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Abstract:

The association of dyes, particularly acidic dyes with
health related problems is not a new phenomenon.
A lot of well established literature is already
available on the role of dyes as a major cause in skin
and respiratory diseases. The adsorbents which are
of low cost, locally available and are relatively new
for their acidic dyes removal capacity from aqueous
solutions were investigated. Bagasse, cow dung,
groundnut shells, pea shells, used tea leaves, wheat
straw were used in their charcoal form whereas
brick kiln ash and cement kiln ash adsorbents were
used as such for the removal of acid violet 17, acid
violet 49, acid violet 54, acid blue 15 and acid red
119. The effects of various experimental parameters,
initial pH, dye concentration, sorbent dosage, ion
strength, contact time were examined and optimal
experimental conditions were decided. At initial
basic pH more than 8.0, all the five dyes studied
could be removed effectively. The isothermal data
for adsorption followed the Freundlich and
Langmuir models. The adsorption results in this
study indicated that all the adsorbents were
attractive candidates for removing acidic dyes from
dye wastewater.
Key Words: Acidic dyes, Adsorbents, Health hazard

Introduction:

Synthetic dyes have been increasingly used in the
textile, paper, rubber, plastic, cosmetics, pharmaceu-
tical and food industries because of their ease of
use, inexpensive cost of synthesis, stability and vari-

ety of colour compared with natural dyes.1'3 Today
there are more than 10,000 dyes available commer-

cially.4 most of which are difficult to biodegrade due
to their complex aromatic molecular structure and

synthetic origin.5 The extensive use of dyes often
poses pollution problems in the form of coloured
wastewater discharge into environmental water bod-
ies, which interferes with transmission of sunlight
into streams therefore reduces photosynthetic activ-
ity.6 In addition, some dyes or their metabolites are
either toxic or mutagenic and carcinogenic. A lot of
cases throughout the world are reported about the
role of dyes in connection with variety of skin, lung,

and other respiratory disorders.” Use of variety of
dyes and chemicals in the dyeing processes causes
considerable variation in the wastewater characteris-
tics like pH, colour and chemical oxygen demand
(COD). The presence of these heat and light stable,
complex dye molecules in wastewater made the

conventional methods of sewage treatment, such as
primary and secondary treatment systems, unsuit-

able.” The adsorption process provides an attractive
alternative treatment, especially if the adsorbent is
inexpensive and readily available. Granular activated
carbon is the most popular adsorbent and has been

used with great success®, but is expensive. Conse-
quently, many investigators have studied the feasi-

bility of using low cost substances, such as plum ker-

10

nels’, chitin'®, chitosan', perliteu, natural clayB,

bagasse pith”, fly ash'®, boiler bottom ash'®,

1819 peatzo, banana pith21

24,25

bagasse fly ash'’, rice husk

orange peelzz, Eichhornia ash®, saw dust , wal-
nut shells charcoal®®, etc. as adsorbents for the re-
moval of dyes from wastewaters. Critical review of

low cost adsorbents for waste and wastewater treat-
ment has been represented by Pollard et al.”, Mall
et al.”® and Bailey et al”?

The purpose of this work was to investigate the
possibility of bagasse charcoal (BC), brick kiln ash
(BKA), cement kiln ash (CKA), cow dung charcoal
(CDCQ), groundnut shells charcoal (GNC), pea shells
charcoal (PSC), used tea leaves charcoal (UTO),
wheat straw charcoal (WSC) materials which were
obtained from the local market. Brick kiln ash and
cement kiln ash were used as such whereas all other
adsorbents were used by making their charcoal for
the removal of acidic dyes from aqueous solution.
All the biomaterials are low cost agricultural waste
residues and are easily available in large quantity in
India. The dyes selected as sorbate were Acid Violet
17 (AV17), Acid Violet 49 (AV49), Acid Violet 54
(AV54), Acid Blue 15 (AB15) and Acid Red 119
(AR119). The effects of various operating
parameters on biosorption such as initial pH and dye
concentration, sorbent dosage, ion strength, contact
time were monitored and optimal experimental
conditions were decided.

