Ionic salts, on the other hand, give
less sludge volume with bigger and compact flocs. Haydar
and Aziz evaluated the performance of cationic polymers
as a substitute of metal salts for the treatment of tannery
effluent and found 96-97% of Cr removal (Haydar and Aziz
2009).

Electrochemical treatment (ECT)

In 1889, wastewater treatment using electricity was first
planned in UK and the application of electrolysis in min-
eral beneficiation was patented by Elmore in 1904. A large-
scale drinking water treatment by electrocoagulation was
started throughout the USA in 1946 (Chen 2004). Electro-
chemistry is the branch of chemistry that connects the elec-
trical and chemical effects, and electrochemical treatment
(ECT) is a process of passing current through an aqueous

Al,(SO,), - 18H,0 + 3Ca(HCO;), — 3CaSO, + 2AI(OH); + 6CO, + 18H,0 )]

The insoluble aluminium hydroxide, AI(OH);, is a gelati-
nous flocculant that settles slowly through the wastewater,
sweeping out the suspended material.

metal-bearing solution holding a cathode and anode. This
is an alternative process for treating wastewater. ECT con-
sists of processes like electro-deposition, electrocoagulation,
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electro-disinfection, electro-oxidation, electro-reduction,
electro-osmosis, and electro-flotation (Bard and Faulker
2001; Gunatilake 2015b). This process has created interests
among the researchers due to its versatility and eco-friend-
liness. Here electron is used as a cleaner reagent (Barrera-
Diaz et al. 2003a).

Electrocoagulation (EC)

It is the process of destabilization of colloidal particles
using electric current through the wastewater. As the current
passes through the solution, the anode material undergoes
oxidation and cathode gets reduced. Iron and aluminium are
usually used as anodes. If iron is used as an anode, then the
following reactions (Eqs. 2—4) take place (Barrera-Diaz et al.
2012): Anodic reaction:

2 —
Fe) — Fe(af]) +2e Q)

Cathodic reaction:

2H,0 +2e” — Hy(,, + 20H™ (3)
Overall:
Fes) +2H,0 — Fell + Hy( + 20H" )

Liberated Fe’* and OHions react to form various mono-
meric and polymeric hydrolysed species. The concentration
of the hydrolysed metal species depends on the metal con-
centration and the solution pH. These types of hydrolysed
metal species are responsible for the coagulation of pollut-
ants from solution (Singh et al. 2013). Chemical coagula-
tion is a quite effective process of heavy metals removal
from wastewater but generates secondary pollution when
coagulants like aluminium or iron salts added to wastewaters
for removing colloidal particles as gelatinous hydroxides.
Electrocoagulation does not require any chemical species as
coagulating agents and is being used successfully in many
industrial wastewater treatment (Dermentzis et al. 2018).

Electro-flotation (EF)

It is a simple process where bubbles are formed electrically
to float pollutants on the surface of the wastewater. In the
traditional floating process, bubbles are generated from
dissolved air under pressure for removing pollutants. EF
replaces the bubbles generated from dissolved air by water
electrolysis. Hydrogen and oxygen bubbles are generated at
the cathode and anode respectively (Mickova 2015). These
bubbles collide the suspended particles in the wastewa-
ter and float them to the surface of the water which then
skimmed off. The basic mechanism lies in the electrolysis
of water (Priya 2012).
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Electro-oxidation (EO)

Itis a type of advanced oxidation processes (AOP) for waste-
water treatment. When electric current is applied through
electrodes in the wastewater, strong oxidizing species like
-OH are formed, which interact with the pollutants and
degrade them (Wikipedia 2019). For organic wastewater
treatment, EO is accomplished in two ways. First, by direct
anodic oxidation, in which organics are adsorbed at the elec-
trode and oxidized at the surface of the electrode and sec-
ond, by indirect oxidation in which some oxidizing agents
are produced electrochemically which are responsible for
oxidation of organics existing in the wastewater (Kushwaha
et al. 2010).

