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a b s t r a c t

This work presented conditions for Cu(II) and Zn(II) removal using native, physically and chemically pre-
treated Rosa gruss an teplitz (red rose) distillation sludge. Cu(II) and Zn(II) sorption was found dependent on
solution pH, biosorbent dose, biosorbent particle size, shaking speed, temperature, initial concentration of
metal ions being sorbed and contact time. Physical and chemical pretreatments of biomass resulted in an
increase or decrease in metals uptake capacity. The effect of different pretreatments is discussed in detail.
Highest Cu(II) and Zn(II) biosorption capacities were observed for PEI + gluteraldehyde (68.64 mg/g) and
eywords:
ed rose
istillation sludge
u(II)
n(II)
sotherms
retreatments

NaOH (43.4 mg/g) pretreated biomass, respectively. The native biomass showed Cu(II) biosorption capac-
ity that was adequately described by Freundlich isotherm, whereas Zn(II) biosorption phenomenon was
described by Langmuir isotherm. The suitability of a pseudo-first-order chemical reaction for sorption
of Cu(II) and Zn(II) ions onto this biomass was apparent as this kinetic model described adequately the
largest part of the process.

© 2008 Elsevier B.V. All rights reserved.
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. Introduction

The majority of toxic metal pollutants are waste products of
ndustrial and metallurgical processes. Their concentrations have
o be reduced to meet ever increasing legislative standards. Accord-
ng to the World Health Organization (WHO), Zn(II) and Cu(II) are
mong the metals of most immediate concern. The effluents from
etal finishing processes may contain up to 10 mg/L heavy met-

ls [1]. Cu(II) is mainly employed in electric goods industry and
rass production. High levels of Cu can cause toxic effects like all
ther heavy metals although Cu(II) is an essential trace element.
u(II) may be found as a contaminant in food, especially shell-
sh, liver, mushrooms, nuts and chocolate. The presence of Cu(II)

ons cause serious toxicological concerns, it is usually known to
eposit in brain, skins, liver, pancreas and myocardium. Accord-

ng to Environmental Protection Agency (EPA) the concentration of
u(II)) in drinking water should not exceed 1.3 mg/L [2]. Zn(II) may

e found in wastewater discharges from acid mine drainage (AMD),
alvanizing plants, as a leachate from galvanized structures, natu-
al ores, and from municipal wastewater treatment plant discharges
1]. According to WHO more than 3 mg/L of zinc in drinking water

∗ Corresponding author. Fax: +92 41 9200764.
E-mail address: hnbhatti2005@yahoo.com (H.N. Bhatti).
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s unacceptable. Too much intake of Zn(II) can lead to respiratory
ncapacitation, as indicated by increased respiratory activity such
s breathing rate, volume and frequency of ventilation, coughing,
ecrease in oxygen uptake efficiency [3].

Conventional methods for removing metals from aqueous
olutions include chemical precipitation, chemical oxidation or
eduction, ion exchange, filtration, electrochemical treatment,
everse osmosis, membrane technologies and evaporation recov-
ry. These processes may be ineffective or extremely expensive
specially when metals in solution are in the range of 1–100 mg/L
4]. Another major disadvantage with conventional treatment
echnologies is the production of toxic chemical sludge and its dis-
osal/treatment becomes a costly affair and is not eco-friendly.
herefore, removal of toxic heavy metals to an environmentally safe
evel in a cost effective and environment friendly manner, assumes
reat importance [5]. Biosorption refers to different modes of non-
ctive metal uptake by biomass, where metal sequestration by cells
an take place through biosorption, ion exchange, coordination,
omplexation, etc. [6]. The major advantages of biosorption over
onventional treatment methods include, low cost; high efficiency;

inimization of chemical or biological sludge; no additional nutri-

nt requirement; possibility of regeneration of biosorbent and
etal recovery [7]. Both living and dead biomasses exhibit biosorp-

ion capacity. In addition, living cells are subject to the toxic effects
f heavy metals reaching a certain level, resulting in cell death. To

http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
mailto:hnbhatti2005@yahoo.com
dx.doi.org/10.1016/j.cej.2008.09.028
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vercome the disadvantages, non-viable or dead biomass is pre-
erred in removal of metal ions [8]. Modification of a biomass using
hysical pretreatment methods such as heating, autoclaving, freez-

ng, drying, boiling and chemical pretreatments such as using acids,
lkalis and organic chemicals showed enhancement or reduction in
etal biosorption [9].
Rosa gruss an teplitz (red rose) belongs to the class Bourbon. It is

mong one of the most extensively used flowers for steam distilla-
ion process. Biomass left after the extraction of rose oil and rose
ater using steam distillation is a waste material. In continuation
f our work on removal of heavy metals from aqueous solutions
1, 7, 8, and 9), the present study is aimed at selection of a low cost
iosorbents which can adsorb Zn(II) and Cu(II) from synthetic solu-
ions. Detailed batch studies with the selected biosorbent, red rose
istillation sludge, has been carried out in the present investiga-
ion. The effect of different experimental parameters such as pH,
iosorbent dose, biosorbent size, initial metal concentration, shak-

ng speed and contact time and various pretreatments on Zn(II) and
u(II) uptake capacity of R. gruss an teplitz waste biomass was also

nvestigated.

