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Abstract

The waste distillery sludge from sugar-cane industry was pretreated physically (boiled, heated and autoclaved) as well as chemically (HCI,
H,S0,, H;PO,4, NaOH, Ca(OH),, Al(OH);, C¢Hg, HCHO, CH30H and C1,H,50SO;Na (sodium dodecyl sulphate (SDS)) for assessing the
comparative sorption capacity of untreated and modified distillery sludge for Pb(Il) biosorption from aqueous solutions. Experiments were
conducted in shake flasks on a batch basis to access the effect of different experimental parameters such as pH, biosorbent dosage, biosor-
bent size, initial Pb(II) concentration and contact time. The uptake capacity ‘g’ (mg/g) of untreated and pretreated distillery sludge was in
following order: NaOH (51.29 £ 1.21) >HCI (49.82 + 1.22) >HCHO (49.56 £ 1.14)>H,S0O, (47.71 £ 1.20) >HgCl, (45.32 £ 1.06) > Ca(OH),
(44.01 £1.18)>MeOH (43.73 + 1.23) > C¢Hg (42.72 £ 1.19) > H;PO4 (42.01 £ 1.17) > SDS (40.87 £ 1.27) > autoclaved (40.23 £ 1.24) > Boiled
(39.95 £ 1.19) > heated (38.87 £ 1.32) > Al (OH); (38.30 £ 1.14) > untreated (37.76 &£ 1.21). In further parameter studies, the optimized biosorbent
size was 0.250 mm at pH 5 and best dose was 0.05 g of biosorbent. The applicability of the Langmuir and Freundlich models for sorption process
was tested and best fitted model was Langmuir with the coefficient of determination (R?) value, 0.97, the process followed second order kinetic

mechanism.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Release of large quantities of heavy metals into the nat-
ural environment has resulted in a number of environmental
problems [1]. Industries such as smelters, metal refineries, and
mining operations have been indicated as major sources of
metal release into the environment [2-6]. Heavy metal con-
tamination that does get into the environment could cause
permanent negative ecological effects [6]. Pb(Il) is a potent
neurotoxic metal when present above 0.05mg/L in drinking
water [7]. Conventional technology for removing metals from
solutions includes precipitation in the form of oxides, hydrox-
ides, carbonates, or sulphides, and separation by settling. This
approach, however, has several limitations, such as inefficient
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precipitation when metals are present as anions or are com-
plexes, final concentration imposed by the solubility product,
and formation of unsettleable particles [8]. It has long been rec-
ognized that adsorption is capable of removing metals in a wider
pH range and to much lower levels than precipitation [9-21].
Other more expensive physico-chemical treatments, such as
redox reactions or ion exchange, are justified only for partic-
ular recoveries. It has been demonstrated that biosorption is a
potential alternative to traditional treatment processes of metal
ions removal [22-25]. Biosorption utilizes the ability of biolog-
ical materials to accumulate heavy metals from waste streams
by either metabolically mediated or purely physico-chemical
pathways of uptake [26]. Recent biosorption experiments have
focused attention on waste materials which are by-products or
the waste materials from large scale industrial operations, e.g.
the waste mycelia available from fermentation processes, acti-
vated sludge from sewage treatment plants [13], biosolids [14],
aquatic macrophytes [15], etc. The sugar industry is facing var-
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ious challenges including deterioration of environment due to
its industrial activities. The most important environmental chal-
lenge for the sugar mills is associated with solid waste. All the
major departments in sugar manufacturing: mill house, process
house, and powerhouse and boiler house and for production of
industrial alcohol, the distillery stages are responsible for the
waste generation. The main source of pollution from distilleries
is the spent wash, which is produced as a result of fermentation
and distillation of the molasses. The spent wash is acidic in char-
acter having very high BOD (40,000-50,000 mg/L) and COD
(10,000-125,000 mg/L). The most of solid waste generated by
sugar mills are used for land fills. In recent years, considerable
attention has been devoted to study the use of industrial wastes
as adsorbents [27]. The biological wastes can be further mod-
ified to enhance their sorption capacity [2,3]. However, effect
of pretreatment on the sorption ability of biosorbents until now
is not extensively studied. It has been reported in literature that
metal affinity to the biomass can be manipulated by pretreat-
ing the biomass with alkalies and acids, which may increase
the amount of the metal sorbed [2,3,28,29]. However, there was
not single comparative study on effect of physical and chem-
ical pretreatments on uptake capacity of biomass. Moreover,
the effect of physical pretreatments and other chemicals such
as CH30H, HgCl,, HCHO and CgHg is not reported in litera-
ture. In this regard the main objective of present study was to
evaluate the effect of pretreatment of distillery sludge for the
uptake of Pb(Il) from aqueous solutions. The other objectives
of this study include identifying the maximum theoretical Pb(II)
uptake capacities of the untreated and modified distillery sludge,
determining the reaction kinetics and evaluating the effects of
various operational parameters such as solution pH, sobent dose,
sorbent particle size and initial metal concentration on Pb(II)
uptake.