Materials and Methods:
Reagents

The following reagents, procured from different
companies were used as needed for the determination
of COD and other experimental purposes:

Potassium dichromate (99.8%, S.D. Fine Chemicals,
India), Ferrous ammonium sulphate (99.9%, BDH
Laboratory Reagent, India), 1,10-Phenanthroline (99.9%,
SISCO Research Laboratory, India), Silver sulphate
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(99.5%, BDH Laboratory Reagent, India), Mercuric
sulphate (99.5%, Ranbaxy, India), Sulphuric acid, HCl
and NaOH (AR grade, Ranbaxy, India)

Preparation of different adsorbents

All the adsorbents used in this study were obtained
from a local market. The collected adsorbents; bagasse,
dry cow dung, groundnut shells, pea shells, used tea
leaves, wheat straw were extensively washed with tap
water to remove soil and dust, sprayed with distilled

water and then dried in an oven at 800C. Then the
adsorbent materials were burnt in the absence of free
excess of air to get their respective charcoals. The
different charcoal obtained were sieved to different
particles sizes and then their particles in the size ranges
between 200 -250 microns were preserved in the
desiccator for further studies. However, brick kiln ash
and cement kiln ash were obtained from respected
plants and then sieved through sieves to get particles of
sizes in ranges between 200-250 microns.

Preparation of dye solutions: The dyes used in this study are listed in Table 1. Their chemical structures are

shown in Fig.1.
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Fig. 1 The chemical structures of the acidic dyes used in this study

Five dyes (Acid Violet 17, Acid Violet 49, Acid Violet 54, Acid Blue 15, Acid Red 119) obtained from a local dye
manufacturing company in commercial purity, were used without further purification. The dye stock solutions
were prepared by dissolving accurately weighed dyes in distilled water to the concentration of 100 mg/l. The
experimental solutions were obtained by diluting the dye stock solutions in accurate proportions to needed
initial concentrations. The initial pH of each dye solution was adjusted with 0.1TM HCl or NaOH using pH meter

to its effective adsorption pH value.
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Table 1: The general data of the dyes used in this study

Commercial name C.I. No F.W.
Acid Violet 17 42650 761.8
Acid Violet 49 42640 7334
Acid Violet 54 - 789.8

Acid Blue 15 42645 775.9
Acid Red 119 - 673

Experimental methods and measurements

Adsorption experiments were carried out in a rotary
shaker at 150 rpm and 20 + 2°C using 250 ml shaking
flasks containing 100 ml of different concentrations at
initial pH values of dye solutions. The initial pH values
of solutions were previously adjusted with 0.1 M HCl or
NaOH using pH meter. Different doses of sorbent were
added to each flask and then the flasks were sealed to
prevent change in volume of the solution during exper-
iments. After shaking the flasks for predetermined time
intervals, the samples were taken out from the flasks
and the dye solutions were separated from the sorbent
by filtration with 200 mesh stainless steel sieve and
then centrifuged. Dye concentrations in the super-
natant solutions were estimated by measuring COD,
adopting standard APHA method *.

The amount of dyes sorbed by the adsorbent was cal-
culated using the following equation

g=(Co-Ce)V/W

where W (mg/g) is the amount of dye sorbed by adsor-
bent, Co and Ce (mg / 1) are the initial and equilibrium
liquid phase concentrations of the dye, respectively. V
(), the initial volume of dye solution and W (g), the
weight of the adsorbent material.

The experiments were conducted in duplicate and the
negative controls (with no sorbent) were simultaneous-
ly carried out to ensure that sorption was by adsorbent
material and not by the container.

Results and Discussion
Effect of Contact Time

The values of equilibrium time of all the five acidic dyes
with various adsorbent materials for COD reduction
were estimated and are given in Table 2. It was ob-
served that the rate of removal of acidic dyes increases
with increase in contact time to some extent. Further
increase in contact time does not increase the uptake
due to deposition of dyes on the available adsorption
site on adsorbent material.