. Materials and methods

.1. Preparation of biosorbent

R. gruss an teplitz (red rose) biomass (distillation sludge) was
btained from Rose Laboratory, Institute of Horticultural Sciences,
niversity of Agriculture, Faisalabad, Pakistan, and was extensively
ashed with deionized distilled water (DDW) to remove partic-
late material from their surface, and sun dried. Dried biomass
as ground using food processor (Moulinex, France) and sieved

0.250–1.00 mm) by passing through sieving machine (Octagen
iever OCT-Digital 4527-01). Biosorbent was physically modified
sing heating (5 g of biosorbent was heated in oven at 60 ◦C for
0 min) and boiling (5 g of biosorbent/100 mL of H2O, boiled for
0 min). For chemical pretreatments, 5 g of biomass was soaked
n 100 mL of 0.1N HCl, 0.1N HNO3, 0.1N H2SO4, 0.1N NaOH,
.1N Al(OH)3, sodium alginate (50 mL), PEI + glutaraldehyde (50 mL
ach), 1% Moringa olifera, 2% calcium alginate (50 mL), 1% glu-
araldehyde (50 mL), 1% potash alum, 0.1N EDTA, 0.1N ethanol, 0.1N
enzene, 0.1N methanol, 0.1N formaldehyde, 1% PEI (50 mL), ace-
one, 1% �-carragnen, 1% Triton X-100 for 2 h. CO2 and H2S gas was
assed through 5 g of biomass soaked in 100 mL of DDW at the
ate of 10 mL/min for 10 min. All pretreated samples were allowed
o stand for an hour at 30 ◦C. Then they were extensively washed
ith distilled water (DDW) and filtered thoroughly. Finally the

iomass was oven dried at 30 ◦C for 48 h and ground with mor-
ar and pestle and kept in airtight jars. The biomass was digested
y wet digestion method (HNO3 + H2O2) to determine its mineral
omposition.

.2. Reagents

All the reagents used in this study were of analytical grade,
ncluding ZnSO4·7H2O and CuSO4·5H2O which were purchased
rom Fluka chemicals except M. olifera seed powder which was
urchased from Super Market, Faisalabad, Pakistan.

.3. Zn(II) and Cu(II) solutions
Stock Zn(II) solution (1000 mg/L) was prepared by dissolving
.41 g of ZnSO4·7H2O and stock Cu(II) solution (1000 mg/L) was
repared by dissolving 3.95 g of CuSO4·5H2O in 1000 mL of DDW.
he pH of stock solution of ZnSO4·7H2O was 3.71 and that of
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1
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uSO4·5H2O was 3.20. The solutions of different concentrations
ere prepared by adequate dilutions of stock solution with DDW.

.4. Batch biosorption studies

All glassware used for experimental purpose was washed with
0% (v/v) nitric acid and subsequently rinsed with DDW to remove
ny possible interference by other metals. Batch tests were carried
ut in 250 mL shake flasks to check the influence of starting metal
oncentration (25–800 mg/L), biomass concentrations (0.05, 0.1,
.2, 0.3 and 0.4 g per 100 mL), biosorbent particle size (0.250, 0.310,
.500, 0.710 and 1.00 mm), contact time (15, 30, 60, 120, 240, 480,
20, and 1440 min), temperature (30, 40, 50, 60 and 70 ◦C), shak-
ng speed (0, 50, 100, and 150 rpm) in order to check the possible

aximum removal of metal ions. Control assay was accompanied
ith each experiment. At the end of each experiment, flasks were

emoved from the shaker and solutions were separated from the
iomass by filtration through filter paper (Whatman no. 40, ash-

ess).
For adjusting pH of the medium 0.1N solutions of NaOH and HCl

ere used.

.5. Determination of Zn(II) and Cu(II) contents in solutions

Perkin-Elmer AAnalyst 300 Atomic Absorption Spectrometer
quipped with an air–acetylene burner and controlled by Intel per-
onal computer was used to determine concentrations of Cu(II) and
n(II) in aqueous solutions before and after sorption equilibrium
stablished. The analytical wavelengths used for Zn(II) and Cu(II)
ere: 213.9 and 327.4 nm, respectively.