2. Materials and methods
2.1. Biosorbent

Waste distillery sludge samples were collected from Sharkar-
gunj Sugar Mill Jhang, Pakistan. All samples were dried
overnightin an oven at 105 °C both before and after pretreatment
which provided a biomass source of extended shelf life. The
Pb(II) uptake capacity was tested using physical and chemical
pretreatment of distillery sludge biomass. Biosorbent was phys-
ical modified by heating (heated up to 50 °C in an electrical oven
for 24 h), boiling (100 g biosorbent/150 mL water) and autoclav-
ing (at 115 °C for 1 h). For chemical pretreatment, 100 g of finely
divided biomass was soaked in 150 mL of 0.1N HCI, H>SOyq4,
HNO3, NaOH, Ca(OH),, Al(OH)3, C¢Hg, HCHO, CH3OH and
C1,H750S03Na (sodium dodecyl sulphate (SDS)) for 6h at
150 rpm. The pretreated biosorbents were extensively washed
with deionized distilled water (DDW) and filtered thoroughly
until a pH 7+£0.1 was attained. Finally the resulting biomass
was oven dried for 48 h to constant weight. The dried samples
were grounded with a laboratory grinder and passed through
laboratory vibro-sieving machine (Octagon siever model: OCT-
DIGITAL 4527-01) prior to their testing for metal biosorption.

The fraction of particles between 0.25 to 1 mm was used in all
the experiments.

2.2. Chemicals

All the chemical reagents used in these studies were of ana-
lytical grade which were purchased from Fluka Chemicals. The
chemicals used in this study include HC1, H,SO4, HNO3, NaOH,
Ca(OH),, Al(OH)3, C¢Hg, HCHO, CH30H, C1,H,50S03Na
(sodium dodecyl sulphate (SDS)), Pb(NO3), and Pb(Il) atomic
absorption spectrometry standard solution.

2.3. Batch Pb(Il) uptake experiments

All glassware used for experimental purposes was washed
in 60% (v/v) nitric acid and subsequently rinsed with deionised
water to remove any possible interference by other metals. Stock
Pb(II) solution (1000 mg/L) was prepared by dissolving 1.598 g
Pb(NO3);, in 100 mL of deionized distilled water (DDW) and
diluting quantitatively to 1000 mL using DDW. The pH of stock
solution was 4.75. The solutions of different concentrations were
prepared by adequate dilution of the stock solution with DDW.
Batch tests were carried out in 250 mL shake flasks at 30 °C
and 150 rpm up to 24 h. 100 mg/L of Pb(IlI) ions at pH 5 was
initially used at a biomass level 0.5 g/L in order to preliminarily
screen the capability of distillery sludge to remove the Pb(I)
ions in 100 mL of solution. For adjusting the pH of the medium
0.1N solutions of NaOH and HCl were used. Additional tests
were then carried out increasing starting metal concentration,
biomass amount, biosorbent particle size and time in order to
check the possible maximum removal of Pb(II). Control assay
was accompanied with each experiment.

2.4. Analytical procedures

Samples were filtered through 0.2 pm-Millipore filters in
order to remove solid particles and then were analyzed to
determine the ion concentration by an atomic absorption spec-
trophotometer (Model: AAnalyst 300, Perkin—Elmer). Sorption
capacity “g” is the amount of metal ion (mg) biosorbed per g
(dry weight) of biomass. X, (¢max) i the maximum amount of
metal which can be up taken by biosorbent. In simple words, g
is the adsorption capacity and its maximum value is known as
gmax. Maximum metal sorption capacity (q) was determined by
the decrease in metal concentration in the solution after addi-
tion of different amounts of biomass and equilibration. The ¢
value was calculated using the simple concentration difference
method [30]. The initial concentration, C, (mg/L) and metal
concentrations at various time intervals, C; (mg/L) respectively,
were determined and the metal uptake g (mg metal adsorbed/g
adsorbent) was calculated from the mass balance equation (Eq.

