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bstract

The present study explores the ability of Cassia fistula waste biomass to remove Ni(II) from industrial effluents. C. fistula biomass was found very
ffective for Ni(II) removal from wastewater of Ghee Industry (GI), Nickel Chrome Plating Industry (Ni–Cr PI), Battery Manufacturing Industry
BMI), Tanner Industry: Lower Heat Unit (TILHU), Tannery Industry: Higher Heat Unit (TIHHU), Textile Industry: Dying Unit (TIDU) and Textile
ndustry: Finishing Unit (TIFU). The initial Ni(II) concentration in industrial effluents was found to be 34.89 ± 0.01, 183.56 ± 0.08, 21.19 ± 0.01,
3.29 ± 0.03, 47.26 ± 0.02, 31.38 ± 0.01 and 31.09 ± 0.01 mg/L in GI, Ni–Cr PI, BMI, TILHU, TIHHU, TIDU and TIFU, respectively. After
iosorption the final Ni(II) concentration in industrial effluents was found to be 0.05 ± 0.01, 17.26 ± 0.08, 0.03 ± 0.01, 0.05 ± 0.01, 0.1 ± 0.01,
.07 ± 0.01 and 0.06 ± 0.01 mg/L in GI, Ni–Cr PI, BMI, TILHU, TIHHU, TIDU and TIFU, respectively. The % sorption Ni(II) ability of C. fistula
rom seven industries included in present study tend to be in following order: TILHU (99.88) > GI (99.85) ≈BMI (99.85) > TIFU (99.80) > TIHHU
99.78) > TIDU (99.77) � Ni–Cr PI (90.59). Sorption kinetic experiments were performed in order to investigate proper sorption time for Ni(II)
emoval from wastewater. Batch metal ion uptake capacity experiments indicated that sorption equilibrium reached much faster in case of industrial
astewater samples (480 min) in comparison to synthetic wastewater (1440 min) using same biosorbent. The kinetic data were analyzed in term of

seudo-first-order and pseudo-second-order expressions. Pseudo-second-order model described well the sorption kinetics of Ni(II) onto C. fistula
iomass from industrial effluents in comparison to pseudo-first-order kinetic model. Due to unique high Ni(II) sorption capacity of C. fistula waste
iomass it can be concluded that it is an excellent biosorbent for Ni(II) uptake from industrial effluents.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Removal of Ni(II) from industrial effluents is of primary
mportance, because contamination of wastewater by it is a
ery serious health and environmental problem. Ni(II) and its
arious compounds are extensively being used in various indus-
ries. Since the toxic Ni(II) ions dissolve in water, so they can
ventually reach the top of the food chain and thus become

risk factor for people’s health. Electroplating, dying, print-

ng, tanning and ghee manufacturing sectors, are the largest
hemical waste producers in the world. Wastewater generated
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y these industries often contains high concentration of Ni(II)
ons [1]. Effluent treatment processes are designed to ensure that
hen wastewaters are discharged into natural water courses, any

dverse effect are reduced or prevented [2]. Therefore, several
echnologies for treating heavy metal bearing wastewater, such
s precipitation [3,4], reduction [5], solvent extraction [6–8] and
embrane processes [9–11] have been used until recently. How-

ver, these methods have several disadvantages; which include
ncomplete metal removal and toxic sludge generation. On the
ther hand, the use of artificially prepared ion exchange resins
s effective, but too expensive to be applied on industrial scale.

