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Abstract Heavy metals have always been the most haz-

ardous components in the wastewater of industries like

electroplating, automobiles, mining facilities and fertilizer

manufacturers. Treatment of heavy metal laden wastewater

requires expensive operational and maintenance systems.

Food processing industries create a huge amount of shell

waste which is sold to poultry farms in powdered form but

the quantity thus used is still not comparable to the left

over waste. The shell contains chitin which acts as an

adsorbent for the heavy metals and can be used to treat

heavy metal wastewater. The paper presents a study on the

use of chitin and its processed product, chitosan, to remove

chromium. Shake flask experiment was conducted to

compare the adsorptive capacity of chitin and chitosan for

chromium removal from simulated solution and isotherm

studies were carried out. The studies showed that the

chitosan was a better adsorbent than chitin. Both chitin and

chitosan gave best adsorption results at pH 3. Chitin

exhibited maximum chromium removal of 49.98 % in

20 min, whereas chitosan showed 50 % removal efficiency

at a contact time of 20 min showing higher adsorptive

capacity for chromium than chitin. The Langmiur and

Freundlich isotherm studies showed very good adsorption

capacity and monolayer interaction according to the

regression coefficient 0.973 for chitosan and 0.915 for

chitin. The regression coefficient for Freundlich isotherm

was 0.894 and 0.831 for chitosan and chitin, respectively.

Keywords Wastewater � Adsorption � Chromium � Chitin �
Chitosan

Introduction

Heavy metals are essential for various biochemical pro-

cesses but beyond a level they are known to be detrimental

to life forms owing to their toxicity, persistent nature and

tendency to bioaccumulate (Igwe and Abia 2006). Chro-

mium is one such heavy metal used in electroplating,

mining, automobiles, etc., making the effluent generated in

these industries extremely harmful if not treated and dis-

posed properly. Though required in trace amounts for

biological functions, excess chromium is reported to cause

health-related problems like rashes, ulcers, respiratory

disorders, alteration in genetic material, cancer (Banerjee

et al. 2010) and weakening of immune system (Shrivastava

et al. 2002). In aqueous solution Chromium exists in two

oxidation states, Cr3? and Cr6? (Mukherjee et al. 2013).

Out of the two states Cr6? is more toxic than the other but

some strong oxidants can oxidize Cr3? to Cr6? (Zuo and

Balasubramanian 2013).

Removal of heavy metals requires high operational and

maintenance cost and the technologies available are

expensive (Opeolu et al. 2010). The employed wastewater

treatment methods include reverse osmosis, precipitation,

ion exchange and adsorption (Ahalya et al. 2003). Ion

exchange, membrane filtration and coagulation are gen-

erally used for treating chromium-laden wastewater

(Fabbricino et al. 2013). Adsorption is an option which

provides benefits such as a clearer effluent and possibility
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of heavy metal recovery at a low cost (Shankar et al.

2014).

Adsorbents commonly used for chromium adsorption

include alginate (Navarro et al. 2006) and activated carbon

(Mohan and Pittman 2006), imidazole functionalized sol–

gel (Park and Tavlarides 2008 ), microorganisms like

fungi, bacteria and algae, tobacco dust, plant biomass and

also agricultural wastes such as rice bran, soybean, cot-

tonseed hulls, coconut shell and chitin(Opeolu et al. 2010).

For the adsorption of chromium, aquatic weeds (Elangovan

et al. 2008; Yun et al. 2001), short-chain polyaniline syn-

thesized on jute fiber (Kumar et al. 2008), grape stalks and

yohimbe bark (Fiol et al. 2008), sugarcane bagasse (Garg

et al. 2009) and the fungus Coriolus versicolor (Sanghi

et al. 2009), among others, have been used. Trivalent

chromium is said to be sorbed onto biosorbents by mech-

anisms like ion exchange, surface complexation or a

combination of both depending on the biosorbent used and

the available functional group (Han et al. 2006).