.6. Metal uptake and % sorption

Cu(II) and Zn(II) uptake was calculated by simple concentration
ifference method. Uptake of Cu(II) and Zn(II) was calculated from
he mass balance equation [1]:

e = V(Ci − Ce)
m

here V is the volume of the solution (L), Ci is the initial concen-
ration (mg/L), Ce is the final concentration in solution (mg/L) and

is mass of the sorbent (g).
% sorption is given as

sorption = Ci − Ce

Ci
× 100

.7. Statistical analysis

Mean and standard deviation values were calculated from trip-
icate sets of experiments. All statistical analysis was performed
sing Microsoft Excel 2007, Version office Xp.

. Results and discussion

.1. Effect of pH

Experiments concerning the effect of pH on sorption were
arried out within pH range that was not influenced by metal pre-

ipitation (as metal hydroxide). The suitable pH ranges for two
etal ions were slightly different, i.e. experiments for Cu(II) sorp-

ion were performed at the pH range of 1–5 and for Zn(II) at pH of
–6. The biosorption of Cu(II) and Zn(II) on the R. gruss an teplitz (red
ose) distillation sludge biomass was observed to be the function of
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at higher aqueous atomic radius, metal ions need to diffuse to the
biomass surface by intraparticle diffusion and greatly hydrolyzed
ions will diffusion at a slower rate [14]. That is the reason that Cu(II)
was more adsorbed without shaking. It is evident from Fig. 4 that
ig. 1. Effect of pH on uptake of Cu(II) and Zn(II) by Rosa gruss an teplitz dis-
illation sludge. Experimental conditions: biosorbent dosage = 1 g/L, biosorbent
article size = 0.250 mm, initial metal conc. = 100 mg/L, contact time = 24 h, shaking
peed = 120 rpm, temperature = 30 ◦C.

olution pH (Fig. 1). The pH is an important parameter in biosorp-
ion from aqueous solution because it influences equilibrium by
ffecting the speciation of the metal ion(s), solubility of the metal
on(s), concentration of counter ions on functional groups of the
iomass and degree of ionization of the adsorbate during process
10,11]. In both instances, removal efficiency increased steadily with
H. The most adequate sorption pH was 5 for Cu(II) and 6 for Zn(II).
he increase in biosorption with increase in pH can be explained by
he fact that at low pH, the biosorbent surface became more pos-
tively charged thus reducing attraction between the biomass and

etal ions. These bonded active sites thereafter became saturated
nd was inaccessible to other cations [12]. Moreover, as the pH is
ncreased, the ligands (carboxyl, sulfhydryl, phosphate, etc. groups)

ould be exposed, increasing the negative charge density on the
iomass surface, resulting in greater attraction between metallic

ons and ligands [12].

.2. Effect of biosorbent dosage

For effective metal sorption, biosorbent dose is a significant
actor to be considered. It determines the sorbent–sorbate equi-
ibrium of the system [7]. It also determines the number of
inding sites available for biosorption [1]. The results demonstrated
hat the biomass concentration strongly affected the amount of

etal removed from aqueous solutions. Maximum biosorption was
chieved with a biomass concentration of 0.05 g/L for Cu(II) and
.1 g/L for Zn(II) (Fig. 2). Moreover, as the biomass concentration
ose, maximum biosorption capacity dropped, indicating poorer
iomass utilization (lower efficiency). Results could be explained
s a consequence of a partial aggregation, which occurred at high
iomass concentration giving rise a decrease of active sites. Similar
esults have been reported by Pal et al. [13] and Bhatti et al. [1].

.3. Effect of biosorbent size

The effect of altering the sorbents particle size on qe (mg/g) illus-
rated that the ground biomass more rapidly up took each metal ion,

nd equilibrium was reached faster than those achieved with the
arger particles of biomass (Fig. 3). This was because particles with
maller particle size allowed a faster contact between the metal
on and the binding sites [12]. The increase in the total surface area
rovided more sorption sites for metal ions [8].

F
t
b
s

ig. 2. Effect of biosorbent dosage on uptake of Cu(II) and Zn(II) by R. gruss an teplitz
istillation sludge. Experimental conditions: pH 5 for Cu(II) and 6 for Zn(II), biosor-
ent particle size = 0.250 mm, initial metal conc. = 100 mg/L, contact time = 24 h,
haking speed = 120 rpm, temperature = 30 ◦C.

