Science
Press

Available online at www.sciencedirect.com

SCIENCE @mnsc-rv

Trans. Nonferrous Met. Soc. China 16(2006) 681-686

Transactions of
Nonferrous Metals
Society of China

www.csu.edu.cn/ysxb/

Removal of cadmium and zinc ions from aqueous solution by
living Aspergillus niger

LIU Yun-guo( )!, FAN Ting( )!, ZENG Guang-ming( ),
LI Xin( )!, TONG Qing( )2, YE Fei( )!, ZHOU Ming( ),
XU Wei-hua( )!, HUANG Yu-¢( )!

1. Department of Environmental Science and Engineering, Hunan University, Changsha 410082, China;
2. School of Resources and Environmental Engineering, Wuhan University of Technology,
Wuhan 430070, China

Received 25 October 2005; accepted 6 March 2006

Abstract: The potential of living Aspergillus niger to remove cadmium and zinc from aqueous solution was investigated. Effects of
pH, initial concentration, contact time, temperature and agitation rate on the biosorption of Cd( ) and Zn( ) ions were studied. The
optimum adsorption pH value for Cd( ) and Zn( ) were 4.0 and 6.0. The best temperature and agitation rate were in the range of

25-30

and 120 r/min for all metal ions. Under the optimal conditions, the maximum uptake capacities of Cd( ) and Zn( ) ions

are 15.50 mg/g and 23.70 mg/g at initial concentrations of 75 mg/L and 150 mg/L, respectively. Biosorption equilibrium is
established within 24 h for cadmium and zinc ions. The adsorption data provide an excellent fit to Langmuir isotherm model. The
results of the kinetic studies show that the rate of adsorption follows the pseudo-second order kinetics.
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1 Introduction

Heavy metals like copper, mercury, chromium,
cadmium, lead, nickel and zinc cause serious threat to
environment, animals and human for their extreme
toxicity[1]. Many industries including metal plating,
mining, battery, pigment, dyestuff and chemical
industries release heavy metal like cadmium, zinc in
waste streams[2]. Heavy metal ions are commonly
removed by chemical precipitation, ion exchange and
chemical oxidation-reduction[3], but these methods are
relatively expensive and ineffective especially when the
concentration of heavy metal is low. Biological treatment,
based on living or non-living microorganisms or plants,
offers the advantages, such as low operating cost and
high efficiency[4].

Metal accumulative bioprocesses generally are
divided into two broad categories: biosorption (passive
process) and bioaccumulation (active process)[5]. It
should be pointed out that the term ‘biosorption’ has

been used to describe the passive non-metabolic
mediated process of metal ion binding by living or
inactivated biomass[6]. Using living cultures in
bioremediation could avoid the productive process of
powdering and drying[7], but the application of living
cells to remove metal has some limitations, such as
sensitivity of pH value, high metal concentration and
external metabolic energy[8]. However, such problems
can be overcome via strain selection and exploitation of
organic wastes as carbon substrates.

Many microbial species such as algae, bacteria and
fungi are known to have high metal adsorbing capacities
[9,10]. Among the main strains, fungi biomass offers the
advantage of having a high percentage of cell wall
material that shows excellent metal-binding properties.
Aspergillus niger(A.niger) was used for the production of
citric acid and enzymes, and also for removing heavy
metal[11]. However, the study of removing heavy metal
by living 4. niger is limited. In this study, active 4. niger
was used as sorbent for removal of heavy metal.

The purpose of the present study is to investigate
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the ability of living A. miger in Cd( ) and Zn( )
removal. The effects of the pH, initial metal
concentration, temperature, contact time and agitation
rate on biosorption of Cd( ) and Zn( ) using active 4.
niger biomass were described. In addition to this, the
biosorption equilibrium isotherm and kinetic model were
also studied.

2 Material and methods

2.1 Microorganism

Aspergillus niger (AF 91004) used in this study was
obtained from China Center for Type Culture Collection
(CCTCC) and maintained on potato-dextrose agar (PDA)
slants and stored at 4 . Subculture was made every 3
months.

The fungus was cultivated on a rotary shaker (120
r/min) at 26 for 72 h in 250 mL conical flask
containing 100 mL of growth medium. The growth
medium consisted of (g/L): dextrose, 20; peptone, 10;
NaCl, 0.2; CaCl,, 0.1; KCI, 0.1; K,HPOy, 0.5; NaHCO;,
0.05; MgS0y, 0.25; Fe(SO4),'7H,0, 0.005. After this
period, the harvested biomass was filtered and washed
three times with sterile physiological saline.

2.2 Metal solutions

Stock solution of 1 000 mg/L of cadmium and zinc
solutions were prepared using nitrate salts of analytical
grade. The working metal solutions were prepared in
physiological saline (0.9%). Before mixing the
microorganisms, the pH value of each test metal solution
was adjusted to desirable value with 1 mol/L NaOH and
1 mol/L HCI.