(D):
_ V(Ci—Ce)
- w

where V is the volume of the solution in mL and W is the mass
of the sorbent in g.
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2.5. Sorption isotherms

To examine the relationship between sorbed (g.) and aqueous
concentrations (C,) at equilibrium, sorption isotherm models are
widely employed for fitting the data, of which the Langmuir and
Freundlich equations are the most commonly used. The Lang-
muir parameters can be determined from a linearized form of
equation (Eq. (2)) [31-32] represented by:
Ce 1 Ce

= +
qe XmKy Xm

@

where g, is metal ion sorbed (mg/g), Ce (mg/L) is the equilibrium
concentration of metal ion solution, X, (¢gmax) and Kp. (L/mg)
are the Langmuir constants. Xy, (¢max) is the maximum amount
of metal which can be up taken by biosorbent.

Adsorption-partition constants were determined for Pb(Il)
using the following log form of the Freundlich isotherm [33-34]
(Eq. (3)):

log ge = %log Ce +1log K 3)

where ¢, is metal ion sorbed (mg/g), C. (mg/L) is the equilib-
rium concentration of metal ion solution, mg/L, K and n are
constants. The constants K (mg/g) and 1/n were determined by
linear regression from the plot of log g, against log Ce.

2.6. Kinetic models

Kinetic studies of metal adsorption by the biosorbents were
developed in order to determine the minimum necessary time
to achieve the sorption equilibrium. Two different kinetic mod-
els were applied to evaluate the sorption data of Pb(II) onto
untreated and pretreated distillery sludge biomass. The lin-
eraized form of pseudo first-order Lagergren model is generally
expressed as (Eq. (4)) [29];

k adas
log (g — q) = [1og de — {(21333”}] )

The pseudo-second-order model is based on the assumption
that biosorption follows a second order mechanism. The pseudo-
second-order equation (Eq. (5)) is [29];

t . 1 4 t )
g  kaaasq?  a

where g, is the mass of metal adsorbed at equilibrium (mg/g), g;
the mass of metal at time ¢ (min), kj 445 the first-order reaction
rate constant of adsorption (per min), k7 a4s is the pseudo-second-
order rate constant of adsorption (mg/g min).

2.7. Statistical analysis

All data represents the mean of three independent experi-
ments. Error bars shown in figures represents mean £ S.D. All
statistical analysis was done using Microsoft Excel, 2004, ver-
sion Office Xp (Microsoft Corporation, USA).

3. Results and discussion
3.1. Effect of solution pH

Solution pH is considered as an important parameter affecting
biosorption of heavy metal ions [1-3,35-38]. The site disso-
ciation and solution chemistry of the heavy metals such as
hydrolysis, complexation by organic and/or inorganic ligands,
redox reactions and precipitation are strongly influenced by pH
and, on the other side, strongly influence the speciation and the
biosorption availability of the heavy metals [39]. A significant
increase in Pb(II) uptake per weight of biomass was obtained
as the pH increased from 2 to 5 (Table 1). Maximum biosorp-
tion capacity of untreated and pretreated distillery sludge was
observed at pH 5. Similar results have been reported by other
researchers [40,41]. At low pH, the overall surface charge on
the biomass cells should be positive, which should prevent the
binding of positively charged metal ions. These findings imply
that the functional groups on the biomass cell walls and their
ionic states at these pHs determine the extent of biosorption.
The other important reason is that at lower pH values, the cell
wall ligands would be closely associated with the hydronium
ions (H30™) that restrict access to ligands by metallic ions as
a result of repulsive forces. This repulsion is stronger at lower
pH. On increasing pH, more ligands (carrying negative charges)
would be exposed with the subsequent attraction of positively
charged metal ions. The pH effect may be further explained in
relation to the competition effect between the hydronium ions
and metal ions. Metal ions that could associate with the cell wall
ligands would have to compete with the hydronium ions for the
active sites. At low pH values, the concentration of H3O" far
exceeds that of metal ions and hence, occupied the binding sites
on the cell walls, leaving metal ions unbound. When the pH was
increased, the competing effect of hydronium ions decreased
and the positively charged metal ions took up the free binding
sites. The metal uptake was hence increased [42].