The traditional chromium removal process from wastewa-
ter is the reduction process followed by precipitation which
produces large amounts of residual sludge. This generated
sludge is difficult to manage and transport. That’s why new
technologies are needed to address and solve the problems.
Numerous scientific papers have been published regarding
heavy metals removal from wastewater using different elec-
trochemical treatments which are cost-effective, versatile,
and eco-friendly. Diaz et al. investigated the chemical and
electrochemical processes on the removal of Cr from aque-
ous solution. Results revealed that the electrochemical pro-
cess generated less sludge compared to the chemical process
(Barrera-Diaz et al. 2003b). Benhadji et al. studied on simul-
taneous reduction of organic and inorganic pollutants from
tannery effluent by electrocoagulation. Experiments revealed
that more than 90% of BODs, COD, Cr, iron, turbidity, and
nitrate were removed (Benhadji et al. 2011). Hunsom et al.
designed an anionic membrane reactor consisting of the
stainless steel and titanium coated with ruthenium oxide
as electrodes to remove Cu*?, Cr*®, and Ni*? from plating
industrial effluent. More than 99% metals were reduced
in the reactor (Hunsom et al. 2005). Kongsricharoem and
Polprasert used electrochemical precipitation process to
remove Cr*¢ from electroplating wastewater having initial
concentration 215-3860 mg/1. After treatment, the remain-
ing concentrations of Cr'® in the wastewater were less than
0.2 mg/l (Kongsricharoern and Polprasert 1995). Rana et al.
reported 98.5% electrochemical removal of Cr from indus-
trial effluent using carbon aerogel electrodes with acidic
condition (Rana et al. 2004). Narayanan and Ganesan inves-
tigated on Cr*® removal from synthetic wastewater by batch
mode electrocoagulation technique coupled with adsorption
using granular activated carbon (GAC). Results showed that
maximum chromium removal was archived at pH near 8.0
(Vivek Narayanan and Ganesan 2009). Murugananthan
worked on elctro-flotation technique to remove chromium
along with other pollutants such as COD, suspended solids
and sulphides from tannery effluent. Cr*® reduced to Cr™
by electrochemical precipitation. The chromite (FeCr,0,)
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thus produced was instantaneously floated and removed by
electrically produced H, bubbles. The maximum percentage
of Cr*® (99.5%) removal was achieved in the basic range of
pH (Murugananthan et al. 2004).

lon exchange

Ton exchange is a reversible chemical reaction through which
ions in solution are exchanged for similar ions attached to
a solid matrix. It is very effective for reducing heavy met-
als from wastewater as it is a cost-effective and convenient
process in operations. The solid matrix particles commonly
used are synthetic organic ion exchange resins. Naturally
occurring inorganic zeolites are also used. Due to its tailor-
ing characteristics to specific applications, synthetic resins
are widely used. The exchange resins can take up positively
or negatively charged ions from an electrolyte solution and
discharge other ions with the same charges in an equiva-
lent amount into the solution (Gunatilake 2015a; Singh
and Gupta 2016). During removal, interaction between ion
exchange and metals can be expressed as follows (Eq. 5)
(Bai and Bartkiewicz 2009):

nR™ —H'"+M"" & nR™ - M,, +nH" (5)

where R"and M"* represent the anionic group attached to
the ion exchange resin and the metal cation, respectively,
while “n” is the coefficient of the reaction component which
depends on the oxidation state of metal ions.

The ion exchange method is an alternative technique for
removal and the recovery of valuable heavy metals from
industrial wastewater. Numerous studies were carried out
for Cr removal from wastewaters using ion exchange res-
ins. Cavaco et al. removed Cr(IIl) from the electroplating
industry using two resins-chelating exchange resin and weak
cationic resin. The experimental results revealed that both
the resins were effective for the removal of chromium (III)
(Cavaco et al. 2007). The removal of Cr with ion exchange
process is recommended by the United States Environmental

Protection Agency (U.S. EPA) and applied successfully by
various water utilities of US to produce drinking water
(Pakzadeh and Batista 2011). A novel process, namely, Ion
Exchange REcovery of CHROMmium(IERECHROM),
was developed by Petruzzelli et al. They used macroporous
carboxylic resin which removed Cr from tannery effluent
together with other trace metals such as aluminium and
iron. Experiments showed that more than 99% of Cr was
reduced (Petruzzelli et al. 1995). In another study, Cr con-
taining aqueous solution was treated with cation exchange
resin and more than 95% Cr uptake was achieved (Rengaraj
et al. 2001).

Membrane filtration

The word membrane originated from the Latin word mem-
brane which means a skin. It selectively passes the materi-
als. Membrane is used to separate single-celled organisms
like bacteria to atom. Abbe Nolet first discovered the ability
of the membrane to separate water from solutes in 1748 and
coined the word “osmosis” to describe the permeation of
water through a diaphragm. The first manmade membranes
were made by Fick in 1855 which were made from nitrocel-
lulose (Nath 2008; Tamime 2013). Membrane can be defined
as a discontinuous phase between two adjacent phases that
permits the exchange of matter, energy, and information
between the phases with selective or non-selective properties
(Drioli and Giorno 2016). Reverse osmosis (RO), nanofil-
tration (NF), ultrafiltration (UF), microfiltration (MF), and
electrodialysis (ED) are the main membrane separation pro-
cesses used for wastewater treatment. Here membrane acts
like a filter that permits water molecules to pass through
while retaining suspended solid and other substances. This
process can be pressure-driven or dependent on electrical
potential gradient, concentration gradient or other driving
forces (Tansel 2008). Some characteristics of membrane
separation processes are given in Table 3 (Hankins and
Singh 2016):