.4. Effect of shaking speed

The uptake of Cu(II) and Zn(II) ions by R. gruss an teplitz (red rose)
istillation sludge was evaluated varying the agitation rate from
rpm (without agitation) to 150 rpm, aiming at determining the
ptimal shaking rate (Fig. 4). The optimal shaking rate for Zn(II) was
00 rpm while Cu(II) showed maximum biosorption without any
haking. Atomic radius of Cu(II) and Zn(II) is 1.27 and 1.33 Å, respec-
ively. Smaller the cation, greater is its radius in aqueous medium.
u(II) and Zn(II) sorption data revealed that waste rose biomass
orption capacity increased with decrease in hydrated radius of
etals ion in aqueous solutions. This sorption characteristic rep-

esented that surface saturation was dependent on the hydrated
adius of Cu(II) and Zn(II) cations, at lower hydrated radius of metal
on sorption sites took up the available metal more quickly however,
ig. 3. Effect of biosorbent size on uptake of Cu(II) and Zn(II) by R. gruss an
eplit distillation sludge. Experimental conditions: pH 5 for Cu(II) and 6 for Zn(II),
iosorbent dosage = 1 g/L, initial metal conc. = 100 mg/L, contact time = 24 h, shaking
peed = 120 rpm, temperature = 30 ◦C.
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ig. 4. Effect of shaking speed on uptake of Cu(II) and Zn(II) by R. gruss an teplitz dis-
illation sludge. Experimental conditions: pH 5 for Cu(II) and 6 for Zn(II), biosorbent
osage = 1 g/L, biosorbent particle size = 0.250 mm, initial metal conc. = 100 mg/L,
ontact time = 24 h, temperature = 30 ◦C.

he removal efficiency of Zn(II) increased significantly as agitation
peed increased from 0 to 100 rpm. Use of agitation speeds in excess
f 100 rpm resulted in decrease in removal efficiency. It is obvious
hat at lower agitation speed there was insufficient energy for Zn(II)
o permeate the intra particular surface for its biosorption by rose
aste biomass. Too much increase in agitation speed also regen-

rated the adsorbed ions from rose waste biomass surface Hence,
t can be postulated that effective agitation of rose waste biomass

aintained at a specific mass transfer in the batch reactor was one
f the key conditions for improving Zn(II) removal.
.5. Effect of initial metal concentrations

The rate of biosorption is a function of initial concentration of
etal ions, which makes it an important factor to be considered

or effective biosorption [1,7]. The apparent capacity of R. gruss an

l

w
c
c

ig. 5. Effect of initial metal concentration on uptake of Cu(II) and Zn(II) by R. gruss an t
iosorbent dosage = 1 g/L, biosorbent particle size = 0.250 mm, contact time = 24 h, shaking
g Journal 148 (2009) 434–443 437

eplitz for Zn(II) and Cu(II) metals was determined at the different
oncentrations. Fig. 5 indicates the relation between capacities and
etal ion concentrations, which shows that as metal ion concen-

ration increased the sorption capacity also increased. Maximum
emoval of Cu(II) and Zn(II) occurred at 800 mg/L. In general, data
ndicated that sorption capacity increased with increase in initial

etal ion concentration for metal on the biomass. This sorption
haracteristic indicated that surface saturation was dependent on
he initial metal ion concentrations.

.6. Equilibrium modelling

To describe the distribution of the solute in solid phase and
iquid phase at equilibrium conditions, it is necessary to express
he amount of solute adsorbed per unit weight of sorbent, q, as
function of the residual equilibrium concentration, Ce, of solute

emaining in solution. The expression of this relationship is termed
s biosorption isotherm, of which the Langmuir and Freundlich
quations are most widely used [9]. To get equilibrium data, ini-
ial Cu(II) and Zn(II) concentrations were varied while the biomass
eight in each sample was kept constant. The Langmuir parame-

ers (Fig. 6a) can be determined from a linearized form of equation
15]:

Ce

qe
= 1

XmKL
+ Ce

Xm
(1)

here qe is the metal ion sorbed (mg/g), Ce the equilibrium concen-
ration of metal ion solution, and Xm and KL are Langmuir constants.

Freundlich isotherm (Fig. 6b) is represented in the following
quation [16]:

(
1
)

og qe =
n

log Ce + log K (2)

here qe is the metal ion sorbed (mg/g), Ce the equilibrium con-
entration of metal ion solution (mg/L), and K and n are Freundlich
onstants. The constants K and 1/n were determined by linear

eplitz distillation sludge. Experimental conditions: pH 5 for Cu(II) and 6 for Zn(II),
speed = 120 rpm, temperature = 30 ◦C.
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ig. 6. (a) Langmuir model for uptake of Cu(II) and Zn(II) R. gruss an teplitz distillatio
ludge.

egression from the plot of log qe against log Ce. K is a measure
f the degree or strength of biosorption, while 1/n is used as an
ndication of whether biosorption remains constant or decreases

ith increasing adsorbate concentrations. The qmax value is the
aximum value of qe, which is important to identify which biosor-

ent has the highest metal uptake capacity and as such useful in

cale-up considerations. The R2 and qmax values (Table 1) for Cu(II)
uggested that the Freundlich isotherm described the sorption well
hich represents that multilayer of sorbate was formed on biosor-

ent. While for Zn(II) Langmuir isotherm described the sorption
ell which indicates that monolayer of sorbate was formed.