India is one of the top ten producers of aquaculture pro-

ducts in the world (Greenfacts 2010). The export of shrimps

and crabs is usually done in a canned form for which meat is

shelled and processed further. The unused shells sometimes

are sold to poultry farms as feed but the quantity thus used is

not comparable to tonnes of waste that is generated. Addi-

tionally, the disposal of this waste causes environmental

problems. This waste in the form of chitin is a potential

biosorbent of heavymetals. Chitin, obtained from crustacean

shells is the second most abundant natural polysaccharide

(Kumar 2000). Chitin contains 5–8 %of nitrogen in the form

of aliphatic amino groups (Dutta et al. 2004). Chitosan is a

polymer of glucosamine, found naturally in some fungal cell

wall, produced chemically from the deacetylation of chitin.

Chitin and chitosan are renewable, biodegradable, non-toxic

polymers with very good adsorptive capacity (Dutta et al.

2004). Chitosan chelates five to six times greater amount of

metals than chitin due to the free amino groups exposed

during deacetylation. Adsorption capacity of chitosan varies

with affinity for water, percent deacetylation and amino

group content. Chitosan has been modified and its compos-

ites have been produced to improve the adsorptive capacity.

Composites like chitosan-coated calcium silicate hydrate

(Zhao et al. 2014), chitosan polystyrene blend (Acharyulu

et al. 2014), chitosan graft acrylonitrile copolymer (Shankar

et al. 2014) and poly(vinyl alcohol)/citric acid/chitosan

beads (Zuo and Balasubramanian 2013) have produced good

results. Chitin and chitosan are low-cost adsorbents and are

commercially available at industrial grade for approximately

$ 4–6 and $ 13 per kilogram, respectively (as per the corre-

spondence with Axiogen Biotech, Pondicherry).

This paper presents a study on the comparative sorption

efficiency for chromium by unmodified chitin and chitosan.

Materials and methodology

Chitin was procured from Aquatech Biosolutions, Nellore,

India, and chitosan was prepared from it following Qurashi

et al. (1992). The chitin was deacetylated by soaking it in

50 % NaOH for 3 h at 110 �C in a hot air oven (Tempo

Instruments). The resulting solution was decanted and the

chitosan was washed several times with distilled water

until the pH lowered to neutral. Chitosan was sun dried for

3 days. Both chitin and chitosan were ground until they

could pass through #4 sieve (4.75 mm).

Degree of deacetylation (DD)

N-deacetylation of chitosan was determined by baseline

method following Qurashi et al. (1992) and the IR spec-

trum obtained using Perkin Elmer Spectrum RX 1 FTIR

spectrophotometer. The spectrum was traced on a graph

and the area covered by the peaks was calculated and

interpreted using the following Eq. (1):

% N� deacetylation ¼ 1� A1655

A3450

� 1

1:33

� �
�100; ð1Þ

where A is the logarithmic ratio of the absorbance and

transmittance at a given wavenumber.

This is based on the relationship between the absorbance

value at 1,655 cm-1, which corresponds to amide group

and the hydroxyl group which is at 3,450 cm-1 (Monteiro

and Airoldi 1999).

Adsorption study

A one thousand grams per liter stock solution of chromium

was prepared using chromium sulfate (AR grade). Then

solution of the desired concentration was prepared from the

stock solution. 100 mg of each adsorbent (chitin and

chitosan) was added to 50 ml of 50 mg/L chromium sulfate

solution taken in 250 ml Erlenmeyer flask. This was agi-

tated at 150 rpm for 4 h in a rotary shaker KS501 digital of

KIKA Labortechnik. The volume in the flask was filtered

using Whatman No.1 filter paper. The sample was stored in

plastic bottles and refrigerated until analyzed. Chromium

removal by the adsorbents was determined by measuring

the concentration of chromium in the filtrate by atomic

absorption spectroscopy using Perkin Elmer AAnalyst 800

atomic absorption spectrometer.

Time dependence studies

The optimum contact time for chromium removal by chitin

and chitosan was determined by carrying out the adsorption

experiment at pH 5 which was tested to be the natural pH
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of the chromium solution. During the span of 4 h, from

50 ml test solution, samples were drawn at 4-min intervals

and analyzed for the metal concentration. The time profile

of the metal adsorption was sketched.

