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Abstract

Pollution control is one of the prime concerns of society today. Untreated or partially treated wastewaters and industrial effluent
discharges into natural ecosystems pose a serious problem to the environment. In this study, sulphonated carbon prepared from
the bark of Pongemia glabara was coated with chitosan gel obtained from crab shells and used for the treatment for dyeing

industry effluent.
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I. INTRODUCTION

Environmental pollution causes health problems, by
affecting human health and lives, economical problems by
affecting human property and materials, ecological
problems by disturbing a balanced ecosystem, interfering
with the conservation of natural resources and threatening
the more existence of some species and aesthetic
problems by generally affecting human senses (Krishnan
Kannan, 1991).

There are a number of chemicals in the environment.
Some of these are toxic and the rest non-toxic. The toxic
chemicals are discharged mainly from industries into air,
water and soil. They getinto the human food chain from the
environment. Once they enter our biological system they
disturb the biological processes leading to some changes
even in the genetic level. According to the "International
Register of Potentially Toxic Chemicals" of the United
Nations Environment Programme, there are four million
known chemicals in the world today and another 30,000
new chemicals are added to the list every year. Among
these 60,000 to 70,000 chemicals are commonly used and
others are potentially toxic (Anil Kumar, 1989).

Pollution is a gift of industrial civilization. India today is
one among the top ten industrialized countries of the
world. Pesticides, detergents, plastics, solvents, fuels,
paints, dyes, food additives etc., are the outcome
pollutants of various industries. Due to progress in atomic
energy there has also been an increase in radioactivity in
the biosphere. Besides these, there are a number of
industrial effluents and emissions particularly poisonous
gases in the atmosphere. Mining activities also added to
this problem particularly as solid waste thus, pollution is a
gift ofindustrial civilization (Sharma, 1999).

On the basis of waste and wastewater (or effluent)
generation, the textile mills can be classified (ISPCH,
1995) into two main groups viz., Dry processing mills and

Woven fabric finishing mills. In the dry processing mill,
mainly solid waste is generated due to the rejects of cotton.
In the other group, desizing, scouring, bleaching,
mercerising, dyeing, printing, and packing are the main
processing stages. These stages consume approximately
2400 to 2700 m’/day of raw water (ISPCH, 1995). The
existing treatment units comprise of neutralization /
equalization tank, aeration tank, Reactor-| employing
anaerobic biological treatment, Reactor-ll employing
aerobic biological treatment, and secondary clarifier. In the
presentinvestigation an attempt was made to synthesize a
biosorbent by coating chitosan on carbon obtained from
the barks of Pongemia glabra and use the same in the
remediation of dyeing industry effluent.

Il. MATERIALS AND METHODS
A.Collection of effluent samples

The effluent from various dyeing units of Arni,
Tiruvannamalai district was collected from an effluent
canal.

B.Preparation of chitosan gel

Chitosan (from crab shells) was obtained from India
Sea Foods Cochin, Kerala. About 50 gms of chitosan was
slowly added to 1000 ml of 10% acetic acid with constant
stirring. The mixture was heated to get a whitish viscous
gel of chitosan —acetic acid mixture.

C.Preparations of sulphonated carbon

The bark of the Pongemia glabara was cut in to small
pieces, ground. This was burnt at very high temperature
for 2-3 hours. The surface of carbon obtained was
activated by shaking the same with 7% sulphuric acid for
24 hours. The carbon was then washed several times with
deionized water till there is no acid in it. The sulphonated
carbon was dried in hot air oven for 5 hours at 110°C.
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D.Preparation of sulphonated carbon coated with chitosan

About 400 ml of chitosan gel was diluted with water
(400 ml) and heated to 40 — 50°C. About 400 gms of
activated sulphonated carbon was slowly added and
mechanically agitated using a rotary shaker at 150 rpm for
24 hours. This chitosan gel-coated activated carbon was
washed with deionised water and dried. This process was
repeated to get a thick coating of chitosan on activated
carbon. The amount of chitosan coated was determined to
be 25% by weight.

lll. EXPERIMENT

Five grams of Chitosan coated carbon was used for
the experiment. The extent of remediation of the effluent
was investigated separately changing the adsorbent dose
and time of shaking the adsorbent metal solution mixture.
The pH of each solution was adjusted with NaOH or HCI.
The stoppered bottles were agitated at 30C by orbital
shaker at fixed speed, 160 rpm for various time intervals.