Table 2: Equilibrium time of various dyes with different adsorbents

S.No. Adsorbents Equilibrium time
1 Bagasse charcoal 4 hours
2 Brick kiln ash 4 hours
3 Cement kiln ash 3 hours
4 Cow dung charcoal 4 hours
5 Groundnut shells charcoal 5 hours
6 Pea shells charcoal 4 hours
7 Used tea leaves charcoal 4 hours
8 Wheat straw charcoal 5 hours

Preliminary investigations on the rate of uptake of various dyes on the different adsorbent material indicated that Bagasse
charcoal taken 4 hours in removing 78% of AR 119 and 74 % of AB15 whereas for other dyes removal is lesser than 50%. In
case of Brick kiln ash 100% of AR119, 97% of AB15 and AV54, 98% of AV17 and 92% of AV49 was removed after 4 hours.
Whereas, a time period of 3 hours was taken by cement kiln ash for removing 99% of AR119 & AV49, 90% of AV17, 65% of
AB15 and 53% of AV54. Cow dung charcoal, however, was found comparatively lesser efficient as it took 4 hours and re-
moval was only in between 40 and 60%. Groundnut shells charcoal took longer period of 5 hours in removing various acidic
dyes and removal of 78 and 74% was observed respectively for AR 119 and AB15, however for other dyes, removal was less
than 50%. Pea shells charcoal removed more than 90 % of dyes in each case in 4 hours. Used tea leaves charcoal took 4 hours
in removing 92, 89, 72, 70 and 68% of AR119, AV54, AV 17, AB15 and AV 49, respectively. Wheat straw charcoal taken 5
hours in removing 87% of AV54, 70% of AB15, 58% of AV49, 41% of AV17 and 22% of AR119.
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Effect of pH

Because the initial pH of solution can significantly influence adsorption of dyes, the effects of pH on dye ad-
sorption by the bagasse charcoal was studied first. The value of pH used ranged from 4 to 11.

pH

120
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Fig. 2 Effect of initial pH on adsorption of acidic dyes by various adsorbents

As shown in Fig. 2, for all five dyes, the dye removal ra-
tios were maximum when the initial pH medium was
kept basic. The ratios of dyes sorbed decreased as the
initial pH was decreased from 11 to 4, and, the dye re-
moval ratios were maximum at pH 9 and then kept
constant beyond pH 5. For this reason pH 9, where
maximum removal was observed, was selected for all
other experiments with bagasse. Similarly optimum
working pH were found for other sorbents. It was
found that pH of 8.9, 8.1, 8.5, 8.3, 8.2, 9.0 and 7.9 were
optimal for brick kiln ash, cement kiln ash, cow dung
charcoal, groundnut shells charcoal, pea shells charcoal,
used tea leaves charcoal and wheat straw charcoal ma-
terials, respectively.

Effect of Dye Concentration

The influence of dye concentration on adsorption per-
centages of dyes was estimated. The effect of dye con-
centration was studied by keeping the adsorbent dose
constant at 1 g. For adsorption study, in the optimized
period of contact time, the rate varies directly with
concentration of adsorbate. The activities of all the ad-
sorbent materials fall sharply with an increase in the
initial concentration of dye. It is well known fact that
rate of exchange adsorption controlled by diffusion
through a hydrostatic boundary layer called film diffu-
sion control or through the pores of the region matrix

called particle, diffusion control. The rate of exchange
adsorption is mainly controlled by film diffusion under
the conditions of small resin particle, dilute solution
and mild stirring and vice-versa in case of pore or parti-
cle diffusion. More practically, both processes control
it>' The three distinct steps involves in the adsorption
of an organic/inorganic compound onto the pores of
adsorbent material are:

1. The adsorbent molecules must be transferred
from the bulk phase of the solution to the ex-
ternal surface of the adsorbent particles is
called as “film diffusion’.

2. Transfer of adsorbent molecules to an ad-
sorption site on the inside of the adsorbent
particle is known as pore or ‘particle diffu-
sion’.

3. The adsorbate particle must become attached
to the interior surface of the adsorbent parti-
cle that is ‘adsorbed’.

In case of particles diffusion external transport > inter-
nal transportation and in film diffusion external trans-
port < internal transportation and if external trans-
portation is approximately equal to internal transporta-
tion, the transport of ions to the boundary may not be
possible at significant rate.
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Fig. 3 Influence of dye concentration on adsorption of various dyes by bagasse charcoal

