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ABSTRACT
Key Words:
Heavy metal Of the various toxic heavy metals discharged into the environment, cadmium is
Cadmium highly toxic and has a serious health concern. Removal of metals from industrial
Chitosan wastewaters has conventionally been accomplished by precipitation, ion exchange
Coconut shell charcoal and electrolytic technology. More recently, adsorption using commercial activated
Adsorption carbon and carbon from different plant materials is in force. Use of activated carbon

is quite expensive. Hence, the use of carbon from natural biopolymers has attracted
attention of industrialists. Recently, surface modified carbon has generated diversity
with far superior adsorption capacity. Among the various low cost adsorbents
identified, chitosan has the highest adsorption capacity for several metals. But
chitosan is slightly soluble at low pH, soft and has a tendency to agglomerate or
form a gel in aqueous solutions, which makes the active binding sites of chitosan
not readily available for sorption. Hence, providing a physical support will increase
the accessibility of the metal binding sites. In the present investigation an attempt
has been made to overcome these mass transfer limitations by synthesizing a
biosorbent by coating chitosan on the surface of coconut shell charcoal. The chitosan
coated charcoal showed higher efficiency of adsorption of cadmium than the pure
charcoal.

INTRODUCTION

Heavy metal pollution hasa seriousthreat for the survival of living biota and the physico-chemical
nature of the environment. Water is the natural and preferred sink for the contamination and its
pollution becomesan important concern for human heath. Heavy metal compounds are widely used
in el ectroplating, cement, metal processng, wood preservatives, paint and pigments, and steel fabri-
cating industries. These industries produce | arge quantities of toxic wastewaters(Raji & Anirudhan
1997). A widerange of physical and chemical processesareavailablefor theremoval of thesemetals
from wastewater such as precipitation, ultrafiltration, ion exchange and reverse osmosis (Rengaraj et
al. 2001, Yurlovaet al. 2002, Benito & Ruiz 2002).

A major drawback with precipitation is sludge production. lon exchange is found to be a better
alternative, but it is not economically appealing. Adsorption using activated carbon can remove
heavy metals from wastewater such as Cd (Ramoset al. 1997), Ni (Shimet al. 2001), Cr (Ouki et al.
1997) and Cu (Monser & Adhoum 2002). But, activated carbon remains an expensive material for
heavy metal removal.

The use of carbon from natural biopolymers hasattracted attention of theindugtrialists (Saifuddin
& Palanisamy 2002). Recently, surface modified carbon has generated diversity with far superior
adsorption capacity. Inindustry, 17000 tons of Cd isused annually of which only 5% isrecovered.
Cadmiumisreferred to asthe ‘ dissipated element’ with regards to the environment. Cadmium isone
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of the toxic heavy metals whose presence in water and soil should be controlled. Hence, in the
present investigation, activated carbon isencapsulated with chitosan for surface modification, andis
used for the treatment of wastewater containing cadmium.

MATERIALS AND METHODS

Preparation of coconut shell carbon (CSC): The coconut shell was cut, ground and sieved. This
wasburnt at very high temperaturefor 2-3 hrs. The surface of carbon was activated by shaking with
7% sulphuric acid for 24 hrs. The carbon wasthen washed several timeswith deionised water till no
acid remains. The pure carbon was dried in hot air oven for 5 hoursat 110°C.

Preparation of chitosan gdl: Chitosan (from crab shells) wasobtained from Central Fisheriesingitute
Kochi, Keraa. About 50 g of chitosan wasslowly added to 1000 mL of 10% acetic acid with constant
gtirring. The mixture was heated to get awhitish viscous gel of chitosan-acetic acid mixture.

Surface coating of coconut shell carbon with chitosan (CCCSC): About 400 mL of chitosan gel
was diluted with water (400 mL) and heated to 40-50°C. About 400 g of activated coconut shell
carbon was sowly added and mechanically agitated using arotary shaker at 150 rpm for 24 hours.
This gel-coated activated carbon was washed with deionised water and dried. This process was
repeated to get athick coating of chitosan on activated coconut shell carbon. The amount of chitosan
coated was found to be 25% by weight.

Batch equilibrium studieswere carried out using CSC, CCCSC as adsorbents. CdCl, wasused as
asource of Cd(11). The Cd solutionswith 5 to 25 mg/L were prepared in deionised water. To maxi-
mize Cd removal by the adsorbents, batch experiments were carried out at different conditionsand
optimized. The removal efficiency (E) of the adsorbent on Cd(I1) was cal culated with as below.

E (%) =[(C,-C)/C] x 100
Where C_ and C, are the initial and equilibrium concentration of Cd solution (mg/L) respec-
tively. Once the conditionswere optimized, the percentage removal of Cd was measured during the

timeinterval of 20, 40, 60, 80, 100, 120 minutes. The Cd concentration was determined by standard
methods of APHA (1990) using Varian AAA-10 atomic absorption spectrophotometer.

RESULTS AND DISCUSSION

The effect of several parameterssuch asinitial pH (Table 1 and Fig. 1), dose of adsorbent (Table 2
and Fig. 2), agitation speed (Table 3 and Fig. 3) and contact time (Table 4 and Fig. 4) on theremoval
of cadmium from the wastewater were investigated.

Effect of pH: pH is an important factor for metal adsorption processes in agueous solutions. The
effect of pH on Cd adsorption efficiency was studied with pH from 1to 9 (Table 1 and Fig. 1). The
optimal pH was found to be 5 (CCCSC) and 4 (CSC) with the adsorption decreasing at higher pH.