Table 1
Effect of pH on the sorption capacity, q (mg/g) of untreated and pretreated
distillery sludge for the uptake of Pb(II)

Biosorbent pH?2 pH3 pH 4 pHS

Untreated 2391 £ 1.14 2524 £ 1.11 2811 £ 1.10 37.76 £ 1.21
Boiled 2898 &+ 1.12 3413 £1.09 3754 +1.22 3995+ 1.19
Heated 29.53 £ 1.23 3149 £ 1.15 33.47 & 1.31 38.87 & 1.32
Autoclaved 28.17 £ 1.11  33.72 £ 1.17 3631 &+ 1.15 40.23 £ 1.24
HCI 3253 £ 1.12 3941 £1.14 4530 £ 1.23 4982 £ 1.22
H>S04 3145 £ 1.15 4059 £ 1.13 4329 £ 121 47.71 £ 1.20
H3PO4 3032 £ 1.08 37.59 £ 1.13  39.67 £1.20 42.01 £ 1.17
NaOH 29.53 £ 1.05 40.62 £1.08 47.79 +£1.07 51.29 +1.16
Ca(OH), 3031 £ 1.12 3952 £1.20 4127 £1.19 44.01 £ 1.18
AI(OH)3 2753 £ 1.14 3397 £1.13 36.75 + 1.11 3830 + 1.14
MeOH 26.14 £ 1.08 34.66 = 1.17 39.89 &+ 1.07 43.73 + 1.23
HgCly 2694 & 1.04 3654 £1.06 4041 +1.21 4532+ 1.06
HCHO 27.45 £ 1.11  39.87 £ 1.09 44.19 &£ 1.01 49.56 &+ 1.14
CeHg 2512 +£0.19 32.09 £ 120 38.88 +£1.21 4272+ 1.19
SDS 2632+ 0.09 3514 £1.15 3753 £1.23 4087 &£ 1.27

Experimental conditions: sorbent dose=0.5 g/L, sorbent particle size=0.250
mm, initial metal concentration=100mg/L, temperature=30°C, shaking
speed = 120 rpm, contact time =24 h.
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Pretreatment of distillary sludge

Fig. 1. Physical and chemical modification of distillery sludge for uptake of Pb(II) from aqueous solutions. Experimental conditions: pH 5, sorbent dose =0.5 g/L,
sorbent particle size =0.250 mm, initial metal concentration = 100 mg/L, temperature =30 °C, shaking speed = 120 rpm, contact time =24 h.

3.2. Effect of pretreatment on distillery sludge biomass

To evaluate the effect of pretreatment on biomass, 100 mg/L
Pb(II) solution was shaken at 120 rpm with 0.5 g/L. of biosor-
bent having size 0.255 mm at pH 5 for 24 h. Uptake capacity
of distillery sludge was significantly increased after pretreat-
ment (Fig. 1.). Physical and chemical pretreatments of biomass
were resulted in increase in uptake capacity of distillery sludge
biomass (Fig. 1). Physical modification of biomass such as
boiling and autoclaving remove mineral matter from biomass
and introduce more sorption sites on biomass surface. Heat-
ing of biomass, results in decomposition of organic matter,
which results in increase in biomass metal sorption capac-
ity due to availability of more biosorption sites. The increase
was attributed to the exposure of the latent binding sites
after pretreatment [43]. Preheating of biomass could cause a
loss of amino-functional groups from its surface through the
nonenzymic Browning reaction. Amino-functional groups are
among the functional groups in the composition of polysac-
charides which contribute to the binding of heavy metals
[44-46].

Acids can enhance uptake capacity of biomass by increas-
ing the surface area and porosity of original sample [3,29,47].
Bioadsorption capacity was significantly enhanced as a result
of alkali pretreatment. Alkali treatment of biomass may destroy
autolytic enzymes that cause putrefaction of biomass and remove
lipids and proteins that mask reactive sites [48—50]. Removal of
impurities from surface and after rupturing of cell-membrane
is reason behind the increase in metal uptake capacity of
biomass after basic pretreatment [3,48,49,51,52,28]. NaOH
treated distillery sludge showed maximum enhancement in
biosorption of Pb(II). NaOH pretreatment could rupture the
biomass cells which could release polymers such as polysac-
charides that have a high affinity towards certain metal ions
[52,53,44].

