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Abstract Aquatic weed Myriophyllum spicatum L. is
one of the most invasive water plants known. In many
countries, it is usually harvested and landfilled, where
aerobic and anaerobic decomposition takes place. In this
research, the kinetic, equilibrium, and desorption studies
of biosorption of Pb(II), Cu(II), Cd(II), Ni(II), and Zn(II)
ions onto compost of M. spicatum were investigated in
batch experiments. Biosorbent was characterized by
scaning electron microscopy (SEM) and Fourier trans-
form infrared spectroscopy (FTIR). SEM analysis
showed that ion exchange between divalent cations
Ca(II) and selected metals takes place. The results of
FTIR exposed that carbonyl, carboxyl, hydroxyl, and
phenyl groups are main binding sites for those heavy
metal ions. The rate of adsorption of the five heavy
metals was fast, which achieved equilibrium in
40 min, and followed the pseudo-second-order model
well. Langmuir, Freundlich, and Sips equilibrium ad-
sorption models were studied, and Sips isotherm gave
the best fit for experimental data. Desorption by 0.1 M
HNO3 did not fully recover the metals sorbed onto the
compost, indicating that reusing this material as

biosorbent is not possible. Furthermore, the use of spent
biosorbent as a soil fertilizer is proposed.
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1 Introduction

The contamination of environment with heavy metals
represents serious threat to human health and ecological
systems, because almost all heavy metals are toxic even
i n t r a c e amoun t s , nonb i od eg r ad ab l e and
nonthermodegradable (Sharma et al. 2007; Qaiser
et al. 2009).

Common methods for metal ion removal from aque-
ous solutions are the following: chemical precipitation,
filtration, ion exchange, electrochemical treatment,
membrane technologies, adsorption on activated car-
bon, evaporation, etc. Some of these technologies are
expensive and energy intensive, indicating the need for
alternative solutions. One of the alternative methods for
heavy metal separation from wastewater is biosorption
which involves physicochemical and biological mecha-
nisms applying natural substrates (Wang and Chen
2009). The most important advantages of this technique
can be classified as follows: the reusability of biomate-
rial, low operating cost, improved selectivity for specific
metals of interest, removal of heavymetals from effluent
regardless of toxicity, short operation time, reuse of
metals, and no production of secondary compounds
(Munagapati et al. 2010; Patrón-Prado et al. 2010).
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Every biosorbent has its particularities like chemical
structure, porosity that is prerequisite to its sorption
capacity of the sequestered compounds, and under given
conditions, biosorbent reacts in its own way (Witek-
Krowiak 2012).

Compost is commonly used as an improver of soil
characteristics. There is the need to find an alternative
use of compost as more waste is being recycled
(Hermana and Nurhayati 2010). Composts from differ-
ent origins—dairy manure compost (Zhang 2011), spent
mushroom compost (Chen et al. 2005), and municipal
solid waste (Paradelo and Barral 2012; Hermana and
Nurhayati 2010)—were successfully applied as
biosorbents in the treatment of heavy metals.

Myriophyllum spicatum (Eurasian water milfoil) is a
submerged aquatic plant, native to Europe, Asia, and
North Africa, and it was introduced into North America
as invasive species (Couch and Nelson 1985). The plant
is tolerant to a wide range of water quality conditions
and can be found in freshwater and brackish water. It
can quickly recolonize areas that have been cleared off
the species because of the viability of even small frag-
ments (Aiken et al. 1979). Dense canopies of Eurasian
water milfoil shade out native vegetation, alter the spe-
cies composition of aquatic invertebrates, and may im-
pair the ability of some fish species to spawn. From one
point of view, thus, it can be thought of as a waste
product (Keskinkan et al. 2003).

Heavy metal removal by M. spicatum from aqueous
solutions has been the subject of previous investigations
(Wang et al. 1996; Keskinkan et al. 2003, 2007; Lesage
et al. 2007; Yan et al. 2010). In a recently published
article (Milojković et al. 2013), it has been shown that
compost ofM. spicatum can be successfully applied for
lead biosorption.

The subject of this study includes further investiga-
tions of this compost as a biosorbent of selected heavy
metals.

2 Materials and Methods

2.1 Preparation of Biosorbent

The biosorbent used in this work was M. Spicatum
compost. M. spicatum is harvested four times per year
from the artificial Sava Lake, Belgrade, capital of the
Republic of Serbia, and deposited at a small landfill near
the lake. The lake is 4.2 km long, 4 to 6 m deep and

covers the area of 0.8 km2, with dominant species of
aquatic weed M. spicatum.

Samples of the compost were taken from the surface
of the landfill, where only the M. spicatum harvested
material is disposed. The compost was air-dried for a
few days at room temperature and then dried at 60 °C for
6 h, crushed, and sieved to give a particle size of less
than 0.2 mm.

2.2 Reagents

Stock solution of metal ions—Pb(II), Cu(II), Cd(II),
Ni(II), and Zn(II) containing 10 mmol/L of each met-
al—was prepared by dissolving corresponding nitrate
salts (analytical grade) in deionized water. All working
solutions were prepared by diluting the stock solution.
The pH adjustment was done by adding small amounts
of 0.1 M NaOH and/or 0.1 M HNO3.