As shown in Fig. 3, there was regular decrease in per-
centage of COD removal when the concentration of
dyes were increased, for example in case of bagasse the
percentage of COD removal were decreased from 78 to
70% in AV119, 74 to 58% in ABV15, 48-38% in AV49,
44-36% in AV17 and 20-10 in AV54 . Similarly, in case of
brick kiln ash the percentage of COD removal de-
creased from 100 to 93%, 98 to 92%, 97 to 89%, 97 to
88% and 92 to 80% for AR119, AV17, AB15, AV54 and
AV49 respectively. In case of cement kiln ash the per-
centage of COD removal decreased from 99 to 90%, 99
to 88%, 90 to 80%, 65 to 58% and 53 to 49% for AR119,
AV49, AV17, AB15 and AV54, respectively. And in case
of cow dung charcoal the percentage of COD removal
decreased from 60 to 50%, 62 to 48%, 52 36%, 37 to 30%
and 44 to 38% for AR 119, AB15, AV54, AV49 and AV17,
respectively. In case of groundnut shells charcoal the
percentage of COD removal decreased from 78 to 70%,
74 to 68%, 22 to 12%, 50 to 38% and 42 to 35% for AR
119, AB15, AV54, AV49 and AV17, respectively. In case
of pea shells charcoal the percentage of COD removal
decreased from 97 to 93%, 98 to 92%, 90 to 82 %, 93 to
81 and 98 to 95 % for AR 119, AB15, AV54, AV49 and
AV17, respectively. In case of used tea leaves charcoal
the percentage of COD removal decreased from 92 to
88%, 70 to 55%, 89 to 78%, 68 to 48% and 72 to 58% for
AR 119, AB15, AV54, AV49 and AV17, respectively. In
case of wheat straw charcoal the percentage of COD
removal decreased from 22 to 18%, 70 to 60%, 87to
80%, 58 to 48% and 41 to 38% for AR 119, AB15, AV54,
AV49 and AV17, respectively.

With the data for Freundlich and Langmuir equations
were employed to study the sorption isotherms of dyes.

The Freundlich equation was linearized as follows:

lr::-gE :logk+llog Ce
in 1 [32]

where x/m is amount of acid dye adsorbed (x) per unit
weight (m) of adsorbent, Ce, is the equilibrium concen-
tration, k and n are empirical constants and their values
were obtained from the intercept (log k) and slopes (1/
n) of linear plots of log x/m versus log Ce.

The Langmuir equation is shown as follows:

Ce (e 1
= +

X Cm bCmi3y

Where Ce (mg/l) is the concentration of the dye solu-
tion at equilibrium, X (mg/g) is the mass of dye ad-
sorbed (x) per gram (m) of adsorbent. Cm is the mass
of dye that 1 gm of adsorbent can adsorb when the
monolayer is complete and b is the isotherm constant
for particular adsorbate adsorbent combination.

The €m and b values were calculated from the slopes
(1/Cm) and intercepts (1/bCm) of linear plots of Ce/X
versus Ce.
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Table 3: n and k values for various dyes on treatment with different adsorbents

Dyes
sr.No. Adsorbent n&kvalues | i Red 119 Acid Blue 15 | Acid Violet 54 | Acid Violet 17 | Acid Violet 49
1 Basasse charconl n 5.13 146 5.97 1.16 6.56
: & K 0.051 0.791 0.007 0.007 0.009
o n 245 0.56 522 1133 386
2 Brick kiln ash K 0.105 0.0002 0.007 0.007 0.014
A n 2.76 245 188 217 2.89
3. | Cementkiln ash K 0.09 018 035 0.25 013
n 328 213 470 3.49 179
4| Cow dung Charcoal K 0.03 0.16 0.02 0.05 0.42
5 Groundnut shells n 1.67 2.21 244 1.55 1.71
’ charcoal k 0.45 0.13 0.11 0.45 0.26
n 145 383 127 3.03 134
6. | Peashells charcoal K 6.85 0.06 14.04 0.13 7.62
7 Used tea leaves char- n 1.89 1.47 493 2.05 5.03
: coal K 0.25 0.76 0.01 0.005 0.008
n 253 0.50 498 0.007 356
8. |Wheat straw Charcoal K 011 253 0.01 0.001 0.02
Table 4: Cm and b values for various dyes on treatment with different adsorbents
Dyes
Cm (mol I x 10°) -
No. A . o o
sr:No dsorbent b (1 mol™) Acid Red 119/ Acid Blue 15 |Acid Violet 54 ACId1\;IOIEt Acid Violet 49
1 Sarasse charconl Cm 0.194 0.159 2.929 5.027 -
: & b 8607 16685 14566 40143 -
o Cm 10.598 2562 4983 3309
z Brick kiln ash b 3876 10568 40729 8238
; Cement kil ash Cm 3230 3.070 2,930 6.540 4230
: b 56984 35390 89134 24305 18778
A Cow dune ach Cm 4750 3.050 3.090 6.030 2.240
: & b 2844 3278 8992 0970 6377
Cm 13.200 9.500 7.800 13300 8.400
7. |Groundnut shells charcoal b 24 2814 5510 991 1986
Cm 5.830 0.810 5510 1,590 4140
8 Pea shells Charcoal b 1243 18643 3048 9570 3362
11 | Used tea teaves charcont Cm 10.990 6.736 2.879 4873 3.084
: b 2975 1009 11773 80258 11894
Cm 10.818 2.890 4721 3.703
12. Wheat straw charcoal b 5303 10911 38209 1165