3.3. Effect of biosorbent dose

The influences of the amounts of untreated and pretreated dis-
tillery sludge doses are shown in Fig. 2. It can be concluded from
obtained results that Pb(II) loading capacity on waste distillery
sludge biomass was greatly influenced by the initial concen-
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Fig. 2. Effect of biosorbent dosage on removal of Pb(II) from aqueous solutions by untreated and modified distillery sludge. Experimental Conditions: pH 5, sorbent
particle size = 0.250 mm, initial metal concentration = 100 mg/L, temperature =30 °C, shaking speed = 120 rpm, contact time =24 h.
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Fig. 3. Effect of biosorbent particle size on uptake of Pb(II) from aqueous solutions by untreated and pretreated distillery sludge. Experimental conditions: pH 5,
sorbent dose =0.5 g/L, initial metal concentration = 100 mg/L, temperature = 30 °C, shaking speed = 120 rpm, contact time =24 h.

tration of dried biomass used. The maximum Pb(II) adsorption
was achieved with a biomass concentration of 0.5 g/L. and sorp-
tion capacity declined smoothly with increase in biomass level
[55]. The decrease in uptake capacity of untreated and modi-
fied distillery sludge for Pb(II) removal from aqueous solutions
may be attributed to overlapping or aggregation of adsorption
sites resulting in a decrease in total adsorbent surface area.
Similar result has been reported by Pal et al. [54] and Kahra-
man et al. [55]. With appropriate ratio of biomass quantity
per volume of heavy metal (0.5 g of sorbent/litre of metal ion
solution, in present case) depuration higher than 80% can be
obtained.

3.4. Effect of particle size of biosorbent

The effect of altering the sorbents particle size on the sorp-
tion capacity, g (mg/L) is shown Fig. 3. The figure illustrated that
the more finely grounded biomass more rapidly up took Pb(II)
ions, and the equilibrium was reached faster than those achieved
with the large particle sized biomass. This was most probably
due to the increase in the total surface area which provided

100 -

90 4

q (mg/g)

10

more sorption sites for the metal ions. The enhanced removal
of sorbate by smaller particles has been reported previously
[1-3,10].

3.5. Effect of initial metal ion concentration

The metal removals by untreated and pretreated distillery
sludge corresponding to different initial metal concentrations
(25, 50, 100, 200, 400 and 800 mg/L) are shown in Fig. 4.
The parameters such as contact time (24 h), volume of solu-
tion (100 mL), particle size (0.250 mm) and biomass loading
(0.5 g/L) were kept constant. In general, the data revealed that
sorption capacity increased with increase in initial metal ion
concentration on biosorbent (Fig. 4). This sorption character-
istic represented that surface saturation was dependent on the
initial metal ion concentrations. The binding sites are limited
keeping biomass loadings as constant. On increasing metal con-
centration, the percentage of metal removed decrease due to
diminishing loading capacity of biomass. Data fitted with Lang-
muir and Freundlich isotherm models is tabulated in Table 2.
The R? and gmax values suggested that the Langmuir isotherm

— <% — Native

= 8 - - Autoclaved
— &y — HCI

= % - -NaOH
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——5DS

0 100 200 300 400
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500 600 700 800 9200

Fig. 4. Effect of initial metal concentration on sorption of Pb(II) from aqueous solutions by untreated and modified distillery sludge. Experimental conditions: pH
5, sorbent dose =0.5 g/L, sorbent particle size =0.250 mm, temperature =30 °C, shaking speed = 120 rpm, contact time =24 h.
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Table 2
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Langmuir and Freundlich isotherm parameters for Pb(II) uptake untreated and pretreated distillery sludge

Biosorbent Langmuir isotherm parameters Experimental value Freundlich isotherm parameters
Xin (gmax) (mg/g) Ky, (L/mg) R gmax (Ng/g) gmax (Mg/g) K (mg/g) R? 1/n

Untreated 71.43 0.0188 0.9833 67.02 66.82 16.25 0.9073 0.2128
Autoclaved 81.30 0.0170 0.9803 75.62 74.63 16.83 0.8981 0.2244
HCl 85.47 0.0235 0.9954 81.04 88.45 16.08 0.9704 0.2565
NaOH 91.74 0.0219 0.9838 87.14 84.94 2491 0.9079 0.1851
HCHO 85.47 0.0189 0.9802 81.74 75.85 24.29 0.8907 0.1717
SDS 74.63 0.0228 0.9928 70.82 70.81 19.31 0.9196 0.1957

Experimental conditions: pH 5, sorbent dose =0.5 g/L, sorbent particle size=0.250 mm, initial metal concentration =25-800 mg/L, temperature =30 °C, shaking

speed = 120 rpm, contact time =24 h.