Effect of pH

To study the effect of pH the experiment was carried out at

the pH in the range 2–5. The initial pH of the test solution

was adjusted to the desired pH using either 0.5 M H2SO4 or

1 M NaOH, as required. pH was not monitored during the

course of the experiment. 100 mg of adsorbent was added

to the test solution and the solution was agitated at

150 rpm. The experiment time was determined from the

time dependence study.

Adsorption isotherm

Relationship between adsorption capacity of chitin and

chitosan and metals was established using the Langmuir (2)

and Freundlich (3) adsorption equations. These equations

can be applied for monomolecular adsorption of a single

metal from a liquid phase to a solid (Minamisawa et al.

2004).

Langmuir adsorption equation:

qe ¼
qmax bCe

1þ bCe

ð2Þ

Freundlich adsorption equation:

qe ¼ KfC
1=n
e ; ð3Þ

where qmax is the maximum metal uptake (mg/g), b is the

Langmuir equilibrium constant (l/mg), Kf is the adsorption

capacity at unit concentration (l/mg), 1/n is the strength of

adsorption and Ce is the final concentration of the metal in

the solution.

Results and discussion

The FTIR (Perkin-Elmer) spectrum indicated that the

chitosan was deacetylated to 63 % proving transformation

of chitin into chitosan as chitin with more than 50 % DD is

referred to as chitosan (Bratskaya et al. 2004). The degree

of deacetylation was determined to find out the extent to

which the acetyl groups have been removed. Deacetylation

makes the chitosan a better adsorbent as it has more sites

onto which adsorption can take place. The results have

removal of more than half of the acetyl groups of chitin.

Huang et al. (2000) reported DD ranging between 48 and

86 % for chitosan which was prepared with varying con-

centration of NaOH and reaction time. Chitin is reported to

have acetamido group at C-2 position. Chitosan is reported

to contain three types of reactive functional groups that are

the amino group at the C-2 position and primary and sec-

ondary hydroxyl groups at the C-3 and C-6 positions,

respectively. Some of the properties of chitin and chitosan

are listed in Table 1.

Based on the time dependence study, a contact time of

40 min was fixed for chitin and chitosan. This included

10 min more than the resulting optimum time. The two

adsorbents reached equilibrium at different contact times

according to the pH of the solution. Equilibrium attained

by both adsorbents ranged between 16 and 28 min. Table 2

shows the amount of chromium adsorbed by chitin and

chitosan varied accordingly.

Chitin exhibited highest chromium removal of 49.98 %

at pH 3. Chitosan, on the other hand, adsorbed chromium to

the most of its capacity at pH 2. This was achieved in

28 min, whereas at pH 3 in 20 min 49.99 % of chromium

is removed which is only 0.2 mg less than that at pH 2.

This shows that the adsorption at pH 3 was better, con-

sidering the lower contact time taken. This is similar to the

observation of Dantas et al. (2001). The highest adsorption

in their experiment was attained at pH 2.5–3.5. Baran et al.

(2007) have also reported pH 3 to be the optimum pH for

both chitin and chitosan although the optimum contact time

was higher. The amine groups of chitosan have pKa value

of about 6.3; at pH lower than this the chitosan is proton-

ated and cationic due to which the adsorption capacity

Table 1 Properties of chitin and chitosan

S.

no.

Properties Chitin Chitosan

1. Functional

group and

their position

Acetamido at C-2 Amino group at C-2

Hydroxyl group at C-3

and C-6

2. Polymer b(1 ? 4)-linked

2-acetamido-2-

deoxy-b-D-glucose
(N-

acetylglucosamine)

a (1 ? 4)-linked

2-amino-2-deoxy-b-
D-glucopyranose

3. Solubility Insoluble in water and soluble in acidic

solutions (Kumirska et al. 2011)

Table 2 Equilibrium achieved and chromium adsorption efficiency

from the metal solution at various pH using chitin and chitosan

Experiment pH Chromium adsorption

efficiency (%)

Equilibrium

(min)

Chitin Chitosan Chitin Chitosan

1 2 49.92 50 20 28

2 3 49.98 49.99 20 20

3 4 49.9 49.88 16 20

4 5 49.94 49.84 20 20
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increases (Shetty 2006). The protonation decreases as the

pH increases and consequently the adsorption also

decreases. Amine groups are mainly involved in binding

with chromium. The chromium ions bind with the nega-

tively charged surface of chitosan by electrostatic interac-

tion (Nomanbhay and Palanisamy 2005).