Table 3 and 4 gives the the k and 1/n values in Fre-
undlich equation, Cm and b values in Langmuir
equation. The correlation coefficients in every case
were found in between 0.92 -0.98. The adsorbing ca-
pacities of different adsorbing material varied very
much in removing different dyes. The maximum
sorption capacities (Cm) for Bagasse charcoal was
38.32 mg/gm of absorbent for AV 17, brick kiln ash
has shown maximum monolayer concentration 80.88
mg/gm of absorbent for AR 119, cow dung charcoal
has shown maximum monolayer concentration
50.30/gm mg of absorbent for AV 17, groundnut

shell charcoal has shown maximum monolayer con-
centration 100.57 mg/gm of absorbent for AV 17,
pea shells charcoal has shown maximum monolayer
concentration 44.48 mg/gm of absorbent for AR 119
and used tea leaves for has shown maximum mono-
layer concentration 126.53 mg/gm of absorbent for
AB 15, wheat straw charcoal has shown maximum
monolayer concentration 72.81 mg/gm of absorbent
for AR 119. From the results in Table 3, it could be
concluded that the sorption isotherms of all the five
dyes followed the Langmuir and Freundlich models.
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Hall et al®, have suggested a dimensionless equilibri-
um parameter namely R, in order to reveal the es-
sential characteristic of Langmuir isotherm relating R
with Langmuir constant b and the initial concentra-
tion of the adsorbate solution, C, i.e. R = 1/ (1+bC,)
the value of R were determined in all cases, the val-
ues of R were between zero and one which indicate
highly favourable adsorption and applicability of
Langmuir isotherm also.

Rate constant values of all the systems were also cal-
culated by using the equation i.e. In C,/C. = kt ,
alongwith t % (t* = 0.693/k) values. The surface resi-
dence times were large indicating strong binding to
the surface active site indicating a very favourable
adsorption phenomenon in all the cases.

Effect of sorbent dose

The effect of sorbent dose on the removal ratios of

R value Type of isotherm dyes are shown in Fig. 4 The percentages of dyes
R>1 Unfavourable sorbed increased as the sorbent dose was increased
R=1 Linear over the range 1.0 — 10 g/l. The adsorption of dyes

R=0-1 Favourable increased from 29 to 98.9%, from 33 to 99.5%, 16 to
R=0 Irreversible 98.7%, 40 to 99.0% and 25 to 97.7% in AR 119, AB15,
AV54, AV49 and AV17, respectively using rick kiln
ash (Fig. 4).
120
100
@
> a0 4 ——AR11D
i —=— AR5
% B0 FINVLY
@ A4D
2 40 —— BT
=
20
I:I T T 1
1] 5 10 15
Sorbent dosage (g/1)

Fig. 4 Effect of sorbent dose on adsorption of acidic dyes using brick kiln ash

Similar increasing trend from minimum 20 to maximum
99.7% was observed with all other adsorbents. Increase
in adsorption with the sorbent dose could be attributed
to increased surface area and the availability of more
sorption sites. This observation is consistent with Lang-
muir hypothesis of an increasing competition among
adsorbent particles for organic substances with increas-
ing number of adsorbent particles per unit volume.** In
all the dyes, the ratios of dye sorbed had approached
maximum values when sorbent dose of 5 g/l was used.
So, in other parameter experiments, adsorbent amount
of 5.0 g/l was chosen.