or this reason, the potential of a new method of removing
eavy metals by biological biosorbents presents an important
reak through [12–16]. Several studies have shown that non-
iving plant biomass materials are effective for the removal of

mailto:hnbhatti2005@yahoo.com
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deviation values. The correlation coefficient (R2) values of the
02 M.A. Hanif et al. / Journal of Haz

race metals from environment [12,14,17–19]. Cassia fistula is
ery popular ornamental tree all around the world. C. fistula is
ommonly known as Amaltas in Pakistan, as Indian Labrum in
ndia, Canafistula in Brazil and as Golden Shower world wide.
t belongs to family: Fabaceae, genus: Cassia, Species: Fistula.
umerous ionizable chemical groups have been suggested to

esponsible for metal biosorption [20]. C. fistula presents a high
ontent of ionziable groups such as carboxyl, carbonyl, alco-
olic and amino groups specifically and has been previously
dentified as a very promising biosorbent to remove Ni(II) from
ynthetic aqueous solutions [14]. Before selecting a wastewa-
er treatment system, a considerable amount of laboratory work

ust be completed. Testability studies should be conducted to
onfirm that the process will satisfy effluent standards, the type
f chemical or sorbent/membrane envisaged is applicable to the
pecific waste stream [2,20]. The objective of present study was
o access the ability of C. fistula waste biomass to remove Ni(II)
rom industrial effluents.

. Materials and methods

.1. Reagents

All reagents used in present study were of analytical grade.
onc. HNO3, Conc. HCl and NaOH were obtained from Merck
hile Ni(II) atomic absorption spectrometer standard solution

1000 mg/L) was purchased from Fluka chemicals. All glass-
are and polypropylene flasks used were overnight immersed

n 10% (v/v) HNO3 and rinsed several times with distilled deion-
zed water (DDW). For adjusting the pH of the medium 0.1N
olutions of NaOH and HCl were used.

.2. C. fistula biomass

C. fistula biomass used in present study was harvested from
niversity of Agriculture, Faisalabad, Pakistan by manually

emoving the matured pods from plants. Biomass was washed
horoughly with DDW to remove any debris and particulate mat-
er. The air dried pods were cut into 5 cm and carefully placed
n a built in purring edge peeler of multi purpose wonder mill
o obtain the C. fistula pods bark. Thus obtained pods bark
as oven dried at 60 ◦C for 72 h until the constant weight. The
ried biomass was cut, ground using food processor (Moulinex,
rance) and then sieved through Octagon siever (OCT-DIGTAL
527-01) to obtain biosorbent with homogenous known particle
ize of <0.255 mm. No other chemical and/or physical treat-
ents were used prior to biosorption experiments. The selection

f this biosorbent for present study was based on its easy avail-
bility, cheapness and earlier studies in our laboratory in which
his biomass was found very effective in removing Ni(II) from
ynthetic wastewater [14].

.3. Industrial effluents collection
The wastewater samples from seven industries including
hee Industry (GI), Nickel Chrome Plating Industry (Ni–Cr
I), Battery Manufacturing Industry (BMI), Tannery Industry:

l
e
E
U
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ower Heat Unit (TILHU), Tannery Industry: Higher Heat Unit
TIHHU), Textile Industry: Dying Unit (TIDU) and Textile
ndustry: Finishing Unit (TIFU) was collected from city zone
f Faisalabad, Pakistan. Triplicate samples were collected in
olyethylene bottles and placed in a cooler for transportation
o research laboratory [21]. The physiochemical parameters of
ollected effluents were determined and were presented in one
f our earlier work [22].

.4. Batch biosorption studies

The affinity of C. fistula biomass to adsorb Ni(II) ions
as studied in triplicate sets of experiments. In all sets of

xperiments fixed volume of industrial effluents containing
i(II) (200 mL) of pH 6 was thoroughly mixed (at 100 rpm on

n orbital shaker) with optimized amount of biosorbent dose
0.1 g/100 mL) of particle size <0.255 mm for predetermined
ime interval (15–1440 min) at 30 ◦C. The selection of these
arameters for Ni(II) biosorption by C. fistula biomass was based
n earlier experimental studies [14]. A control assay was also run
nder similar conditions with the effluent samples. At the end
f experiments, the flasks were removed from the shaker and
he solution was separated from biomass through filter paper
Whatman No. 40, ashless).