Table 2 shows the pH dependent adsorption trend for

chromium. The adsorption increased from pH 2 to pH 3

and then decreased as the pH increased. There is a

noticeable decrease in sorption because chromium begins

to precipitate as it comes into contact with adsorbent at a

pH higher than 4.5 due to the alkaline nature of the

adsorbent surface. Udaybhaskar et al. (1990) have also

reported a decrease in chromium removal as the pH

increased from 3 to 5. The experiment also shows that the

process is highly pH dependent. Thavamani and Rajkumar

(2013) confirm the same stating that the availability of

adsorption sites and solubility of metal ions in the solution.

Freundlich and Langmuir isotherms for chromium

sorption from the metal solution by chitin and chitosan are

shown in Figs. 1 and 2, where Qe and Ce are the amounts

of chromium adsorbed at equilibrium and equilibrium

concentration of chromium, respectively.

Langmuir and Freundlich isotherms indicated good sorp-

tion results. The Langmuir isotherm is based on monolayer

saturation, whereas Freundlich isotherm gives the adsorption

on a heterogeneous surface (Nomanbhay and Palanisamy

2005). Regression coefficients for chromium sorption using

chitosan and chitin were 0.973 and 0.915 for Langmuir iso-

therm and 0.894 and 0.831 for Freundlich isotherm. This

indicated that theLangmuir relationship gives a better fit to the

experimental data than Freundlich, indicating the monolayer

interaction of chromium on the adsorbents. The same con-

clusion was drawn byDantas et al. (2001). Udaybhaskar et al.

(1990) reported a regression coefficient for Langmuir iso-

therm of 0.9995 and of 0.9648 for Freundlich isotherm in their

experiment on chromium interaction with chitosan. The

constants of Langmuir and Freundlich isotherms for chro-

mium adsorption on chitin and chitosan are summarized in

Table 3. The results in Table 3 also show that chitosan is a

better adsorbent than chitin. This result was reported by Ngah

and Musa (1998). The difference in efficiency of chitin and

chitosan is not remarkable in this case but it will increase with

chitosan of higher degree of deacetylation. This was con-

firmed in an experiment conducted by Liu et al. in 2013. They

stated that at degreeof deacetylation lower than85 %chitosan

in barely soluble in water. Chitosan with higher DDA has

more number of free amine groups available for adsorption

(Mnatsakanyan et al. 2013; Guibal et al. 2014).

Conclusion

The results indicate that both the adsorbents have shown

good adsorption capacity but chitosan is more efficient (at

lower pH). The experiment is highly pH dependent which

is characteristic of adsorption process. Use of chitin and

chitosan for the removal of heavy metals will take care of
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Fig. 1 Freundlich isotherm for chromium adsorption onto chitin and

chitosan
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Fig. 2 Langmuir isotherm for chromium adsorption onto chitin and

chitosan

Table 3 Freundlich and Langmuir isotherm constants for the sorp-

tion of chromium onto chitin and chitosan

S. No. Adsorbent Isotherm

Freundlich Langmuir

Kf 1/n R2 qmax b R2

1 Chitosan 1.13 1.2 0.894 51.12 1.449 0.973

2 Chitin 1.01 0.812 0.831 7.738 3.64 0.915
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two issues: the removal of many toxic heavy metals from

industries and the utilization of seafood processing waste.

Nevertheless, pollution is transferred from the wastewater

to a solid, at higher concentration levels. The non-toxic,

biodegradable, biocompatible properties of both the

adsorbents make them competent for the heavy metal

removal from wastewater.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.
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