The adsorbates were separated using Whattman filter
paper and supernatant liquid was analyzed for residual
concentration of the metals by atomic absorption
spectrometer. Triplicate runs differing by less than 1% of all
the tests were achieved assuring the reproducibility of the
obtained data.

A. Studies on Physico-chemical parameters

Physico-chemical parameters such as electrical
conductivity (EC), biochemical oxygen demand (BOD),
chemical oxygen demand (COD), total dissolved solids
(TDS), total suspended solids (TSS), total solids (TS),
chlorides, sulphate, sodium and potassium were recorded in
the laboratory following standard methods (APHA, 1993).

IV. RESULTS AND DISCUSSION

Conventional physico-chemical methods for
removing heavy metals from waste streams include
chemical reduction, electrochemical treatment, ion
exchange, precipitation and evaporative recovers. These
processes have significant disadvantages, such as
incomplete metal removal, high reagent and energy
requirements, generation of toxic sludge or other waste
products and are very expensive when the contaminant
concentrations are in the range of 10-100 mg/l (Sao
Kutsal, 1995; Bhide et al., 1996; Ozer et al., 1997).

The specific difficulty with industrial effluents is that they
are very persistent and may be transported considerable
distances by air, water, or the food chain, where they tend to
accumulate, reaching concentrations in the upper trophic
levels that are several orders of magnitude higher than those
that originally existed, thus representing a continuous threat
tothe biota (Edmund etal., 1976).

These and other constituents degrade water quality,
endanger aquatic life and human health. They also
corrode equipment, generate hazardous gases, cause
treatment plant malfunctions, and make the sludge
disposal more difficult.

A new development in recent years for heavy metal
removal is to use chitosan (CS) as the adsorptive material.
Chitosan is a natural biopolymer with a high content of the
amine (-NH,) functional group and is inexpensive and
abundant, widely available from seafood-processing
wastes (Liand Bai, 2005).

CS has been found to have high binding capacities,
normally greater than 1mM metal/g CS, for many heavy
metal ions, including Cd, Hg, Pb, Cu, etc., and the
capacities have been reported to be even greater than
polyaminostyrene, the constituent of expensive ion
exchange resins (Bailey, et al., 1999). The good
performance of chitosan in adsorbing heavy metal ions
has been attributed to the capability of the amine group of
chitosan to form surface complexes with many heavy
metal ions in aqueous solutions (Guibal , 2004; Liand Bai
2005).

Chitosan has ionic edges, which are capable of
chelating metals. Hence in the present investigation a
study was undertaken to find out the efficacy of chitosan
coated carbon of Pongemia glabara in remediating the
dyeingindustry effluent.

Table 1. Physico-chemical characteristics of the
composite dyeing Industry effluent

o Dyeing Optimum
arameters " levels
effluent (MINAS)
pH 8.7 7.0-9.0
TDS mgl/L 7120 462
TSS mglL 1090 111
BOD mg/L 1250.2 400
COD mg/L 4210.0 421
EC dsm” 10.5 0.68
K mg/L 410 100
Camg/L 485 26
Na mg/L 365 200
Mg mg/L 890 84
Znmg/L 62.4 5.0
Cu mg/L 174 3.0
Fe mg/L 1905 3.0
Co mgl/L 45 0.2
Crmg/L 124 20

*Values expressed as mean of 6 individual values



36 International Journal on Applied Bioengineering, Vol.4, No.1, January 2010

BEpH

BTDS mglL
70001 OTsSS mglL
OBOD mgiL
ECODmgl/L
5000 BEEC dsm-1
BEKmg/L
OCamgiL
3000 B Namg/L
EMg mg/L
OZn mglL
10004 ECumgl/L
B Fe mg/L
EComg/L
ECrmg/L