T
i
m
h
i

able 1
angmuir and Freundlich isotherm parameters for Cu(II) and Zn(II) uptake by Rosa gruss a

etal Langmuir isotherm parameters Experimen

qmax (mg/g) KL (L/mg) R2 qmax (mg/g

u(II) 116.28 4.1 × 10−3 0.8938 89.43
n(II) 84.74 8.9 × 10−3 0.9388 74.52
ge. (b) Freundlich model for uptake of Cu(II) and Zn(II) R. gruss an teplitz distillation

.7. Effect of temperature

The effect of temperature on the metal biosorption experiments
as investigated at five different temperatures. As seen from Fig. 7,
aximum equilibrium uptakes for Cu(II) and Zn(II) were found to

e at 30 ◦C. At higher temperatures, biosorption capacity decreased.

he decrease of equilibrium uptake capacity in the temperature
nterval of 40–70 ◦C meant that the biosorption processes of these

etal ions by R. gruss an teplitz was exothermic. This decrease at
igher temperatures may be due to damage of active binding sites

n the biomass [5].

n teplitz distillation sludge.

tal value Freundlich isotherm parameters

) qmax (mg/g) K (mg/g) 1/n R2

88.76 2.44 0.54 0.9594
64.11 10.54 0.27 0.7722
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ig. 7. Effect of temperature on uptake of Cu(II) and Zn(II) by R. gruss an teplitz
istillation sludge. Experimental conditions: pH 5 for Cu(II) and 6 for Zn(II),
iosorbent dosage = 1 g/L, initial metal conc. = 100 mg/L, contact time = 24 h, shaking
peed = 120 rpm, temperature = 30 ◦C.

.8. Effect of time

It was observed that the percentage uptake of Cu(II) and Zn(II)
ons by R. gruss an teplitz (red rose) distillation sludge increased

ith time and at 240 min reached a constant value where no more
ons were removed from the solution (Fig. 8). At this point, the
mount of ions being adsorbed onto the biosorbent was in a state
f dynamic equilibrium with the amount of ions desorbed from
he biosorbent. The state of time required to attain this state of
quilibrium was termed as the equilibrium time and the amount of
ons adsorbed at this equilibrium time reflected the maximum ions
iosorption capacity of the biomass under the particular condition.
.9. Kinetic modelling

A number of models with varying degrees of complexicity have
een developed to describe the kinetics of metal biosorption in
atch systems [17]. According to the kinetic model selection crite-

n
(
(
(
a

ig. 8. Effect of time on uptake of Cu(II) and Zn(II) by R. gruss an teplitz distillation sludge.
nitial metal conc. = 100 mg/L, contact time = 24 h, shaking speed = 120 rpm, temperature =
g Journal 148 (2009) 434–443 439

ia, several reaction-based and diffusion-based models were tested
or stimulation of the obtained experimental data. In this study
wo different kinetic models were used to adjust the experimental
ata. These kinetic models included pseudo-first-order Lagergren
Fig. 9a) and pseudo-second-order Lagergren (Fig. 9b).

The pseudo-first-order Lagergren model is expressed as in the
ollowing equation:

og(qe − q) = log qe − K1,ads

2.303
(3)

here qe (mg/g) and q are the amounts of adsorbed metal ions
n the biosorbent at the equilibrium and at any time t, respec-
ively, K1,ads (min−1) is the Lagergren rate constant of the first-order
iosorption. The pseudo-second-order model is based on the
ssumption that biosorption follows a second-order mechanism.
o, the rate of occupation of biosorption sites is proportional to the
quare of the number of unoccupied sites in the following equation:

t

q
= 1

K2,ads
q2

e + 1
qet

(4)

here K2,ads is the rate constant of second-order biosorption
g/(mg min)). The coefficient of correlation for first-order kinetic

odel for both Zn(II) and Cu(II) was nearly equal to 1 and the esti-
ated value of qe also agreed with the experimental one (Table 2).

oth factors suggest that the sorption of Zn(II) and Cu(II) ions fol-
owed the pseudo-first-order kinetic model.