Effect of ion strength

The effect of ion strength on adsorption of dyes were
tested by the addition of sodium chloride to the solu-
tion. The concentration of NaCl used ranged from 0 to
0.5 M. As seen in Fig. 5, (which is for study on brick kiln
ash) increasing the ion strength of solution caused de-
crease in adsorption percentages of dyes. This could be
attributed to inhibition for the nearness of dye
molecules and sorption sits.
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Fig. 5 Effect of ion strength on adsorption of acidic dyes using brick kiln ash

From the results in Fig. 5, it could be concluded that
the smaller the dye molecule weights, the larger the ef-
fects of ion strength on dye adsorption. Similar type of
interference on the percentage adsorption was ob-
served with other adsorbents also.

Economical Analysis

All the adsorbents used in the present study are of low
cost. If the cost analysis of these adsorbents is per-
formed then it can be seen that all these adsorbents
are available in large amount in India and that too free
of cost. The cement kiln and brick kiln plants are find-
ing it difficult to dispose off their ash, so a large
amount of ash can be collected from these plants free
of cost. The other adsorbents are also available as
waste in the market. The method of manufacturing
charcoal from the adsorbents is very simple. A simple
closed iron box with small hole can be used, in which
the adsorbent material can be filled and then slowly
heated on fire in low supply of oxygen. So from eco-
nomical point of view the use of these adsorbents is
very beneficial and effective in removing acidic dyes
from the aqueous solutions.

Conclusion

The present study showed that all the materials are
promising adsorbents for the removal of acidic dyes
from aqueous solutions, since all the raw material were
easily available in large quantity and the treatment
methods of biomaterial and other adsorbents seemed
to be economical. At initial basic pH all the five acidic

dyes studied could be removed effectively. The isother-
mal data of adsorption followed both Langmuir and
Freundlich models. The adsorption capacities of all the
adsorbents were found to be so good that their use for
removal of acidic dyes could be effective and economi-
cal.

References

1. Ramakrishna KR, Viraraghavan T. Dye removal
using low cost adsorbent. Water Sci. Technol.
1997;36:189..

2. Chagas EP, Durrant LR. Decolourization of azo
dyes by Phanerochaete chrysosporium. Enzyme
Microb. Technol. 2001:29:473.

3. Malik PK. Use of activated carbon prepared from
sawdust and rice husk for adsorption of acid
dyes: a case study of acid yellow 36. Dyes Pig-
ments. 2003;56:239.

4. Nigam P, Armour G, Banat I, Singh MD, Mer-
chant R. Physical removal of textile dyes from ef-
fluents and solid-state fermentation of dye-ad-
sorbed agriculture residues. Bioresour. Technol.
2000;72:219.

5. Seshdari S, Bishop PL, Agha AM. Anaerobic-aero-
bic treatment of selected azo dyes in wastewa-
ter. Waste Manag. 1994;15:127.

6. Namasivayam C, Radhika R, Suba S. Uptake of
dyes by a promising locally available agricultural
solid waste: coir pith. Waste Manage.
2001;21:381.

7.  Mckay G, Allen SJ, Meconney IF, Ottrburn MS.
Transport processes in the sorption of coloured

OJHAS Vol 6 Issue 3(3) - Sumaniit, Walia TPS, Kaur R. Removal of health hazards causing acidic dyes from aqueous solutions by the process of adsorption

http://ojhas.org 9



vAy
-

has

X

ff Health and Alled Sciences

Ol Journal .

2

10.

11.

13.

15.

17.

18.

19.

20.

21.

22.

23.

ions by peat particles. J. Colloid. Interface Sci.
1981;80(2):323.

Mckay G. Adsorption of dyes from aqueous solu-
tions with activated carbon I: equilibrium and
batch contact — time studies. J. Chem. Technol.
Biotechnol. 1982;32:759.

Mckay G, Ottrburn MS, Sweeney AG. The re-
moval of colour from effluents using various ad-
sorbents -Ill silica: rate processes. Water Res.
1980;14:15.

Mckay G, Blair HS, Gardener JR. Adsorption of
dyes on chitin. I. Equilibrium studies. J. Appl.
Polym. Sci. 1982;27:3043.

Wong YC, Szeto YS, Cheung WH, Mckay G. Ad-
sorption of acid dyes on chitosan-equilibrium

isotherm analyses. Process. Biochem.
2004;39:693.
Dogan M, Alkan M. Adsorption kinetics of
methyl violet onto perlite. Chemosphere.
2003;50:517.