Table 3 Classification and characteristics of membrane processes used in water treatment

Process Nominal pore size Driving force Membrane type Average per-
meability (I/
m? h bar)

Microfiltration 0.05-10 pm 1-3 bar Porous, symmetric or asymmetric 500

Ultrafiltration 0.001-0.05 pm 2-5 bar Microporous, asymmetric 150

Nanofiltration <2.0 nm 5-15 bar Tight porous, asymmetric, thin-film composite 10-20

Reverse osmosis ~0.5 nm 15-75 bar Semiporous, asymmetric, thin-film composite 5-10

Electrodialysis MW <200 Da Electrical potential, ~ Swollen gel, charged, symmetric -

1-2 V/cell pair
Electrodeionization MW <200 Da Electrical potential Swollen gel, charged, symmetric -
Membrane degasification 500-1000 Vacuum Vacuum =
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Membrane-based wastewater treatment forms a promis-
ing avenue for the researchers for providing an effective and
sustainable solution of water crisis. It replaces the traditional
treatment processes like physical separation techniques,
chemical treatment, biological treatment, etc., by the use of
selective permeable barriers (Research*eu 2010). Moham-
mad and Sahu investigated Cr recovery from tannery efflu-
ent by RO fitted with UF unit. They found a positive impact
on Cr recovery (Mohammed and Sahu 2019). Tripathi and
Dwivedi studied on Cr recovery from tannery wastewater
using RO. The Cr recovery achieved was 98.66% by RO
treatment at pH range of 5.6—7, temperature about 25 °C,
and pressure of 150 psi (Tripathi and Dwivedi 2012). Inte-
grated membrane process, UF followed by NF, can produce
a retentate that can be reused in the chrome tanning. Leather
produced by this recovered solution has the same thermal
stability as of the leather from the conventional one (Cassano
et al. 2007). Membranes modified by plasma treatment have
greater flux and Cr recovery values than that of unmodified
membranes (Mickova 2015; Sardohan et al. 2010). Chaudry
et al. showed support liquid membrane (SLM) technique for
the removal of chromium from tannery effluent treated ear-
lier with mixture of H,O,and NaOH (Chaudry et al. 1998).
Faujasite zeolite-based RO membrane rejects more than 95%
Cr, and as hydrophilic, it maintains a high flux (Covarrubias
et al. 2008). A combined adsorption—permeation UF mem-
brane process can also remove Cr from aqueous solution
(Pagana et al. 2011). Emulsion liquid membrane (ELM) was
observed as a very effective process of removing Cr(VI) ions
successfully from various aqueous solutions (Saravanan and
Begum 2006). Sequencing batch membrane reactor(SBMR)
is another membrane technique for treating tannery waste-
water containing Cr. Yamamoto and Win studied SBMR for
Cr removal and found 95.4-97.7% removal (Yamamoto and
Win 1991). Details of reduction of hexavalent chromium,
Cr(VI), from synthetic wastewater by various membranes
are listed in Table 4 (Owlad et al. 2009).

Electrodialysis (ED)

Electrodialysis is an electrochemical process of membrane
technology that removes ionic contaminants from an aque-
ous solution. It was first commercially introduced in 1950 to
demineralize brackish water. ED has advanced rapidly due
to the advent of upgraded ion exchange membrane proper-
ties, improved materials of construction, and advances in
technology. In this process, ions are separated through an
ion exchange membrane with the help of applied electrical
potential between the anode and cathode (Bernardes et al.
2014; Valero et al. 2011). Electrodialysis reversal (EDR), an
improvement of ED, was first developed in 1974 by lonic
Int. In EDR process, fouled membranes are self-cleaned by
reversing the direction of the constant current. Here the cur-
rent is altered to dissolve the scale deposited on the mem-
brane which ensures prolonged ED operation (Tanaka 2007).
A schematic diagram of electrodialysis is shown in Fig. 5.
In the migration step, cations pass through the cation
exchange membranes whereas anions are retained by the
anion exchange membrane and vice versa. As a result, simi-
lar ions are concentrated in alternate compartments and
simultaneously other compartments become depleted. The
concentrated solution of ion is called concentrate, and the
depleted solution is referred to as product or dilute.
Electrodialysis could be an alternative solution to the con-
ventional tannery effluent treatment (primary and secondary)
due to its advantage of enabling the reuse of water and the
chemicals present in the effluent which reduce the demand
of processing water. In 1970, Mellon and colleagues first
introduced ED in the leather industry to remove electrolytes
from salted or pickled hides (Bernardes et al. 2014). Rao
et al. used ED for Cr uptake from tannery wastewater, and
the result showed an improvement in Cr uptake after elec-
trodialysis. Besides Cr, they also removed salts of residual
tanning baths (Rao et al. 1989). Hybrid electrocoagula-
tion—electrodialysis process (EC-ED) can remove 100% Cr
from tannery wastewater. Electrocoagulation (EC) acts as a
pre-treatment process which ensures clog-free membrane
during ED (Deghles and Kurt 2016). Another study utilized
liquid membrane in electrodialysis process for removal