Table 3

Comparison between Lagergren pseudo-first-order and pseudo-second-order kinetic models for Pb(Il) uptake from aqueous solutions using untreated and pretreated

distillery sludge

Pretreated biosorbent with Pseudo-first-order kinetic model

Experimental value Pseudo-second-order kinetic model

qe (mg/g) K ads (minil) R? qe (mg/g) qe (mg/g) K> ads (g/mg min) R?
Untreated 4.29 8.52x 1073 0.7447 37.76 38.02 7.28 x 1073 0.9995
Autoclaved 4.15 598 x 1073 0.7939 40.23 40.49 6.50 x 1073 0.9992
HC1 4.59 6.91 x 1073 0.6882 49.82 50.25 6.25x 1073 0.9995
NaOH 12.13 1.35x 1072 0.9625 51.29 52.35 3.17x 1073 0.9996
HCHO 12.84 1.75x 1072 0.9570 49.56 50.76 334 %1073 0.9999
SDS 8.92 1.12x 1072 0.9361 40.87 41.67 3.62x 1073 0.9992

Experimental conditions: pH 5, sorbent dose=0.5g/L, sorbent particle size=0.250 mm, initial metal concentration=100mg/L, temperature =30 °C, shaking

speed = 120 rpm, contact time =up to 24 h.

describes the sorption process well as compared to model of
Freundlich.

3.6. Kinetic study for metal binding to distillery sludge

The experiments were conducted to determine the time
required for distillery sludge to bind the Pb(II) ions. The Pb(II)
ion uptake was rapid within first 30 min followed by slow sorp-
tion till equilibrium was reached. From this sorption behavior
of distillery sludge it can be concluded that Pb(II) ions uptake
by waste distillery sludge biomass followed a two-step mech-
anism where the metal ion was physically/chemically up taken
onto the surface of the biosorbent before being taken up into
the inner adsorption sites of dead cells [56,57]. The first step,
known as a passive surface transport, took place quite rapidly, i.e.
within 30 min whilst the second passive diffusion step transport,
could take much longer time to complete [10,17,58]. The fast
metal uptake (within first 30 min) observed for distillary sludge
is of particular importance to process design and operation in
practical uses. The mechanism of biosorption and potential rate
controlling steps, such as mass transport and chemical reaction
procedures, must be investigated to properly understand adsorp-
tion kinetics. When the biomass is employed as a free suspension
in a well-agitated batch system, the effect of external film dif-
fusion on biosorption rate can be assumed not significant and
ignored in any kinetic analysis.

A comparison between Lagergren pseudo-first-order and
pseudo-second-order kinetic models are tabulated in Table 3.

The second-order rate model has received considerable atten-
tion as a tool for quantitatively predicting the uptake of metals
from aqueous solutions. In addition to high value of coefficient
of determination (R?), a close agreement between experimental
and estimated g, values suggests that sorption process followed
second order mechanism. In this model, the rate-limiting step is
a biosorption mechanism involving chemisorption, where metal
removal from solution is due to purely physico-chemical inter-
actions between biomass and metal solution [59].

4. Conclusions

The biosorption of Pb(II) using dried untreated and pre-
treated distillery sludge biomass was evaluated here. The
Pb(II) sorption was found dependent on solution pH, biosor-
bent particle size, biosorbent dosage, initial concentration of
metal ion being sorbed and contact time. The pretreatment of
biomass resulted in significant increase in sorption capacity.
Furthermore, chemical modifications of distillery sludge were
found more effective in comparison to physical pretreatments.
The sorption isotherms followed the Langmuir type suggest-
ing monolayer sorption character. The sorption of Pb(II) ions
rapidly occurred within first 30 min followed by slow diffu-
sion controlled step till the equilibrium was reached. This work
illustrated an alternative solution for the management of the
distillery sludge (an industrial waste and unwanted biological
material) as biosorbent for the removal of Pb(I) from aqueous
streams.
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