2.3 Biosorption experiments

The biosorption experiments were carried out using
the batch equilibration at different pH values, initial
metal concentration, contact time, temperature and
agitation rate. The test solutions of Cd( ) and Zn( )
ions were agitated on a shaker for 72 h which was
enough for adsorption equilibrium. Unless otherwise
conditions stated, the initial metal concentration,
temperature and agitation rate were 50 mg/L, 26  and
120 r/min, respectively. In kinetic studies, samples were
taken out at different intervals. Equal wet biomass was
added to each flask, and its corresponding dry wet (0.2 g)
of the biomass was determined at each batch of
experiment by drying it at 105 for 2 h. All
experiments were carried out in 250 mL conical flask
with 100 mL metal solution on a rotary shaker. Before
analysis the samples were centrifuged at 4 000 r/min for
10 min, then the supernatant was analyzed for the
remaining metal ion concentrations by using an atomic
adsorption spectrophotometer (PE AA700). All the

experiments were conducted in twice and average values
were used in the analysis.

The amount of heavy metal adsorbed by the
biomass was calculated using the following equation:

0=(py - po)— (1)
m

where QO is the amount of metal adsorbed by biomass,
mg/g; po is the initial concentration of metal ion, mg/L;
pe 1s the final concentration of metal ion, mg/L; m is the
mass of the biomass in the adsorption medium, g; V is
the initial volume of the adsorption medium, L[12,13].

3 Results and discussion

3.1 Effect of pH on metal removal

It is well known that metal ion adsorption on both
non-specific and specific sorbents is pH dependent[14].
The solution pH affects the chemistry of the metals, the
activity of functional groups (carboxylate, phosphate and
amino groups) on the cell wall as well as the competition
of metallic ions for the binding site[15]. The effects of
the initial pH on biosorption of Cd( ) and Zn( ) ions
are evaluated in the pH range of 2.5-6.0 and 1.5-7.0,
respectively(Fig.1). It can be seen that metal uptake
increases with increasing pH in the range of pH 3.0—4.0
for Cd( ) and pH 3.0-6.0 for Zn( ), and maximum
Cd( ) and Zn( ) uptake capacities are 15.1 mg/g and
18.25 mg/g at pH 4.0 and 6.0, respectively. At low pH
(' 2.0) the biosorption capacity for all metal ions is very
low, because large hydrogen ions compete with metal
ions at sorption sites. As the pH (from 3.0 to 6.0)
increases, more negatively charged cell surface becomes
available thus facilitating greater metal uptake !,
However, metal precipitates at high pH values ( 7.0)
inhibit the contact of metal with the most fungal
biomass[16].
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Fig.1 Effect of pH on biosorption of Cd( ) and Zn( ) ions
(po=50 mg/L, 6=26 , =72 h, =120 r/min)
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3.2 Effect of initial metal ion concentration

Fig.2 shows Cd( ) and Zn( ) uptake capacities of
A. niger as a function of the initial concentration of metal
ions (in the range of 25-200 mg/L) in the medium. The
adsorbed amount of Cd( ) and Zn( ) ions increases
with the increasing initial metal ion concentration. This
uptrend may be due to an increase in electrostatic
interactions, involving sites of progressively lower
affinity for metal ions[15]. From the figure, no more
metal uptake by cells is observed over 75 mg/L initial
Cd( ) concentrations and 150 mg/L initial Zn( )
concentrations, receptively. The maximum Cd( ) and
Zn( ) uptake capacity are determined as 17.35 mg/g
and 24.60 mg/g, respectively.
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Fig.2 Effect of initial metal ion concentration on biosorption of
Cd( )andZn( )ions (pH=4 for Cd( ); pH=6forZn( ),
6=26 , =72 h, =120 r/min)

When compared with the adsorptive capacity values
that have been reported, the maximum Cd( ) and Zn( )
sorption with 4. niger could be promising. For example,
HOLAN and VOLESKRYT17] obtained 19 mg/g Cd( ),
and Zn( ) uptake capacities were 21.6 mg/g by
Myxococcus xanthus and 13.1mg/g by Saccharomyces
cerevisiae[18]. The maximum Cd( ) and Zn( ) uptake
capacities by Mocus rouxii were 8.46 mg/g and 7.75
mg/g, respectively[19].