I nfluence of dose: The dependence of Cd sorption on dose of adsorbent was studied by varying the
amount of adsorbentsfrom5to 30 g/L (Table2 and Fig. 2) keeping other parameters(pH, agitation-
speed and contact time) constant. From the results, it can be observed that the removal efficiency
increased with increase in adsorbent dose. Thismay be due to the greater availability of exchange-
able sitesfor theions. The adsorption efficiency was maximum at 15 g/L for CCCSC and 20 g/L in
the case of CSC. This shows that, maximum adsorption efficiency was observed at lower dose in
CCCSC dueto the presence of the more exchangeabl e sites.
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Table 1: Effect of pH on the removal of cadmium from

wastewater.

pH

Percent Cd
removal (CSC)

Percent Cd
removal (CCCSC)

©CoOo~NOOUDWN

5888888

30
50
70
70
80
70
55
20

Table 2: Effect of dosage of adsorbent (g/100mL) on cad-

mium removal.

Dose of
adsorbent
9/100 mL

Percent Cd

removal (CSC)

Percent Cd

removal (CCCSC)

5
10
15
20
25
30

55658588

38338858

Table 3: Effect of agitation speed on removal of cad-
mium from wastewater.

Speed Percent Cd Percent Cd

(rpm) removal (CSC) removal (CCCSC)
60 70 70
80 75 80

100 80 90

120 90 90

140 90 90

160 90 90

180 90 90

200 90 90

Table 4: Effect of contact time on cadmium removal.

Timein Percent Cd Percent Cd
minutes removal (CSC) removal (CCCSC)
30 10 15
60 20 25
90 35 50
120 40 55
150 40 55
180 40 55
210 40 55
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Fig. 1: Effect of pH on the removal of cadmium from
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Fig. 2: Effect of dosage of adsorbent
(9/200mL) on cadmium removal.
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. 3: Effect of agitation speed on removal of cadmium

from wastewater.
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Fig. 4: Effect of contact time on cadmium removal.
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Table 5: Percent removal of cadmium from wastewater 100
using coconut shell carbon and chitosan coated coconut
shell carbon at optimum conditions.

— —a—CSC

Percentage removal of
cadmium
&
g
\

Timein Percent Cd Percent Cd 2 = ccese
minutes removal (CSC) removal (CCCSC) 30 fa—
"

20 35 40 0 =

40 40 55 20 40 60 80 100 120

60 45 65 Contact time in minutes

80 50 75 Fig. 5: Percent removal of cadmium from wastewater
100 55 85 using coconut shell carbon and chitosan coated coconut
120 60 0 shell carbon at optimum conditions.

Effect of agitation speed: The effect of agitation speed on the cadmium removal efficiency was
studied by varying the speed of agitation from O (nho shaking) to 200 rpm (Table 3 and Fig. 3),
keeping the other factors constant. It was found that the Cd removal efficiency increased from 70%
to 90% when the agitation speed was increased from 60-80 rpm in CCCSC and 60-120 rpm in CSC.

Effect of contact time: The results (Table 4 and Fig. 4) indicate that the Cd removal efficiency
increased with an increasein contact time before equilibrium isreached. It was found that the opti-
mum contact time for both CCCSC and CSC was 120 minutes.

Removal of cadmium using CSC and CCCSC: From Table 5 and Fig. 5, it isfound that coconut
shell carbon (CSC) and chitosan coated coconut shell carbon (CCCSC) are efficient in removing
heavy metal cadmium from wastewater up to 90%.

In conclusion, it can beinferred that the use of chitosan coated acid treated coconut shell carbon
for cadmium removal appears to be technically feasible and eco-friendly with high efficacy. Be-
sides, being composed entirely of agricultural and fishingindustry waste, it helpsin waste minimiza-
tion. The adsorbent can be regenerated by using sodium hydroxide and, therefore, can be reused.

REFERENCES

APHA 1990. Standard Methods for the Examination of Waste and Wastewater (14" Edition), American Public Health Asso-
ciation, New Y ork.

Benito, Y. and Ruiz, M.L. 2002. Reverse osmosis applied to metd finishing wastewater. Desdlination, 142(3): 229-234.

Monser, L and Adhoum, N. 2002. Modified activated carbon for the removal of copper, zinc, chromium and cyanide from
wastewater. Separation and Purification Technology, 26(2-3): 137-146.

Ouki, SK., Neufeld, R.D. and Perry, R. 1997. Use of activated carbon for the recover of chromium from industrial wastewaters.
Journal of Chemical Technology and Biotechnology, 70(1): 3-8.

Raji, C. and Anirudhan, T.S. 1997. Chromium (V1) adsorption by sawdust: Kinetics and equilibrium. Indian Journal of
Chemical Technology, 4(5): 228-236.

Ramos, R.L., Rangel-Mendez, J.R., Mendoza-Barron, J., Fuentes-Rubio, L. and Guerrero-Coronado, R.M. 1997. Adsorption
of cadmium (I1) from aqueous solution onto activated carbon. Water Science Technology, 30: 191-197.

Rengaraj, S,, Yeon, K.H. and Moon, SH. 2001. Removal of chromium from water and wastewater by ion exchange resins.
Journal of Hazardous Materials, 87(1-3): 273-287.

Saifuddin M. Nomanbhay and Palanisamy, Kumaran 2002. Removal of heavy metal from industrial wastewater using chitosan
coated oil palm shell charcoal. Electronic Journal of Biotechnology, ISSN: 0717-3458, 8(1): 43-53.

Shim, JW., Park, S.J. and Ryu, SK. 2001. Effect of modification with HNO, and NaOH by pitch-based activated carbon
fibers. Carbon, 39(11): 1635-1642.

Yurlova, L. Kryvoruchko, A. and Kornilovich, B. 2002. Removal of Ni (I1) ions from wastewater by micellar-enhanced
ultrafiltration. Desalination, 144: 255-260.

Vol. 7, No. 4, 2008 - Nature Environment and Pollution Technology