.10. Effect of pretreatment

The results of pretreatment of R. gruss an teplitz (red rose) dis-
illation sludge with different reagents are shown in Fig. 10a and
. The q values (mg/g) of non-treated, physically and chemically
odified R. gruss an teplitz (red rose) distillation sludge were in

he following order: PEI + gluteraldehyde (68.64) > formaldehyde
50.64) > NaOH (50.04) > �-carragnen (49.04) > sodium algi-

ate (44.92) > H2SO4 (39.44) > Triton X-100 (32.72) > Al(OH)3
27.44) > PEI (27.5) > ethanol (27.2) > ammonium sulphate
25.22) > M. olifera seed powder (24.32) > HCl (23.3) > CaCl2
22.82) > boiled (22.48) > heated (21.89) > EDTA (21.05) > calcium
lginate (20.7) > native (19.75) > CO2 (18.44) > H2S (14.12) > benzene

Experimental conditions: pH 5 for Cu(II) and 6 for Zn(II), biosorbent dosage = 1 g/L,
30 ◦C.
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ig. 9. (a) Pseudo-first-order Lagergren model for uptake of Cu(II) and Zn(II) by R. g
u(II) and Zn(II) by R. gruss an teplitz distillation sludge.

12.14) > acetone (9.32) > methanol (9.2) > glutaraldehyde
8.9) > HNO3 (7.76) > potash alum (3.8). Zn(II) sorption capac-
ty (mg/g) of R. gruss an teplitz (red rose) distillation sludge
retreated physically and chemically was in the follow-

ng order: NaOH (43.4) > glutaraldehyde (38.5) > �-carragnen
36.26) > formaldehyde (35.77) > acetone (33.18) > benzene
32.48) > CO2 (32.06) > Na-alginate (30.46) > PEI + glutaraldehyde
27.9) > Ca-alginate (27.71) > M. Olifera (27.56) > PEI (26.26) > CaCl2
25.4) > Al(OH)3 (24.28) > EDTA (24.13) > Native (22.95) > H2S
22.18) > boiled (21.62) > ammonium sulphate (21.2) > HCl
20.78) > heated (19.66) > H2SO4 (17.42) > Triton X-100

17.42) > potash alum (12.87) > nitric acid (11.26) > methanol
9.51) > ethanol (8.64) as indicated in Fig. 10b.

All physical modifications increased the Cu(II) and decreased the
n(II) biosorption capacity of the biomass. Physical modifications of
iomass removed minerals and organic matter from biomass. Boil-

H
b
t
u
t

able 2
agergren pseudo-first-order and pseudo-second-order kinetic models for uptake of Cu(I

etal Pseudo-first-order kinetic model Experi

qe (mg/g) K1,ads (min−1) R2 qe (mg

u(II) 61.36 6.9 × 10−4 0.9991 71.24
n(II) 36.42 2.8 × 10−3 0.9975 49.21
teplitz distillation sludge. (b) Pseudo-second-order Lagergren model for uptake of

ng removed the mineral matter by dissolving it whereas heating
emoved the organic and mineral matter by decomposing it, result-
ng in introduction of more sorption sites on biomass surface for
u(II) uptake. The reduction in Zn(II) biosorption capacity of physi-
al pretreated biomass may be attributed to the loss of intracellular
ptake [18].

Modification of biomass with acids, apart from removal of the
ineral matter also resulted in introduction of oxygen surface

omplexes that change the surface chemistry by increasing the
urface area and porosity of original sample. H2SO4 presented
ore increase in biosorption capacity as compared to HCl and

NO3. This might be due to solubility of more mineral matter of
iomass in H2SO4, which introduced more porosity in biomass due
o increased cellular mass and resulted in enhancement of Cu(II)
ptake capacity of biosorbent [17]. The acidic treatment reduced
he Zn(II) biosorption capacity. This was due to the reason that after

I) and Zn(II) onto R. gruss an teplitz distillation sludge.

mental value Pseudo-second-order kinetic model

/g) qe (mg/g) K2,ads (g/(mg min)) R2

10.68 2.7 × 10−2 0.9579
26.45 9.2 × 10−3 0.9861
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ig. 10. (a) Effect of pretreatment on uptake of Cu(II) by R. gruss an teplitz distillation
nitial metal conc. = 100 mg/L, contact time = 24 h, shaking speed = 120 rpm, tempera
ludge. Experimental conditions: pH 5 for Cu(II) and 6 for Zn(II), biosorbent dos
emperature = 30 ◦C.

certain concentration of an acid, the electronegativity of biomass
ecreased due to the remaining H+ ions on the acidic pretreated
iomass. That changed the biomass electronegativity, resulting in a
eduction in biosorption capacity [19,20]. The other reason regard-
ng the reduction in Zn(II) biosorption capacity of biomass may be
he diminishing of intracellular uptake of Zn(II). The important con-
lusion which can be withdrawn from the results obtained after
hysical and acid modifications of biomass is that the most of Cu(II)
iosorption occurred on surface of biomass while Zn(II) biosorp-
ion can be attributed to intracellular uptake as well as to surface

ttachment.