8000

60001

40001

Values

2000+

Dyeing effluent

ig1.Physio-chem @l fatasandt leh eavymetd 9
resentin redyei mi mustne fflent

Table.1& Figure - 1 show the physico-chemical factors
and the heavy metals present in the dyeing industry
effluent. From the values it is evident that all the physico-
chemical factors such as the electrical conductivity, the
total dissolved solids and total suspended solids were very
high when compared to the minimum standard values of
this country. The amount of heavy metals such as copper,
cobalt, chromium and zinc were found to be many fold
higher when compared to the accepted limits. The results
thus indicate that the effluent is hazardous to the
organisms both aquatic and terrestrial, in which this
effluent will be mixed.

An easy and cost effective method is highly necessary
to remove the pollutants from the effluent. The chemical
methods such as coagulation, precipitation etc., release
secondary pollutants, which make the situation still worse.
Hence a cost effective method is proposed in the present
project work and also an attempt was made to find the
efficacy of chitosan-coated carbon in remediating dyeing
industry effluent. Initially the adsorbent was taken in different
weights, and the level of remediation was measured. The
values are presentedin Table.2 &Figure —2.

Table 2. Effect of adsorbent dose on the physico-
chemical factors and metals of the dyeing industry

effluent
Effl | Chitosan impregnated

Parameter uen carbon®

S t |19 29| 39 | 49
EC dsm 13 72 |54 | 36 | 36
TDS 712 | 419 | 246 1591 150
(mg/L) 0 4 4 0
TSS (mg/L) 189 851 | 540 | 320 | 320
BOD 125 444
(mgll) 0.2 734 0 202 | 100
COD 421 | 181
(mglL) 00 | 4 910 | 94 90

K(mglL) | 410|310 [140| 62 | 60
Ca(mglL) | 485|356 | 278 | 195 | 135
Na(mglL) | 365|257 [ 196 | 144 | 114

Mg (mg/lL) | 890 | 711 | 521 | 311 | 315
62. | 51. | 24.

Zn (mglL) 4 0 0 8.1 8.0

cumg) | 13174 24 | 24
4 | 4

Fe (mglL) 13' 746 | 379 | 360 | 35.0

Comgt) | 45 | 32 | 'f| 45 | 45

Crimgl) | 124 | 69 | 2| 82 | 81

1
*Values expressed as mean of 6 individual values
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Fig. 2. Effect of adsorbent dose on the physico-chemical

factors and metals of the dyeing industry effluent

From the above table it is evident that the removal of
pollutants from the wastewater increases with the increase
in adsorbent dose. The mechanical properties of chitosan
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are strongly influenced by the microphase separated
morphology which results from an incompatibility between
softflexible aliphatic amino saccharide of chitosan.

Table 3. Effect of contact time on the physico-
chemical factors and metals of the
dyeing industry effluent

Chitosan impregnated
Paramete | Efflue carbon*

rs nt 30 | 60 | 90 | 120
min | min | min | min

EC dsm” 105 | 86 | 61 | 36 | 3.6

DS 424 [ 210 [ 175 | 170
(mglL) 201 5 o | o
TSS 1000 | 851 | 620 | 320 | 320
(mglL)

BOD 12502 | 970 | 550 | 130 | 130
(mglL)

cOD 221 | 114

oy | 42100 | 5118 0 | 1o

K(mgll) | 410 |312|150 | 71 | 71
Ca(mgll) | 485 | 375|293 | 152 | 125
Na(mglL) | 365 | 274|202 | 151 | 114
Mg (mg/ll) | 897 | 722 | 561 | 315 | 313
Zn(mgll) | 624 |526 (264 9.1 | 9.0
mgl) | 174 |136] 79 | 25 | 25
mgl) | 195 |7.68|596| 46 | 3.3
Co(mgll) | 45 | 36 [201| 45 | 45
Cr(mgl) | 124 | 69 |246| 8.1 | 8.1

