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ABSTRACT

Inexpensive and eco-friendly biosorbent crab shell chitosan has been successfully used for
the treatment of textile mill effluent. The present study investigated the application of low
molecular weight (20 kDa) crab shell chitosan in the treatment of textile industry effluent in
a most efficient and economical way. A series of batch experiments were conducted by
varying solution pH, agitation time, chitosan dosage, and agitation speed. The parameters
considered for the study are chemical oxygen demand (COD), total suspended solids (TSS),
total dissolved solids (TDS), and turbidity. The observed experimental result showed that
low molecular weight crab shell chitosan could able to reduce significantly the COD, TSS,
TDS, and turbidity from textile mill effluent. The optimum conditions were obtained at
150 mg/L of chitosan dosage, pH 4, 4 h of mixing time, and a mixing speed of 75 RPM.
The results show that low molecular weight crab shell chitosan can be used for the effective
treatment of textile mill effluent.
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1. Introduction

Increasing public awareness and stringent environ-
mental regulations has led to a new search for envi-
ronmental friendly and inexpensive methods to treat
industrial effluent. Textile industry is one of the
rapidly growing industries, and it has a high impor-
tance in terms of its environmental impact, since it

*Corresponding author.

consumes considerably high amounts of freshwater
and discharges almost same quantity of wastewater.
The treatment of textile industry wastewater by eco-
nomical means is a real challenge to researchers and
scientists. The contaminants present in the textile
industry wastewater are organics, color, toxic
materials, salt, chlorine compounds, and inhibitor
compounds [1]. Commonly employed techniques for
the removal of dye from wastewater are adsorption,
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Table 1
Typical composition of textile mill wastewater

Range of values

pH 79
Biochemical oxygen demand (mg/L) 80-6,000
Chemical oxygen demand (mg/L) 150-12,000
Total suspended solids (mg/L) 15-8,000

Total dissolved solids (mg/L)
Chloride (mg/L)

Total Kjeldahl nitrogen (mg/L)
Color (Pt-Co)

2,900 —=3,100
1,000-1,600
70-80
50-2,500

coagulation, flocculation, electrochemical process, etc.
[2,3]. Traditional wastewater technology includes
physical, chemical, and biological treatment methods
etc. It has been reported that conventional biological
treatment processes are not suitable due to low degra-
dation rate of the dye chemicals. The disadvantage of
chemical method is the accumulation of large quantity
of sludge that could create disposal problem [4,5] and
also require large amount of electrical energy which
further possess environmental problem [6-8]. Among
these methods, adsorption technique is superior due
to simplicity in operation and easy handling. A variety
of adsorbents [9-12] have been employed for the
treatment of textile wastewater. The typical composi-
tion of textile industry wastewater is shown in Table 1
[13-25].

The possibility of using low-cost materials such as
guava seed [26], bituminous coal [27], olive waste [28],
waste biomass [29,30] in the treatment of textile indus-
try wastewater has been studied.

The objective of the present study was to explore
the feasibility of using low molecular weight crab shell
chitosan in the treatment of textile industry effluent.
The attractive features of crab shell chitosan are biode-
gradability, biocompatibility, antibacterial, nontoxic
and can be used as coagulant, flocculent for the
removal of organics, pathogens, suspended solids, and
turbidity [31-34]. Our recent study shows the impor-
tance of chitosan in the treatment of wastewater from
various industries [35-39]. The main advantage for the
use of chitosan as an adsorbent in wastewater treat-
ment is due to its local availability, environmental
friendly nature, and cost-effectiveness. No major stud-
ies have been carried out for the treatment of textile
industry wastewater using low molecular weight crab
shell chitosan.

The research was carried out during March 2013,
and the effluent was collected from a leading textile
industry in the sultanate of Oman.
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2. Materials and methods

Crab shell chitosan powder of low molecular
weight (20 kDa) with 80% degree of deacetylation was
purchased from Sigma-Aldrich, Bangalore, India. 1 M
HCI/1 M NaOH solutions prepared in pure distilled
water of high purity were used for pH adjustment.
The chemical structure of low molecular weight crab
shell chitosan is shown in Fig. 1.

Chitosan is a linear B-1, 4-linked polysaccharide,
obtained by the partial deacetylation of chitin. The
functional properties of chitosan were explained else-
where [40-44].

The investigations were carried out with the textile
mill effluent before and after treatment. The wastewa-
ter samples were allowed to settle before characteriza-
tion. The samples were preserved at 4°C in order to
avoid any bacterial contamination. To ensure the accu-
racy, reliability, and reproducibility of the collected
data, all batch experiments were carried out in
triplicate and the mean values of three data sets are
presented.