Table 4 Removal of hexavalent
chromium by various
membranes

Membranes

Initial Cr(VI) con- Wastewater

centration (mg/l)

Removal system Rejection

rates (%)

Carbon membrane

Nitrated carbon membrane
Aminated carbon membrane
Polymer-enhanced ultra filtration
Composite polyamide membranes
Composite polyamide membranes
Polyacrylonitrile fibre

1000 Batch Synthetic 96
1000 Batch Synthetic 84
1000 Batch Synthetic 88
10 Continuous Synthetic 30
1000 Continuous Synthetic 99
1000 Continuous Synthetic 94
0.2 Continuous Synthetic 90
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Fig.5 Process of electrodialysis (Bernardes et al. 2014)

of Cr(VI) from aqueous solution and obtained about 90%
removal (Sadyrbaeva 2016). Sivakumar et al. compared the
results of Cr(VI) removal by electrodialysis process with
a combined process of electrodialysis and adsorption from
tannery wastewater where sugarcane bagasse powder was
used as an adsorbent. Better result was found, and about
82.5% Cr(VI) was removed, with the combined process than
the electrodialysis alone (Sivakumar et al. 2014).

Bioremediation

Bioremediation consists of two parts: “bios” means life and
“remediate” means to solve the problems. So bioremediation
means to solve the environmental problems by biological
organisms. It is a branch of biotechnology which deals with
the use of living organisms such as microbes and bacteria to
remove contaminants, pollutants, and toxins from soil and
water into less toxic forms. Microorganisms, mainly bacte-
ria, can destroy hazardous pollutants or transform them into
less harmful forms. These organisms use those contaminants
as their sources of food and energy for their growth and
reproduction. Contaminants provide a carbon source for new
cells production and electrons for energy to the organisms.
Effective bioremediation needs a combination of the right
nutrients, temperature, and food; if not, it may take much

longer for the clean-up of contaminants. Though microor-
ganisms have been utilized for the treatment and transforma-
tion of waste products for at least a century, bioremediation
is considered as a new ecologically sound technology for the
decontamination of polluted environment. Bioremediation
can either be done in situ, at the site of the contamination
itself, or ex situ. Pollutants are removed from the original
site (Goltapeh et al. 2013; Chen 2018; Rittmann et al. 1993).
Breakdown of contaminants by organisms is shown in Fig. 6.

The bioremediation process to treat hazardous waste
has gained considerable interest as it is effective in reduc-
ing the concentration of the heavy metal ions to very low
levels, ecologically sound and economical relative to other
technologies, and it has been used successfully in many
countries (Jahan et al. 2015). Islam worked on Bacillus
megaterium and Pseudomonas aeruginosa microorgan-
isms for the uptaking of Cr from the coal mine effluent
and found more than 90% Cr uptake for both microorgan-
isms (Islam 2016). Among various methods of Cr removal,
bioremediation could be considered as one of the sustain-
able solution for controlling Cr pollution. Bacteria such as
Pseudomonas spp., Bacillus spp. Acinetobacter spp., Bur-
kholderia spp., fungi like Paecilomyces spp., Aspergillus
spp., Penicillium spp., Rhizopus spp., Yeast Candida spp.,
Saccharomyces spp., and algae are used as microorganisms
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Fig.6 Breakdown of contaminants by organisms (Rittmann et al. 1993)

in different studies for Cr removal (Bhattacharya et al.
2019). When hexavalent chromium is bio-remediated at
a neutral pH range generates small quantity of chemical
sludge. During bioremediation, Cr(VI) is highly soluble
in bacteria and is transported via the sulphate pathway
across the cell membrane, finally reduced in the cytoplasm
to Cr(III). This Cr(III) interacts with protein and nucleic
acids and cannot pass through the cell membrane (Saran-
raj and Sujitha 2013). Mythili and Karthikeyan evalu-
ated the biosorption of Chromium by Bacillus spp. and
Staphylococcus spp. microorganism from tannery waste-
water whose initial concentration was 100 mg/l. Under
the optimum conditions, the highest chromium uptake was
94.5 mg/Lat pH 7 and 92.9 mg/1 at temperature 37 °C for
Bacillusspp and for Staphylococcus spp., it was 72.3 mg/1
at pH 8.0 and 72.6 mg/1 at temperature 37 °C (Mythili and
Karthikeyan 2011). Cr(VI) removal by trickling filter is
a new biological approach of Cr reduction. Dermouet al.
studied three different modes of trickling filter operations
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Organic Contaminant

(batch, continuous, and SBR with recirculation) using
indigenous bacteria (Acinetobacter sp.) as inoculum for
the filter. The results concluded high removal rates of
Cr(V]) from industrial wastewater (Dermou et al. 2005).