El-Geundi MS. Homogeneous surface diffusion
model for the adsorption of basic dyestuffs onto
natural clay in batch adsorbers Adsor. Sci. Tech-
nol. 1991;8:217.

Nassar MM, Ashour EA, Magdy YH. Dye adsor-
bent bagasse, a new potential source of energy
conversion, Proceedings 5th International Con-
ference on Energy and Environment, Cairo,
Egypt. 1996;993.

Sumanjit Kaur, Lark BS, Parveen Kumar. Chemi-
cal oxygen demand reduction of some dyes us-
ing fly ash an adsorbent J. Environ. Polln.
1998;5:59.

Mall ID, Upadhyay SN. Removal of basic dyes
from wastewater using boiler bottom ash. Ind. J.
Environ Health. 1995;37(1):1-10.

Mall ID, Upadhyay SN. Treatment of methyl vio-
let bearing wastewater from paper mill effluent
using low cost adsorbents. J. Indian Pulp Paper
Technol. Assoc. 1995;7(1):51.

Malik PK. Use of activated carbon prepared form
sawdust and rice-husk for adsorption of acid
dyes: a case study of acid yellow 36. Dyes Pig-
ments. 2003;56:239.

Sumanjit Kaur, Prasad N. Adsorption of dyes on
rice husk ash. Ind. J. Chem. A. 2001;40A:388.
Allen S). Equilibrium adsorption isotherms for
peat. Fuel. 1987;66:1171.

Namasivayam C, Prabha D, Kumutha M. Removal
of direct red and acid brilliant blue by adsorp-
tion onto banana pith. Bioresor. Technol.
1998;64:77.

Namasivayam C, Muniasami N, Gayathri K, Rani
M, Rananathan K. Removal of dyes from aque-
ous solutions by cellulosic waste orange peel.
Bioresour. Technol. 1996;57:37.

Sumanijit Kaur, Prabhpreet Singh. Eichhornia ash
as an adsorbent for colour reduction of acid

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

dyes from solutions.  Colourage.
2007;54(3):52.

Sumanjit Kaur, Navneet, Prabhpreet Singh. Saw
dust as an adsorbent for colour reduction of
dyes from aqueous solutions. J. Environ. Polln.
2001;8:229.

Sumanjit Kaur, Kamaldeep Paul. Reduction of
chemical oxygen demand from aqueous solu-
tions using saw dust as an adsorbent. Polln. Res.
2001;2(4):557.

Sumanijit Kaur, Manpreet Kaur. Adsorption of
dyes on unconventional adsorbents. J. Environ.
Polln. 1999;6:173.

Pollard SJT, Fowler GD, Sollars CJ, Perry R. Low
cost adsorbents for waste and wastewater treat-
ment: a review. Sci. Total Environ. 1992;116:31.
Mall ID, Upadhyay SN, Sharma YC. A review on
economical treatment of wastewaters and efflu-
ents by adsorption. Int. J. Environ. Stud.
1996;51:77.

Bailey SE, Olin TJ, Bricka RM, Adrian DD. A re-
view of potentially low cost sorbents for heavy
metals. Water Res. 1999;33(11):2469.

APHA, 1995. Standard Methods for the Examina-
tion of Water and Wastewater. 16" ed: American
Public Health Association, Washington, DC.
Srivastava SK, Gupta VK, Dinesh Mohan. Kinetic
parameters for the removal of lead and chromi-
um from waste water using activated carbon
prepared from fertilizer waste material. J. Env.
Modeling Assessment. 1998;1:281.

Davies, Earl CH. Fundamentals of Physical Chem-
istry. Philadelphia: The Blakiston Company, 1940.
Hall HR, Eagletion LC, Pore T. Solid diffusion ki-
netics in fixed bed adsorption under constant
pattern conditions. Indian Engg. Chem. Fund.
1966;5:212.

Converti A, Borgi MD, Rovatti ML, Ferraiolo G,
Zillin. Fly ash as sorbent for COD and suspended
solid abatement from industrial wastewater.
Chem. Biochem. Eng. Q. 1992;6(4):195.

aqueous

OJHAS Vol 6 Issue 3(3) - Sumaniit, Walia TPS, Kaur R. Removal of health hazards causing acidic dyes from aqueous solutions by the process of adsorption

http://ojhas.org

10