3.3 Effect of contact time

The contact time is of great importance in
adsorption for the assessment of the suitability of these
fungal preparations to serve as biosorbents in a
continuous flow system. Fig.3 shows the biosorption
time curves of Cd( ) and Zn( ) ions on live biomass at
the initial concentration of 50 mg/L. It can be seen that
biosorption consists of two phases: a primary rapid phase
that accounts for the major part in the total metal
biosorption, and a second slow phase that contributes to
a relatively small part. Most of the metal ions are

adsorbed from aqueous solution within the first 6 h and
there is no more metal ions uptake after 24 h. This trend
suggests that the uptake may be due to the interaction
with functional groups located on the surface of the cells
at the first rapid stage, and intercellular accumulation in
the second phase.
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Fig.3 Effect of contact time on biosorption of Cd( ) and
Zn( ) ions (pH=4 for Cd( ); pH=6 for Zn( ), p¢=50 mg/L,
6=26 , r=120 r/min)

Data on the contact time of heavy metal ions by
various biosorbents have shown a wide range of
adsorption time. The biosorption equilibrium time of
Pb( ) on the dead A. niger was 5 h[10]. YAN[19]
observed that Cd( ) and Zn( ) biosorption on
pretreated Mucor rouxii biomass reached equilibrium in
6 h and 7 h at initial pH 6.0, respectively. The Cd( )
and Zn( ) biosorption rate of immobilized Funalia
trogii reached saturation within 1 h[20]. However, the
biosorption of Cr( ) adsorbed on dead bacterium
Baccllus  thuringiensis was very fast and reached
equilibrium within 15 min[21]. There are several para-
meters that determine the biosorption rate such as the
stirring rate of the aqueous phase, structural properties
both of the support and the biosorbent, amount of sorbent,
properties of the ion under study, initial concentration of
ionic species and, of course, existence of other metal ions,
which may compete with the ionic species of interest for
the active biosorption sites. Therefore, it is very difficult
to compare the biosorption times reported.

3.4 Effect of temperature

Fig.4 indicates that the change of temperature
influences the biosorption rates of Cd( ) and Zn( )
ions by A. niger. Maximum biosorption of Cd( ) and
Zn( ) is obtained at different temperatures in the range
of 25-30 . The increase of metal uptake at higher
temperature may be due to either higher affinity of sites
for metal or more binding sites on the relevant cell mass.
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At higher temperature the energy of the system facilitates
Cd( ) and Zn( ) ions attaching on the surface and also
when the temperature is very high, there is a decrease of
metal sorption due to distortion of some sites of the cell
surface available for metal biosorption [22].
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Fig.4 Effect of temperature on biosorption of Cd( ) and Zn( )
ions (pH=4 for Cd( ); pH=6 for Zn( ), pp=50 mg/L, =72 h,
=120 r/min)

3.5 Effect of agitation rate

The effect of shaker rotation speed (0—200 r/min)
on biosorption by 4. niger was studied. Optimal value of
adsorption capacity is obtained at the stirring speed of
120 r/min as shown in Fig.5. This indicates that the
shaking rate assures all the cell wall binding sites are
available for cadmium and zinc uptake. That is to say, a
moderate speed gives the best homogeneity for the
mixture suspension. At high stirring speed, vortex
phenomena occurs and the suspension is no longer
homogenous which makes the adsorption of Cd( ) and
Zn( ) difficult.
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Fig.5 Effect of agitation rate on biosorption of Cd( ) and
Zn( ) ions (pH=4 for Cd( ); pH=6 for Zn( ), p¢=50 mg/L,
6=26 ,t=72h)

3.6 Equilibrium study

There are many theoretical models to describe the
adsorption process of heavy metal ions by active and
inactive microorganisms. Among these models, the
Langmuir and Freundlich equilibrium models have been
applied in this study. The Langmuir isotherms equation is
valid for monolayer sorption onto surface containing
finite number of identical sorption sites which is
described by the following equation:

b
Qeq _ Qmax pcq (2)
1+bpgg
where QO (mg/g) and pq (mg/L) are the amount of

adsorption and the residual concentration in solution at
equilibrium, respectively; QOm.x (mg/g) and b are
Langmuir constants denoting maximum adsorption
capacity and the affinity of the binding sites, respectively,
which can be determined by the linearised Langmuir
isotherm as below:

Pea _ Peq 1
Qeq Qmax meaX

3)

The Freundlich equation is purely empirical based
on sorption on a heterogeneous surface, which is
commonly presented as

0. =Ke Pl )

where Kr and n are the Freundlich constants related to
adsorption capacity and the adsorption intensity,
respectively.