*Values expressed as mean of 6 individual values
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Fig. 3. Effect of contact time on the physico-chemical
factors and metals of the dyeing industry effluent

Table.3 and Figure — 3 show the remediation levels of
the dyeing industry effluent with respect to the contact
time. From the results itis evident that the remediation rate
increases with increase in the time of contact of the effluent
with the adsorbents. In the case of chitosan-coated
carbon, both the materials work synergistically in
adsorbing the pollutants and remediating the dyeing
industry effluent

Synthetic dyes are extensively used in the textile
industry. Due to inefficiencies of the industrial dyeing
process, 10— 15% of the dyes are lost in the effluents of
textile units, rendering them highly colored (Vaidya and
Date 1982; Boer et al. 2004). It is estimated that 280,000
tons of textile dyes are discharged in such industrial
effluents every year worldwide (Maas and Chaudhari
2005). Direct discharge of these effluents causes
formation of toxic aromatic amines under anaerobic
conditionsin receiving media.

In addition to their visual effect and their adverse
impact in terms of chemical oxygen demand, many
synthetic dyes are toxic, mutagenic and carcinogenic
(Chung and Stevens 1993). The efficient removal of dyes
from textile industry effluents is still a major environmental
challenge (Baldrian and Gabriel 2003). The frequently
high volumetric rate of industrial effluent discharge in
combination with increasingly stringent legislation, make
the search for appropriate treatment technologies an
important priority (O'Neill etal. 1999).

Degradation of dyes, especially azo dyes, which
comprise about 70% of all dyes used, is difficult due to their
complex structure and synthetic nature (Swamy and
Ramsay 1999; Maas and Chaudhari 2005). Currently,
various chemical, physical and biological treatment
methods are used to remove color (Pala and Toket 2002;
Zhang et al. 2003). Because of the high cost and disposal
problems, most of the chemical and physical methods for
treating dye wastewater were not widely applied in the
textile industries (Robinson et al. 2001; Mazmanci and
Unyayar 2005). Because synthetic dyestuffs are resistant
to biological degradation, color removal by bioprocessesis
also difficult (Shaul et al., 1991; Willmott et al. 1998).
Decolorization generally occurs by the adsorption of
dyestuffs on bacteria, rather than oxidation in aerobic
systems.
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V. CONCLUSION

In this work, we have used cost-effective, simple-to-
use and environmentally benign treatment technology. A
method containing sulphonated carbon coated with
chitosan was used for the treatment of dyeing effluents.
The results of present investigation shows significant
reduction of physico-chemical parameters and heavy
metal content after treatment.

VI. ACKNOWLEDGEMENT

The authors are grateful to DKM College Management for
providing necessary facilities for our experimental work.

REFERENCES

[1  Anilkumar, 1989. “In: Environmental Chemistry”.
Ed. by Anilkumar De Edition-2, Willy eastern
Limited, pp 67.

[2] Apha, 1993. “Standard Methods for the
Examination of Water and Wastewaters”. American
Public Health Association, NW, Washington DC,
pp.874.

[3] S.Bailey, T.Olin, M.Bricka, A.Adrian, 1999. Water
Res. 33,2469.

[4] P.Baldrian, J.Gabriel, 2003. Lignocellulose
degradation by Pleurotus ostreatus in the presence
of cadmium. FEMS Microbiol Lett. 220:235-240

(9] J.V.Bhide, P.K.Dhakephalkar, K.M.Paknikar, 1996.
Microbiological process for the removal of Cr (VI)
from chromate-bearing cooling tower effluent.
Biotechnology Lett.18:667-72.

[6] C.G.Boer, L.Obici, C.G.Souza, R.M.Peralta, 2004.
Decolourization of synthetic dyes by solid state
cultures of Lentinula (Lentinus) edodes producing
manganese peroxidase as the main lignolytic
enzyme. Bioresource Technol. 94:107-112

[7]  K.T.Chung, S.Jr.Stevens, 1993. Decolourization of
azo dyes by environmental microorganisms and
helminthes. Environ Toxicol Chem. 12:2121-2132.