Algae such as Spirullina sp., Chlorella sp., Scenedes-
mus sp., and Scenedesmus sp. are known for their ability
to remove metals due to the presence of polysaccharides
in their cells which make easy adsorption of heavy met-
als. Fungi have the ability to trap and absorb the material
through their hyphae and aid in the metabolism (Christo-
pher et al. 2016). Srivastava and Takur investigated the
biosorption of Cr from tannery effluent using Aspergil-
lus sp. fungi, and 85% of chromium was removed at pH
6 in a bioreactor system (Srivastava and Thakur 2006).
Park et al. proposed a new mechanism of Cr(VI) removal
by the dead fungal biomass of Aspergillus niger from the
synthetic wastewater. The mechanism of Cr(VI) was the
redox reaction between Cr(VI) and the dead fungal bio-
mass (Park et al. 2005).
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Phytoremediation

Another class of bioremediation process is phytoremedia-
tion which utilizes the plants and its physical characteristics
for remediation of contaminants. The term “phytoremedia-
tion” is copied from the Greek word Phyto (means plant)
and Latin word Remedium (to remove an evil). This process
consists of several mechanisms such as phytostabilization,
phytoextraction, phytovolatilization, phytodegradation, and
phytostimulation, etc. It is a cost-effective solution which
uses plants and associated soil microbes to reduce contami-
nants in the environment (Das and Osborne 2018; Greipsson
2011). Phytoremediation is a bioremediation process that
uses various types of plants to remove, transfer, stabilize,
and/or destroy contaminants in the soil and groundwater
(Willey 2007; TechTree 2019).

Phytostabilization Contaminants are stabilized in the
roots or within the rhizosphere, and therefore, they retained
in the soil.

Phytoextraction Plants absorb contaminants and store in
above-ground shoots and the harvestable biomass.

Phytodegradation It involves the degradation of organic
contaminants using the enzymes released from roots or
through metabolic activities within plant tissues.

Phytovolatilization In this process, contaminants are
uptaken by the plant roots and converted to gaseous state
and finally released into the atmosphere.

Phytostimulation Plant roots stimulate soil microbial
communities to break down the contaminants.

Bioadsorbents like Jasminum (Santiago and Santhamani
2010), Eichhorniacraassipes (Chakrabarty et al. 2017),
Cyprus alterifolius, Typha domingensis, Parawaldeckia,
Borassusaethiopum (Tadesse and Seyoum 2015), Typha
spp. (Dotro et al. 2009), Polygonum coccineum, Brachiara-
mutica, Cyprus papyrus (Kassaye et al. 2017), Hyptissua-
veolens (Sivakumar et al. 2016), Chrysopogonzizanioides,
Cyperusrotundus, (Bekele 2018) and Trichoderma (Vankar
and Bajpai 2008) have potential to remove Cr from tannery
soil and wastewater.

Removal of Cr from tannery wastewater
of Bangladesh by waste tea leaves: a case
study

Preceding sections of the chapter present an overview
of total chromium (Cr) removal techniques for wastewa-
ters generated from different industrial activities involv-
ing heavy metals like chromium. These sections also
provide overall technical and chemical information of
methods such as adsorption, electrocoagulation, chemi-
cal precipitation, membrane separation, ion exchange, and

electrodialysis that have been adopted for the removal of
chromium from tannery wastewater. In addition, these
divisions present observations and results of different
studies carried on chromium removal as well as suggest
about the potentiality of some low-cost agriculture wastes
such as rice husk, waste tea leaves, neem leaves, coconut
coir, banana peel, and sawdust to remove Cr from tan-
nery wastewater. Though leather sector of Bangladesh is
contributing to the country’s economy remarkably, tan-
ning activities of Tanneries are conversely posing great
threats to the total environment and human health; there-
fore, extensive research has been going on the low-cost
removal technique of Chromium (Cr).

The following part discusses in depth Cr removal from
tannery wastewater of Bangladesh which was studied by
Nur-E-Alam et al. (2018) using low-cost spent tea leaves
as a case study for providing information in the context of
Bangladesh within the limited frame of works. They dealt
with the removal of Cr using spent tea leaves as an adsor-
bent from tannery wastewater of the Hazaribagh Tanning
Area of Dhaka City—the capital of Bangladesh, where
most of country’s tanneries were located and carried out
from November 2016 to January 2017.