.5. Determination of Ni(II) contents in the solutions

Ni(II) contents in sample and control assays were analyzed
sing Perkin-Elmer Analyst 300 atomic absorption spectropho-
ometer equipped with an air acetylene burner and controlled by
ntel Pentium-4 personal computer. The analytical wavelength
as set at 232 nm and hollow cathode lamp was operated at
5 mA.

.6. Calculations

The metal concentration in the liquid phase was determined at
eginning (Ci) and equilibration (Ce). The following equations
ere used to compute the percent metal uptake by the sorbent

Eq. (1)) and sorbent uptake capacity at equilibrium qe (mg/g)
Eq. (2)).

sorption = (Ci − Ce) × 100

Ci
(1)

e = (Ci − Ce) × V

1000w
(2)

here V is the volume of solution in mL and w is the mass of
orbent in g.

Average and standard deviation values from triplicates were
alculated using Microsoft Excel 2004, version Office XP, soft-
are. The error bars shown in Fig. 1 represents the standard
inear form of pseudo-first-order and pseudo-second-order mod-
ls were also determined using statistical functions of Microsoft
xcel, 2004 (version Office XP, Microsoft Corporation,
SA).
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Fig. 1. Sorption kinetics plot for Ni(II) removal by Cas

. Results and discussion

Kinetic information of metal uptake by biosorbent is required
or selecting optimum operating conditions for industrial scale
atch metal removal process [23,24]. Initial and equilibrium con-
entrations of Ni(II) in industrial wastewater used for kinetic
xperiments are tabulated in Table 1. The solution pH was kept
onstant at 6 during metal biosorption by biosorbent. The sorp-
ion kinetic plot of Ni(II) from industrial effluents is presented
n Fig. 1. From Fig. 1 it is obvious that the sorption equilib-
ium for Ni(II) was achieved within 480 min in case of industrial
ffluents, in comparison to 1440 min sorption equilibrium for
ynthetic wastewater [14]. This variation was due to the pres-
nce of co-metal ions in case of industrial effluents which were
bsent in case of synthetic wastewater. Due to presence of greater
umber of metal ions in industrial wastewater, the sorption equi-
ibrium was reached much faster due to faster occupancy of
orption sites by metal ions [22]. Ni(II) biosorption was faster
n first hour of contact, followed by slow biosorption till equi-
ibrium was achieved. This variation in biosorption behaviour
as also reported previously [25,26]. Mathematical models that

an describe the behaviour of a batch biosorption process under
ifferent experimental condition are useful for scale up studies
r process optimization. Pseudo-first-order and pseudo-second-
rder kinetic models have been extensively used to describe the
inetics of metal biosorption in batch systems [27–30]. The
nally selected model will be that, which not only fit closely
he data, but also explain responsible sorption mechanisms. In
his study C. fistula biomass was employed as free cell suspen-
ion in a well agitated batch system, where all the cell wall
inding sites were readily available for Ni(II) uptake, hence the

w
k

able 1
nitial and equilibrium concentrations of Ni(II) in industrial wastewater collected from

Site

GI (mg/L) Ni–Cr PI (mg/L) BMI (mg/L) TI

i 34.89 ± 0.01 183.56 ± 0.08 21.19 ± 0.01 43

e 0.05 ± 0.01 17.26 ± 0.08 0.03 ± 0.01 0
sorption 99.85 90.59 99.85 99
tula biomass from industrial and synthetic wastewater.

ffect of external film diffusion on biosorption rate can safely
ssumed as less significant and can be ignored in kinetic mod-
ling. Both pseudo-first-order and pseudo-second-order kinetic
odels were used for the evaluation of the experimental data of
i(II) biosorption by C. fistula biomass. Most commonly used
seudo-first-order Lagrengren model is generally expressed as
Eq. (3)) [27]:

dq

dt
= k1,ads(qe − q) (3)

here qe (mg/g) and q (mg/g) are amounts of adsorbed metal
ons on the biosorbent at sorption equilibrium between two
hases (solid and liquid phases) and at any time t, respec-
ively; and k1,ads is the Lagrengren rate constant. Linearized
orm of Lagrengren model can be obtained on integrating Eq.
3) betweem limits of, t = 0 to t = t and q = 0 to q = qe, it becomes
Eq. (4))