The parameters considered in the study are COD,
TDS, TSS, and turbidity. COD measurements were
performed by calorimetric method using spectropho-
tometer (AQ 400, Thermo Scientific Orion and Thermo
Reactor Orion COD 125), surface morphology study
by scanning electron microscope (JSM-840A), and tur-
bidity by turbidity meter (WTW Turb 550). Surface
characterization of the chitosan powder was per-
formed using scanning electron microscope (SEM) to
visualize the quality and morphology of the adsorbent
before and after treatment.

All batch experiments were conducted at room
temperature (25+2°C) by mixing required amount of
chitosan powder with 500 mL of textile mill effluent
and kept under stirring. Samples were collected at
fixed time intervals and allowed to settle before char-
acterization. To maximize the pollution removal
efficiency, batch experiments were conducted at ambi-
ent temperature using optimum conditions of all perti-
nent parameters. For COD measurement, the sample
was reacted with an acidic solution of potassium

OH OH OH
HO HO HO OH
NH, NH, NH,

n

Fig. 1. Chemical structure of low molecular weight crab
shell chitosan.
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dichromate in the presence of a catalyst (silver) and
digested for 2 h at a temperature of 150°C.

The percentage removal efficiency was calculated
by Eq. 1

Co—C

c x 100 ¢))

% removal efficiency =

where Cy and C; are the initial and final concentra-
tions in mg/L, respectively.

COD, TSS, TDS, and turbidity of the samples
before and after treatment were analyzed according to
standard methods [45].

3. Results and discussion
3.1. Effect of pH

The effect in variation of solution pH was studied
by altering the effluent solution pH from 3 to 10. The
experimental results are shown in Fig. 2. It has been
observed that the dye adsorption efficiency decreased
with increase in solution pH. The main interaction
between chitosan and dye molecule are electrostatic in
nature. At low pH, the surface charge of chitosan
becomes full, which leads to strong electrostatic attrac-
tion between the adsorbent surface and anionic dye
molecule that results in increased adsorption rate.

The optimum pH for the effective removal of COD
was found to be 4, and above which, the COD
removal is not attractive. This decrease in efficiency is
due to the weak interaction between the amino groups

80
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% Reduction in parameters

Fig. 2. Effect of pH on the percentage reduction of
parameters. Conditions: adsorbent dose: 150 mg/L,
volume of sample: 500 mL, temp: 25°C, initial adsorbate
conc: 10 mg/L, time of contact: 4 h.
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present in chitosan surface and oppositely charged
ions present in the wastewater. At higher pH, the sur-
face charge of chitosan will disappear and become
deprotonated. In acidic conditions, chitosan would
behave like a polyelectrolyte. The protonation of
amino groups in chitosan leads to positive charge and
hence, the electrostatic interaction will be strong.
Chitosan is a very attractive polymer by allowing the
molecules to bind negatively charged particles via
ionic or hydrogen bonding or electrostatic interaction.
This will further reduce or neutralize the particles sur-
face charge. So pH has a major role in the parameter
reductions. It is observed that maximum percentage
reduction was reached at pH 4. Chitosan recorded the
highest percentage reduction in COD (71%) at pH 4,
and beyond this pH, it showed a decreasing trend in
the removal efficiencies, as illustrated in Fig. 2. This
could be due to the surface charge reversal as well as
destabilization of polymer bridging.

The active sites on the surface of chitosan are posi-
tively charged at acidic pH and will adsorb oppositely
charged ions present in the effluent. At basic pH, there
are no exchangeable ions on the surface of chitosan,
which causes repulsion between the molecules and
hence less adsorption rate. Fifty percent turbidity
reduction was observed at pH 4. The destabilization
of particles becomes less important due to less posi-
tive surface charge of chitosan at low pH. The maxi-
mum percentage reduction in TSS was obtained at pH
6, whereas the maximum percentage reduction in TDS
occurred at pH 4.

3.2. Effect of stirring time

Mixing time plays an important role in the param-
eter reductions. An optimum contact time to achieve
effective removal of pollutants was investigated. It
was found that the removal efficiency increased with
increase in contact time up to 4 h. Further increase in
stirring time results decrease in efficiency. Typically,
78% of the COD reduction was achieved in the first
4 h followed by a decrease in efficiency with an initial
concentration of 150 mg/L and an adsorbent dosage
of 10 mg/L.

The adsorption phenomena started immediately
after the addition of chitosan. It was observed that a
contact time of 4 h could give maximum percentage
reduction in COD and TDS, whereas the maximum
percentage reduction in TSS and turbidity was
attained at 8 h. At low mixing time, the collision
between the particles and chitosan surface are low,
which results in low adsorption rate. The results are
shown in Fig. 3. The percentage reduction in TSS was
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Fig. 3. Effect of stirring time. Conditions: adsorbent dose:
150 mg/L, volume of sample: 500 mL, temp: 25°C, initial
adsorbate conc: 10 mg/L, pH = 4.

least at 2 h. A significant improvement in residual
water turbidity was observed with increased mixing
times. For further optimization of other parameters,
this contact time was considered as the optimum time.