Background and state of the problem

Tanneries of Bangladesh are considered as the most pol-
luting industries. In Bangladesh, leather industries are well
established and leather sector is ranked fourth in terms of
earning foreign exchange. The first tannery of Bangladesh
was established at Narayanganj by R.P. Shaha in 1940.
Later on, it was shifted to Hazaribagh area in Dhaka city.
In 1965, there were only 30 tanneries in the then East Paki-
stan now Bangladesh (Mamun et al. 2016). Though both
chrome and vegetable tanning are extensively used all over
the world, most of the tanneries of Bangladesh produce
chrome-tanned leather and thus discharge a huge quantity
of chromium with the untreated effluents to the nearby
water bodies which degrade the environment seriously and
increase the human health risks (Nur-E-Alam et al. 2018).
These tannery wastewaters also contain some other heavy
metals such as Fe, Na, Zn, Cr, Pb, and Ca (Thakur and
Parmar 2013). Realizing the hazardous impact of tannery
wastes on human and environment, the Government of
Bangladesh has taken a project under Bangladesh Small
and Cottage Industries Corporation (BSCIC) to shift tan-
neries from Hazaribagh Tannery Complex to Savar Tan-
nery Estate. At present, 115 tanneries out of 155 indus-
tries have started their operations at Savar Tannery Estate.
All wastewaters coming out from these tanneries are now
treated in the common effluent treatment plant (CEPT).
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Source of waste tea leaves

Bangladesh is one of the largest tea manufacturer in
the world. Presently, the country has 172 commercial
tea estates, including many of the world’s largest work-
ing plantations. The industry accounts for 3% of global
tea production and employs more than 4 million people
(Nasir and Shamsuddoha 2011). Being formerly a major
tea exporter, Bangladesh is now a net importer of tea. The
tea consumption per year from 2010 to 2014 was 57.63,
58.50, 61.19, 64.00 and 67.17 M kg, respectively (Board
2018), and is growing day by day. The growth of tea pro-
duction is now 1% per year, whereas the consumption of
tea is increasing at 3.5% per year (Khan et al. 2012). The
annual per capita consumption of tea in Bangladesh was
0.390 kg in 2013 (Helgilibrary 2013). Once the tea has
been brewed, the spent tea leaves become a waste that
must be disposed of which creates disposal problems. A
conventional disposal scenery of tea waste of Bangladesh
is shown in Fig. 7. After water, tea is the most widely
consumed beverage in the world (Nandal et al. 2014).
These tea wastes can be used for wastewater treatment as
adsorbent.

Adsorption as a Cr removal technique

Adsorption is the process of adhering molecules from
fluid phase to the surface of a solid. It has advantages
over other methods of Cr removal from wastewaters. It
is simple in design, produces zero sludge, and requires
less initial costs as well as small investment for land (Liu
et al. 2009). The adsorption abilities of a number of low-
cost adsorbents such as cheap zeolites, clay, coal fly ash,
sewage sludge, agriculture waste, and biomass have been
studied by many researchers for the removal of heavy met-
als from wastewater.

Fig. 7 Traditional disposal of tea waste (Authors)
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Waste tea leaves as adsorbent

Tea is one of the most popular beverages, and about 3.5
million tons of tea is consumed annually in the world. Tea
has become an essential drink in our life. Since tea leaves
waste is cheap and abundantly available, its proper utiliza-
tion as adsorbent could bring a potential approach towards
wastewater treatment (Boonamnuayvitaya et al. 2004; Wan
et al. 2014). Very few studies have investigated waste tea
leaves as an adsorbent for the treatment of tannery effluent.
Recently, a great number of studies have been devoted to
the treatment of wastewater by using adsorption techniques
with various low-cost materials. As a result, waste tea leaves
is also gaining grounds as an adsorbent due to its potential
for the treatment of wastewater. Insoluble cell walls of tea
leaves are substantially made up of cellulose and hemicel-
luloses, lignin, condensed tannins and structural proteins.
For removal of the organic contaminants from industrial
wastewater, adsorption has become one of the best effec-
tive and inexpensive methods; thus, this process has aroused
considerable interest during recent years (Wang et al. 2006).
Kulkarni and Goswami found 90-95% removal of organic
matters by using bagasse flyash (Kulkarni and Goswami
2013). According to Mukundan and Ratnoji, activated car-
bon from rice husk can remove 92.37% COD of sewage
(Mukundan and Ratnoji 2015). Low-cost adsorbents of dif-
ferent origins like industrial waste materials, corn stalks,
peat, rice husk, saw dust, bagasse fly ash, peels of vari-
ous fruits, and jute-processing wastes can also be used for
removal of organic matter from wastewater. Avocado peel
carbons can also remove about 98.20% COD and 99.18%
BOD from coffee processing wastewaters (Devi et al. 2008).