og(qe − q) = log qe − k1,ads
t

2.303
(4)

inear plot of log(qe − q) versus t having high value of coef-
cient of determination (R2) indicates the applicability of this
inetic model. The main assumption of pseudo-second-order
inetic model is that biosorption follows second-order mecha-
ism. So, the rate of loading of biosorption sites with metal ions
s proportional to the square of number of free sites (Eq. (5)):
dq

dt
= k2,ads(qe − q)2 (5)

here k2,ads (g/mg min) is rate constant of pseudo-second-order
inetic model. On integrating Eq. (5) between limits of t = 0

city zone of Faisalabad, Pakistan

LHU (mg/L) TIHHU (mg/L) TIDU (mg/L) TIFU (mg/L)

.29 ± 0.03 47.26 ± 0.02 31.38 ± 0.01 31.09 ± 0.01

.05 ± 0.01 0.1 ± 0.01 0.07 ± 0.01 0.06 ± 0.01

.88 99.78 99.77 99.80
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Fig. 2. Lagergren pseudo-first-order sorption kinetics plot of Ni(II) biosorption from industrial wastewater onto C. fistula biomass.

Fig. 3. Pseudo-second-order sorption kinetics plot of Ni(II) biosorption from industrial wastewater onto C. fistula biomass.

Table 2
Comparison between adsorption parameters of Lagergren pseudo-first-order and pseudo-second-order kinetic models

Site Pseudo-first-order kinetic model Experimental value,
qe (mg/g)

Pseudo-second-order kinetic model

qe (mg/g) K1,ads (×10−4 min−1) R2 qe (mg/g) K2,ads (g/mg min) R2

GI 4.49 6.94 0.8937 34.84 34.24 6.58 × 10−3 0.9999
Ni–Cr PI 58.89 5.21 0.8615 166.3 151.51 4.69 × 10−3 0.9996
BMI 3.18 4.34 0.9079 21.16 20.16 1.02 × 10−3 0.9997
TILHU 7.19 8.68 0.9439 43.24 42.73 3.75 × 10−2 0.9999
T 47 −3

T 31
T 31

t
r

w
i
p
t
k
i
i

e
B
C
k
b

4

IHHU 7.14 7.38 0.8226
IDU 6.56 6.94 0.8688
IFU 5.52 8.68 0.8236

o t = t and q = 0 to q = qe, linearzied form of model can be
epresented as (Eq. (6)):

t

q
= 1

k2,ads
q2

e − t

qe
(6)

The sorption data of Ni(II) uptake by C. fistula biomass fitted
ith pseudo-first-order and pseudo-second-order kinetic model

s shown in Figs. 2 and 3, respectively and the obtained models
arameters are tabulated in Table 2. It is clear from Table 2

hat coefficient of correlation (R2) for the pseudo-second-order
inetic model is much higher in case of all industrial effluents
n comparison to pseudo-first-order model .The other fact that
s noted from the same table is the close agreement between the

s

•

.16 46.26 4.10 × 10 0.9999

.31 30.39 4.32 × 10−3 0.9999

.03 30.58 5.08 × 10−3 0.9999

stimated qe (mg/g) values and experimental qe (mg/g) values.
oth these observations suggested that the Ni(II) sorption by
. fistula pods biomass followed well the pseudo-second-order
inetic model in all cases, which relies on the assumption that
iosorption may be the rate limiting step.

. Conclusions

The following conclusions were drawn from the present

tudy:

C. fistula biomass can be used for removal of Ni(II) from
industrial streams very effectively.
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The obtained results strongly demonstrated that metal –
biosorbent sorption equilibrium was much faster in case of
industrial effluents in comparison to synthetic effluents.
Batch metal ion uptake capacity tests have shown that the
biosorption process can be better described by pseudo-
second-order kinetic model.
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