The Langmuir adsorption isotherms of Cd( ) and
Zn( ) ions obtained at 26 are shown in Fig.6. The
adsorption constants and correlation coefficients of
Langmuir and Freundlich isotherms are given in Table 1.
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Fig.6 Langmuir adsorption isotherm of Cd( ) and Zn( ) on
A.niger (pH=4 for Cd ( ); pH=6 for Zn ( ), =26 , =24 h,

=120 r/min)
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In view of the correlation regression coefficients,
the adsorption process can be well described by
Langmuir model. The Langmuir constant (Qn.) values
are close to the experimental values, and this can be
evidence that the surface of the sorbent is homogenous
and sorption stops at one monolayer. On the other hand,
the magnitudes of K and n (Freundlich constants) show
easy separation of metal ions from aqueous medium and
indicate favorable adsorption. As seen from Table 1, n
values are high enough for separation.
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where K .4 1S pseudo-second order rate constant. After
integration and applying boundary conditions, =0 to t=¢
and O~0 to O~=Q.q; the integrated form of Eqn.(7)
becomes

1 1 1

——— ®)
Qt k2,ad Qeqt Qeq

where /k, .4 can be determined from the intercept of
linearized plot of 1/Q; vs 1/6(Fig.7).

0.20

3.7 Kinetic modeling e—(d

With respect to the kinetic modeling of Cd( ) and =—Zn
Zn( ) biosorption, the pseudo-first order and pseudo- 0.15F
second order rate equation were used. The first order rate
equation of Lagergren based on solid capacity is Sl
expressed as =
dd%:kl,ad(Qeq _Qt) (5) 0.05F
where O, and Q. is sorption capacity at time ¢ and at
equilibrium, respectively; and k; ,q is pacudo-first order 0 0"2 UI. 3 ()j() (J.Js 110 12

rate constant. After integration and applying boundary
conditions, =0 to =t and Q=0 to O=0.,; the integrated
form of Eqn.(5) becomes as

lg(Qeq -0)=1g Qeq -

kl,ad
2.303

(6)

where value of k; ,4 can be determined from the slope
of the plot of the 1g(Q.,—0O,) vs t. In most cases the
first-order equation of Lagergren does not fit well during
the entire adsorption period and is generally applicable in
the initial 20—30 min of the sorption process[23].
Contrary to the first order model, the pseudo-second
order model predicts the behavior over the whole
adsorption time and is in agreement with adsorption

1/t
Fig.7 Linearized pseudo-second order kinetic plots of Cd ()
and Zn () ions (pH=4 for Cd ( ); pH=6 for Zn ( ), po=50
mg/L, =26 , =120 r/min)

The parameters of pseudo-first and pseudo-second
order rate kinetics are presented in Table 2. The
theoretical (., values estimated from the first-order
kinetic give significantly different values compared with
the experimental values, and the correlation coefficients
are also found to be slightly lower. The correlation
coefficients for the second-order kinetic model and the
theoretical values of (O also agree well with the
experimental ones. Both facts suggest that the sorption of

mechanism being the rate-controlling step. The . . . .
4 d order rat tion i q cadmium and zinc ions system is not a first-order
seudo-second order rate equation is expressed as . L . .
P 4 p reaction and the second-order kinetic, which relies on the
do, 2 assumption that biosorption may be the rate-limiting
dr :k2,ad (Qeq _Qt) (7) step.

Table 1 Adsorption isotherm parameters for Cd( ) and Zn( ) on A4.niger

. Experimental Langmuir isotherm Freundlich isotherm
Metal ion - - 5 5
Qmax/(mg‘g ) Qmax/(mg'g ) b R KF n R
cd* 17.40 18.08 0.02 0.997 6.26 4.4 0.671
Zn** 24.60 26.10 0.12 0.998 6.95 3.6 0.770

Table 2 First-order and second-order kinetics constants for biosorption of Cd** and Zn”"

Metal ion Experimental First-order kinetic Second-order kinetic
Qeq/(mg'gil) ki ad/1 0’ Qeq/(mg'gil) ” k. ad Qeq/(mg'gil) ”
cd* 15.10 7.83 12.34 0.966 1.351 16.23 0.997
n*" 18.45 6.68 14.71 0.977 0.947 18.94 0.991
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4 Conclusions

A. niger is well suited for removing Cd(II) and
Zn(II) from aqueous solution, due to its high capacity of
biosorption. The initial pH significantly influences Cd(II)
and Zn(II) uptake and maximum adsorption are observed
at pH 4.0 and 6.0. The biosorption medium temperature
and the agitation rate can affect the sorption capacity.
The biosorption equilibriums reaches in 24 h. The
removal capacities of Cd(Il) and Zn(II) ions increase
with increase of initial metal ions concentration. The
maximum uptake capacities are 15.50 mg/g and 23.70
mg/g at initial metal ion concentrations of 75 mg/L for
Cd(Il) and 150 mg/L for Zn(Il) ions. The biosorption
process of both metal ions can be described by Langmuir
isotherm. For all heavy metal ion systems studied, the
rate of adsorption is found to follow the pseudo-second
order kinetics.

The present study indicates that 4. niger can be
used as efficient living biosorbent for removal of Cd(II)
and Zn(II) ions from wastewater. The biosorption system
by living A4. niger applied in the reality exiting treatment
technologies should be more studied.
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