The cooked tea waste, which is discarded as waste mate-
rial from residence, teashops, and restaurant proved to be an
effective adsorbent for the removal of Cr(VI) from indus-
trial wastewater (Bhavsar and Patel 2014). Nowadays, tea
waste is receiving much attention of researchers also for its
good biosorption ability in removing heavy metals like Iron
(II), Cr(VI), Pb, and Ni. Researchers are now focused on
the development of a suitable technology either to prevent
heavy metal pollution or to reduce it to a low level. Preven-
tion of entrance of heavy metal into the nearby water bodies
can possibly be done only by reducing their direct discharge
into the water stream. The most widely used conventional
methods for removing heavy metals have many disadvan-
tages such as requirement of high capital and operational
cost, unsuitability for small-scale industries and inadequate
efficiency. Tea waste is a good option as it is a low-cost
adsorbent for the removal of heavy metals from wastewa-
ters. Many studies show almost cent per cent efficiency of
tea waste for removing heavy metals (Nandal et al. 2014).
According to Amarasinghe and Williams, more than 90% of
Pb and Cu were removed using tea waste from wastewater
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(Amarasinghe and Williams 2007). Waste mud of copper
mine can also be used as adsorbent for the removal of Pb(II)
ions from aqueous solutions (Ozdes et al. 2009). Neem
leaves can remove chromium (VI) from wastewater as well
(Gopalakrishnan et al. 2013). As tea leaves consist of some
functional groups related with cellulose, hemicelluloses,
lignin, condensed tannins, and structural proteins, these
functional groups are greatly responsible for good metal
uptake (Nandal et al. 2014; Wang et al. 2006; Aikpokpodion
et al. 2010) which were confirmed by FTIR analysis (Fig. 8).

Materials and methods
Sample collection

Tannery effluents were collected from a tannery outlet as
well as from a drain near the Institute of Leather Engineer-
ing and Technology (ILET) under the University of Dhaka
located at Hazaribagh Area of Dhaka City Corporation in
November 2016. Pre-washed plastic bottles were used for
collecting 3(three) samples—one samples from a drain near
ILET main gate (Sample 1) and second sample from a tan-
nery outlet (Sample 2), and the other from a drain situated
behind ILET (Sample 3). Tea waste is a cheap material that
is easily available in Bangladesh from various sources such
as tea stalls, restaurants, public and private offices, tea facto-
ries, community centres and so on. Adsorbent sample (waste
tea leaves) was collected from some local tea stalls near
Leather Research Institute (LRI) under Bangladesh Coun-
cil of Scientific and Industrial Research (BCSIR) located
at Savar of Dhaka Division of Bangladesh. Therefore, its
utilization in water and wastewater treatment particularly in
tannery effluent would be convenient.
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Preparing spent tea leaves as adsorbent

The teashops, restaurants, hotels, and offices which were
usually discarded as waste in the surrounding sides. Soluble
and coloured components of the tea wastes, collected from
tea stalls near LRI under BCSIR, were removed by washing
with boiling water. Washing of waste tea leaves carried out
until the wash water became virtually colourless. The tea
leaves were then washed with distilled water and oven dried
for 12 h at 105 °C. Washed tea leaves, thus fully prepared as
adsorbent, are shown in Fig. 9b.

Scanning electron microscope (SEM) analysis

The SEM image of spent tea leaves is shown in Fig. 10. The
surface of waste tea leaves was found smooth, uneven and
with uniformly wide microporous structures. Usually, the
rough surface and widely distributed pores can offer greater
surface area and more binding sites for adsorbing metals
(Wan et al. 2014).

Chromium adsorption

The experiment was performed as a batch process in a
series of beakers equipped with stirrers to stir the tannery
effluent with adsorbent. The batch process was selected for
its simplicity (Bhavsar and Patel 2014). At the end of pre-
determined time, the suspension was filtered and the remain-
ing concentration of the metal ions in the aqueous phase
was measured by Atomic Absorption Spectrophotometer
(AAS). A known volume of sample effluent (250 ml) was
conducted with varying adsorbent dose (03-20 g/1), contact
time (30-80 min), and pH (4-10) at room temperature. The
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Fig. 10 SEM analysis of waste tea leaves

Table 5 Characteristics of tannery wastewater sample (Nur-E-Alam
et al. 2018)

Parameter Sample S1 Sample S2 Sample S3
pH 6.5 8.2 6.2

BOD (mg/l) 1700 12,600 2100
COD (mg/l) 2490 21,060 3200

Cr (mg/l) 10.35 616.770 15.40

adsorptive solution consists of washed tea leaves as well as
NaOH and HCI solution. Characteristics (pH, BOD, COD,
and Cr concentrations) of tannery wastewaters of various
locations are shown in Table 5.