Alkali treatment of biomass may destroy autolytic enzymes that
ause putrefaction of biomass and remove lipids and proteins that
ask reactive sites. Removal of impurities from surface and after

upturing of cell-membrane is the reason for the increase in Cu(II)

p
b
i
c
c

. Experimental conditions: pH 5 for Cu(II) and 6 for Zn(II), biosorbent dosage = 1 g/L,
30 ◦C. (b) Effect of pretreatment on uptake of Zn(II) by R. gruss an teplitz distillation
g/L, initial metal conc. = 100 mg/L, contact time = 24 h, shaking speed = 120 rpm,

nd Zn(II) uptake capacity of biomass after basic pretreatment [11].
O2 form carbonic acid solution in aqueous phase. Carbonic acid
hus formed during pretreatment of biosorbent may effects the

etal uptake capacity of biosorbent being treated. The net increase
r decrease in sorption capacity of biomass after weak acid pre-
reatment can be attributed to effect played by polymeric structure
f biomass, strength of weak acid and oxidation state of metal.
2S gas forms sulphonic acid in water. Sulphonic acid is a weak
cid. In the present study excess of H2S gas was passed through
he biosorbent soaked in water to form saturated solution of sul-

honic acid. Thus, the formed acid reduced the electronegativity of
iomass due to production of H+ ions and resulted in a reduction

n biosorption capacity. (NH4)2SO4 is a protein salting out agent. It
an denature protein and cause their precipitation. (NH4)2SO4 pre-
ipitation decreased the sorption capacity of R. gruss an teplitz. The
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ecrease in sorption capacity can be attributed to disturbance of
NH2 functional groups, which might be involved in Zn(II) biosorp-
ion.

Alginate is a natural anionic polymer [21]. Alginates have been
ound to change the overall sorption capacity of the biomass
22–24]. Sodium alginate exhibited better overall ability to remove
u(II) and Zn(II) in comparison to native biomass. This may be due
o biosorption of sodium alginate on biomass surface. Sodium algi-
ate has the ability to adsorb metals. Calcium alginate is a polymer
aving carboxylic groups responsible for binding [22]. Calcium sta-
ilizes the biomass by binding alginates and converting it to the
el state, thus resultantly Cu(II) and Zn(II) biosorption capacity
as increased. M. olifera is a natural coagulant. It causes the pre-

ipitation of inorganic substances present in the biomass. Due to
his precipitation vacant sites are created on the biomass surface
hat resulted in the enhancement of Cu(II) and Zn(II) biosorption
apacity. Potash alum is a strong chemical coagulant. It caused the
enaturization and precipitation of proteins present in biomass
ells. Proteins have –NH2 functional groups which also contribute
o metal biosorption in coordination with other functional groups.
hus, denaturization and precipitation of proteins cause reduction
n Cu(II) and Zn(II) uptake capacity.

Cu(II) and Zn(II) biosorption capacity (mg/g) of biomass pre-
reated using PEI and PEI + glutaraldehyde increased. PEI is a
ell-known chelating agent. This is due to the presence of a

arge number of amine groups in a molecule. The biomass was
odified using PEI to increase the biosorption capacity [25]. To

x the PEI onto the biomass surface glutaraldehyde was used as
he cross-linking agent. As a result sorption capacity increased.
lutaraldehyde alone decreased the sorption capacity. The use of
lutaraldehyde at a higher concentration resulted in more rigid
iomass. The glutaraldehyde cross-linked the functional groups
resent on the biomass. Cross-linking has been found to decrease
he biosorption capacity of biosorbents [26]. Pretreatment of
iomass using formaldehyde resulted in increase in Cu(II) and
n(II) biosorption. Kapoor and Viraraghvan [19] also reported an
ncrease in the biosorption of Cu(II) after formaldehyde pretreat-

ent. Pretreatment using �-carragnen caused increase in Cu(II)
nd Zn(II) biosorption capacity of R. gruss an teplitz. �-Carragnen
auses the rupturing of the cell wall [27]. It disturbed the func-
ional groups present on surface of biomass. The efficiency of the
iomass to remove metal ions is increased when it was pretreated
ith EDTA. EDTA is a very strong desorbent. When biomass was
retreated with EDTA, almost all metal ions already present in
he biomass (Table 3) were removed. Thus increase in the number
f vacant sorption sites resulted in increase in Cu(II) and Zn(II)
orption capacity of R. gruss an teplitz biomass.
Cu(II) biosorption capacity (mg/g) of biomass pretreated using
riton X-100 increased. Triton X-100 is a surfactant. Surfactants
re the substances with lyophilic and lyophobic groups capable of
dsorbing at interfaces. The biosorption of Cu(II) on to the biomass

able 3
ineral composition of R. gruss an teplitz distillation sludge.