[8] E. Guibal, 2004. Interactions of metal ions with
chitosan-based sorbents: A review, Sep. Purif.
Technol. 38,43-74.

[9] B.Edmund, P.E.Besselievre, M.Schwartz, 1976.
The Treatment of Industrial Wastes. 2nd ed. New
York:McGraw Hill.

[10] Krishnan Kannan, 1991. Fundamentals of
environmental pollution: S. Chand and company
Ltd., New Delhi. First Ed. pp.14, 76, pp.245-300.

[11]

[12]

[13]

[14]

[19]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Li Nan, Bai Renbi, 2005. Copper adsorption on
chitosan-cellulose hydrogel beads: behaviors and
mechanisms, Separation and Purification
Technology 42:237-247.

R.Maas, S.Chaudhari, 2005. Adsorption and
biological decolorization of azo dye reactive red 2 in
semicontinuous anaerobic reactors. Process
Biochem. 40:699-705.

M.A.Mazmanci, A.Unyayar, 2005. Decolourization
of reactive black 5 by Funalia trogii immobilized on
Luffa cylindrica sponge. Process Biochem.
40:337-342.

C.O'Neill, F.R.Hawkes, D.L.Hawkes,
N.D.Lourenco, H.M.Pinheiro, W.Delee, 1999.
Colour in textile effluents: sources, measurement,
discharge consents and simulation: a review. J
Chem Technol Biotechnol. 74:1009-1018.

A.Ozer, H.l.Ekiz, D.Ozer, 1997. A comparative
study of teh buiosorption of cadmium (Il) ions to S.
Leibleiniand R. Arrhizus. ChimicaActa Turcica, 25:
63-7.

A.Pala , E.Toket, 2002. Color removal from cotton
textile industry wastewater by an activated sludge
system with various additives. Water Res.
36:2920-2925

T.Robinson, G.McMullan, R.Marchant, P.Nigam,
2001. Remediation of dyes in textile effluent: a
critical review on current treatment technologies
with a proposed alternative. Bioresour Technol.
77:247-255

Y.Sag, M.Nourbakhsh, T.Kutsal, 1995. Process.
Biochem. 30, 175-181.

P.D.Sharma, 1999. Environmental pollution and
public Health, In: environmental Biology pub,
Rakesh Rastogi for Rastogi publications.pp. 154-
193.

G.M.Shaul, T.J.Holdsworth, C.R.Dempsey,
K.A.Dostal, 1991. Fate of water-soluble azo dyes in
the activated sludge process. Chemosphere
22:107-119.

J.Swamy, J.A.Ramsay, 1999. The evaluation of
white-rot fungi in the decolouration of textile dyes.
Enzyme Microb Technol. 24: 130-137.

A.AVaidya, K.V.Date, 1982. Environmental
pollution during chemical processing of synthetic
fibers. Colourage 14:3-10.



Sugantha Kumari et al : Bioremediation of Dyeing Industry Effluent Using Modified Carbon 39

[23]

[24]

[25]

N.Willmott, J.Guthrie, G.Nelson, 1998. The
biotechnology approach to colour removal from
textile effluent. J Soc Dyers Colour 114:38-41.

S.J.Zhang, M.Yang, Q.X.Yang, Y.Zhang, B.P.Xin,
F.Pan, 2003. Biosorption of reactive dyes by
mycelium pellets of a new isolate of Penicillium
oxalicum. Biotechnol Lett. 25:1479-1488

W.Zhang, S.Ge, Y.Wang, M.H.Rafailovich,
O.Dhez, D.A.Winesett, H.Ade, K.V.P.M.Shafi,
R.Ulman, R. Popovitz-Biro, R. Tenne, J. Sokolov,
2003. Polymer, 44,2109.

Ms. K.Sugantha Kumari is a faculty
in the Department of Chemistry,
Auxilium College, Vellore. Her area of
Research work is in Wastewater
treatment using ternary blends.