Effect of adsorbent dose
Adsorbent—adsorbate solutions of varying adsorbents

were prepared for studying the effect of adsorbent dose
for 60 min shown in Fig. 11. For all the samples, the
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Fig. 11 Effect of adsorbent dose on Cr removal (Nur-E-Alam et al.
2018)

percentage of Cr removal was increased with the adsorbent
dose up to 14 g/l which were about 91.79, 78.60 and 85.71
for Samples S1, S2, and S3, respectively. It is evident that
the percentage removals of metals increase rapidly with an
increase in the adsorbents dose owing to the greater avail-
ability of the exchangeable sites or surface area (Thakur
and Parmar 2013

Effect of contact time

Here adsorbent dose of 14 g/l (optimum dose) was taken
fixed for different time periods (30-180 min) and shak-
ing the solution. The best percentages of Cr removals
were attained at times of 60, 150, and 60 min for Sample
S1, Sample S2, and Sample S3 which were about 91.79,
85.4, and 88.64%, respectively, as shown in Fig. 12. It
is assumed from the above figure that the contact time
needed to reach equilibrium is dependent on the initial
concentrations of the solution contents. The percentage of
removal increases with time until equilibrium is attained
for the samples of the same concentration.
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Effect of pH

The adsorption process was conducted at a constant adsor-
bent dose of 14 g/l and for different agitation periods of 60,
150, and 60 min for Sample S1, Sample S2, and Sample S3,
respectively, shown in Fig. 13. The highest percentages of Cr
reductions were obtained at pH 10 for all the samples which
were about 95.42, 83.57, and 88.38%, respectively. As pH
increases, the percentage of Cr removal increases because
of the de-protonation of binding sites which makes different
functional groups available for metal binding and vice versa
(Dhabab 2011).

Adsorption isotherms

Adsorption isotherm is an equilibrium plot of the solid-
phase (qe) versus liquid-phase concentration (Ce) at fixed
temperature. Freundlich and Langmuir’s isotherms are the
simplest known relationships which describing the adsorp-
tion equation.

Freundlich adsorption isotherm From the Freundlich iso-
therm model as shown in Fig. 14, constants obtained are

2.00
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o R?=0.9359
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Fig. 14 Freundlich isotherm of spent tea waste
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Fig. 15 Langmuir adsorption isotherm of spent tea waste

adsorption capacity, K; is —1.01 and adsorption intensity,
1/n is 0.99. The regression coefficient is 0.935.

Langmuir adsorption isotherm The Langmuir equation
was used to describe the data derived from the adsorption
of Cr from the wastewater shown in Fig. 15. The constants
obtained are: Langmuir constant K; is 0.002 and maxi-
mum adsorption capacity is 10.64. The regression coef-
ficient is 0.915.

Therefore, both Langmuir and Freundlich adsorption
isotherms can be used for justification of Cr adsorption
using spent tea leaves.

SEM analysis

Scanning electron microscope (SEM) images of spent tea
leaves before and after treatment of tannery wastewaters
are shown in Fig. 16. SEM image is used to observe the
surface morphologies. Pores, gaps, slits, or channels can
be seen as well as useful information regarding pore struc-
tures can be obtained by SEM image (Gundogdu et al.
2013). The surface of the waste tea leaves was found
smooth having a uniform microporous structure before
treatment of tannery wastewater samples (Fig. 16a). After
treatment, the surface of the tea waste adsorbent becomes
saturated due to the adsorption as shown in Fig. 16b.
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(a)

(b)

Fig. 16 a SEM images of waste tea leaves before treatment, b SEM images of waste tea leaves after treatment

Conclusion

Chromium (Cr) as a heavy metal is very detrimental to
human health, animals, and the environments when its
concentration level goes beyond the standard permissible
level. Industrial activities particularly the leather tanning
processes contribute a substantial amount of Cr to the tan-
nery wastewater. If this Cr-rich effluent is not treated prop-
erly, then it finally mixes with the neighbouring water bodies
and pollutes the water. But this pollution does not remain
in water only but spreads to other abiotic components of
environment such as soil, groundwater, and even to biotic
components like plants and animals. As a result, the ecologi-
cal balance of the environment will be affected seriously.
There are a number of methods of treating chromium from
tannery wastewater. Some of these methods result in more
than 90% chromium removal from the tannery wastewaters.
Typically, these sorts of technologies are expensive, sophis-
ticated, and energy-intensive and need skilled personnel as
well to operate. However, process like adsorption is very
economical, simple, effective, and versatile. Numerous low-
cost agriculture wastes such waste tea leaves, sugar bagasse,
coconut coir, banana peel, rice husk, sawdust, eggshell, etc.,
have potential as adsorbents and possess required adsorption
properties for removal of Cr from wastewaters particularly
from tannery effluent.
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