inerals Concentration (mg/g)

a 4.81
3.14

i 1.54
u 0.005
n 0.009
b 0.07
r 0.23
o 0.019
e 0.24
g 0.17

R

R
s

4

l
t
b

5

f
t
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rom solutions was enhanced in the presence of Triton X-100 due to
educed surface tension and increased wetting power [1]. Triton X-
00 activity may also depend upon the hydrated radius of metal ion.
s the hydrated radius of Zn(II) was smaller, Triton X-100 increased

ts diffusion rate, i.e. attachment as well as detachment increased.
s a result it reduced the sorption of Zn(II) ions on biomass.

Treatment of the biosorbent with benzene extracts the lipid
raction of biosorbent [28]. Therefore, the reduction in biosorption
fficiency when benzene treated biosorbent was used, revealed
hat lipids in the cell wall of R. gruss an teplitz contributed to
u(II) biosorption. Parvathi et al. [29] observed similar results while
orking on the waste beer yeast by product to decontaminate efflu-

nt generated from battery manufacturing industry. Pretreatment
f biomass with acetone resulted in decrease in Cu(II) biosorp-
ion capacity. Due to high polarity of acetone, cell wall structure
f biomass became disturbed. It may change nature of functional
roups responsible for metal biosorption. Treatment of R. gruss an
eplitz biomass with organic solvents, such as acetone and benzene
ignificantly enhanced Zn(II) removal efficiency of biomass. Extrac-
ion with organic solvents removed the protein and lipid fractions
rom the biomass surface [30]. Thus, this treatment might expose

ore metal binding sites and improved the adsorptive property of
he biomass. CaCl2-treated biomass, compared to the raw biomass,
xhibited an enhancement in total Cu(II) and Zn(II) removal in the
quilibrium state. This enhancement was due to cleaning of the
iomass surface by calcium ions, which might be easily replaced
ith Cu(II) ions during biosorption. Park et al. [31] also reported
similar increase in Cr(VI) biosorption after CaCl2 treatment of

cklonia sp.
Pretreatment of R. gruss an teplitz distillation sludge with

ethanol drastically reduced Cu(II) and Zn(II) biosorption capac-
ty of biomass. Treatment of biosorbent with methanol resulted in
sterification of carboxylic acids present on the cell wall of biosor-
ent and the reaction occurred as follows:

COOH + CH3OH → RCOOCH3 + H2O

Results revealed that carboxylic groups on the cell wall of R.
russ an teplitz contributed significantly to Cu(II) and Zn(II) biosorp-
ion. A similar observation has been reported by Jianlong [32].
thanol is polar organic solvents. It caused polarization in R. gruss
n teplitz distillation sludge and thus Cu(II) sorption capacity was
ncreased. Ethanolic treatment of biosorbent drastically reduced
n(II) biosorption capacity of biomass may due to esterification
f carboxylic acids present on the cell wall of biosorbent and the
eaction occurred as follows:

COOH + CH3CH2OH → RCOOCH2CH3 + H2O

These results revealed that carboxylic groups on the cell wall of
. gruss an teplitz contributed significantly to Zn(II) biosorption a
imilar observation has been reported by Jianlong [32].

. Mineral composition of biomass

Digested R. gruss an teplitz (red rose) distillation sludge was ana-
yzed for metals like Na, K, Li, Cu, Zn, Mn, Pb, Cr, Co, Fe and Mg and
heir concentrations are shown in Table 3. All metals were found to
e present in trace amount.
. Conclusions

The present study demonstrates the removal of Zn(II) and Cu(II)
rom aqueous solutions using R. gruss an teplitz biomass. The impor-
ant conclusions drawn are:
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Biosorption of Zn(II) and Cu(II) by R. gruss an teplitz waste biomass
was strongly dependent on experimental parameters.
The change in metal ions uptake capacity (mg/g) of a specific
pretreatment is strongly dependant on nature of chemicals and
metals.
Maximum biosorption capacity of Zn(II) and Cu(II) was observed
for PEI + gluteraldehyde (68.64 mg/g) and NaOH (43.4 mg/g) pre-
treated biomass, respectively.
Carboxylic groups on the cell wall of R. gruss an teplitz contributed
significantly to Zn(II) and Cu(II) biosorption.
Cu(II) biosorption capacity was adequately described by Fre-
undlich isotherm, whereas Zn(II) biosorption phenomenon was
described by Langmuir isotherm.
Pseudo-first-order reaction describes adequately the biosorption
of Zn(II) and Cu(II) ions on R. gruss an teplitz waste biomass.
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