3.3. Effect of dosage of chitosan

The effect of dosage of chitosan was studied by
varying the amounts of adsorbent from 50 to 300 mg/L,
while keeping other parameters (pH 4, agitation speed
50 RPM, and mixing time 4 h) constant. The results are
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Fig. 4. Effect of dosage of adsorbent on the removal of
parameters. Temp: 25°C, volume of sample: 500 mL, absor-
bent dose: 150 g/L, contact time: 4 h, pH: 4.

1461

presented in Fig. 4, which showed the effect of dosage
of chitosan on various parameter reductions. The per-
centage reduction in COD increased with increase in
chitosan dosage up to 150 mg/L, and above which,
there was no significant change in COD reduction. This
phenomenon could be explained based on the charge
density. This is expected to be the higher dosage of
adsorbent will increase the surface area and greater will
be the availability of exchangeable sites for the ions.
Referring to the Fig. 4, the maximum reduction in COD
was 80% at a dosage of 150 mg, but the maximum per-
centage reduction in TSS was reached at 50 mg chitosan
dosage. This may be due to the fact that overdosage of
chitosan will lower the percent reduction in TSS.
Higher amount of chitosan was required to achieve the
best result, since chitosan has a high charge density and
adsorption increased as the charge density of the poly-
mer increased. This may be due to the fact that overdos-
ing produces restabilized particles, due to unavailable
site for the formation of bridges, resulting in steric
repulsion. The excess dosage has the possibility to get a
charge reversal, which led to particle restabilization.
For the optimum adsorbent dosage of 150 mg, chitosan
recorded the highest reduction in parameters, which
were 80% both in COD and turbidity reduction, respec-
tively. The percentage reduction in TSS shows a
decreasing trend.

3.4. Effect of stirring speed

The effect of stirring speed was studied by varying
the speed between 25 to 150 RPM at constant
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Fig. 5. Effect of speed Temp: 25°C, absorbent size: mixed,
volume of sample: 500 mL, absorbent dose: 150 g/L,
contact time: 4 h, pH: 4.
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Fig. 6. SEM of chitosan before treatment at a magnification
1201X.

concentration and stirring time of 4 h. It was observed
that when the mixing speed was increased to more
than 75 RPM, the percentage reduction was lowered.
This is due to the breakdown of particles and dis-
persed again in the sample.

For an RPM of 75, the adsorption was reached at
its maximum. This may be due the attractive force
between chitosan and ions present in the solution.
When speed is increased to 150 RPM, the percentage
reductions in parameters were low. That is at higher
RPM, the percentage reduction in COD was not satis-
factory due to breakdown of the expanding chains
and flocs. The results indicate that there is a decrease
in the extent of adsorption with increase in speed of
agitation. The results are shown in Fig. 5.

Fig. 6(a) and (b) shows the surface morphology of
the adsorbent before and after treatment. It is seen that

-0.4

R?=0.98

InCIC,

10 15
Time, hr

20 25

Fig. 7. Adsorption kinetics.
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(b)

of 1201X (a) and after (b) treatment at a magnification of

the SEM image of chitosan powder before treatment
showed clear, scattered, and evenly distributed mor-
phology, whereas after treatment image showed clus-
tered and thick structure (Fig.6(b)), which indicates
most of the contaminants present in the effluent are
adsorbed onto chitosan powder. This shows the effec-
tive removal of pollutants from the effluent.

3.5. Adsorption isotherm and kinetics studies

Adsorption kinetics was studied using chitosan,
and the results are presented in Fig. 7, which showed
a linear trend with R” value greater than 0.98. Based
on the data from adsorption experiments, Langmuir
isotherm was obtained for the treated effluent as
shown in Fig. 8, which suggests that adsorption
capacity of chitosan is significant.

2.0 |
A
1.6 | ,
A R’=0.99
e 12}
X A
© o8}
04|
LA
0_0 1 N 1 N 1 N 1 N 1 N 1 N 1
0 50 100 150 200 250 300

Equilibrium concentration, C_ (mg/L)

Fig. 8. Langmuir Isotherm.
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4. Conclusion

The experimental investigation on the possible use
of low molecular weight crab shell chitosan in the
treatment of textile mill effluent revealed that the pol-
lutants present in the textile mill effluent are success-
fully removed in an efficient and environmental
friendly manner. It was observed that the removal effi-
ciency of adsorbent was optimum at a pH of 4. Also,
chitosan can be employed as a very good adsorbent
due to its ability in treating the textile industry efflu-
ent in a most economical way and found minimal
adsorbent dosage requirement in treatment processes.
Chitosan is a cheap and environmental friendly bio-
polymer derived from crab shell. Further, current
study may also be helpful to adopt the crab shell
chitosan as an adsorbent in continuous processes;
however, there is a need to do column studies to
prove this aspect. Currently, we are investigating the
performance of chitosan in column studies for the
regeneration of adsorbent.
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