2.3 Characterization of Biosorbent

The compost was characterized by scanning electron
microscopy (SEM) and Fourier transform infrared spec-
troscopy (FTIR).

Elemental analysis was performed with dried sample
on Var io EL II I ; C,H,N,S/O by Elementar
Analysensysteme GmbH, Hanau, Germany.

SEM analysis was performed with dried sample coat-
ed with gold or carbon (JEOL JSM-6610LV SEM
model).

Fourier transform infrared attenuated total reflection
spectroscopy (FTIR-ATR) spectroscopic analysis was
carried out at room temperature using a Nicolet 380
spectrophotometer in the spectral range of 4,000 to
400 cm−1, with a resolution of 4 cm−1. The datasets
were averaged over 64 scans. FTIR-ATR spectroscopy
was used to identify vibration frequency changes in the
compost before and after contact with multimetal
solution.

2.4 Batch Experiments

Batch experiments included sorption kinetic study, sorp-
tion isotherm experiments, and desorption. Experiments
were performed in 100-mL Erlenmeyer flasks with
50 mL of multimetal solution. During the experiments,
flasks were stirred at 250 r/min, at room temperature
(303 K). For stirring the compost with solution, the
orbital shaker Heidolph unimax 1010 was used.
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Measurement of pH value was carried out with a precise
pH meter (Sension MM340).

Sorption kinetic study was performed at initial con-
centrations of each metal at 0.2, 0.4, 1, 1.5, 2, 2.5, 3, 4,
and 5 mmol/L. In the desorption experiments, 1.25-g
compost loaded with Pb(II), Cu(II), Cd(II), Zn(II), and
Ni(II) was mixed for 2 h with the desorption agent
(0.1 mol/L HNO3). The amount of Pb, Cu, Cd, Zn,
and Ni desorbed in HNO3 solution was then determined
throughout the measurement of the concentration in
solution. Atomic absorption spectrophotometer (Perkin
Elmer AAnalyst 300) was used for determination of
metal ion concentrations before and after biosorption.
As was observed in preliminary experiments, the ionic
exchange between selected elements and Ca(II) takes
place. Its concentration in the solution obtained after
biosorption was also determined using AAS. All sorp-
tion experiments were carried out in triplicate.

The amount of metal adsorbed by the compost was
calculated using Eq. (1):

q ¼ V Ci−Ceð Þ
m

ð1Þ

where sorption capacity, q, is the amount of metal
adsorbed by biosorbent (mmol/g), Ci and Ce are the
initial and equilibrium metal concentrations (mmol/L),
V is the volume of multimetal solution (L), and m is the
mass of the biosorbent (g). Metal removal efficiency (R)
is calculated from Eq. (2):

R ¼ Ci−Ce

Ci
� 100 ð2Þ

3 Results and Discussion

3.1 Effect of Biosorbent Dose on Biosorption

Effect of the compost dose on biosorption of Pb(II),
Cu(II), Cd(II), Ni(II), and Zn(II) was studied. The ex-
periments were performed at pH=5, since the precipita-
tion of metal hydroxides starts at pH value greater than
5.5 (Fig. 1). Previously done biosorption experiments
with M. spicatum were also performed at pH 5
(Keskinkan et al. 2003; Milojković et al. 2013; Yan
et al. 2010). Additionally, the pH value of the zero point
charge for the compost is 6.1 (Milojković et al. 2013),
indicating that at lower pH value, the surface of
biosorbent is charged positively and that repulse of
positively charged metal ions takes place.

The amount of biosorbed metal increases with the
amount of compost (Fig. 2). This could be clarified by
the fact that the number of sites available for biosorption
increases by increasing the biosorbent dose
(Munagapati et al. 2010). Since an amount of compost
higher than 1.25 g showed no increase of metal ion
removal, that dosage of compost (1:40 solid–liquid ra-
tio) was chosen for further biosorption experiments.

3.2 Biosorption Kinetics

The effect of contact time was examined with initial
Pb(II), Cu(II), Cd(II), Ni(II), and Zn(II) concentrations
of 2.5 mmol/L, initial pH was 5.0, and contact time
ranged from 10 to 1,440 min, as shown in Fig. 3. In
the first 40 min, 80 % of lead and 70 % of copper were
removed, while only ~7 % of other metal ions were
biosorbed. Since biosorption capacity of all metal ions
reaches a plateau value within 120 min, this contact time
was used in biosorption experiments, in order to ensure
sorption equilibrium.

Experimental data were analyzed using three kinetic
models: pseudo-first-order or Lagergren model
(Lagergren 1898), Ho–McKay or pseudo-second-order
model (Ho and McKay 1999), and intraparticle diffu-
sion model (Weber and Morris 1963). Models and ob-
tained parameters are presented in Table 1.

The values of calculated qe,cal are in very good agree-
ment with experimental values qe,exp for pseudo-second-
order model (Table 1). A plot t/qt versus time was shown
in Fig. 4. Plots are near perfect straight lines with corre-
lation coefficients R2 close to the value of 1, which
indicates that biosorption of examined heavy metals on
the M. spicatum compost follows pseudo-second-order
rate expression.

3.3 Equilibrium Isotherm Models

Biosorption isotherm explains interaction between
biosorbate and biosorbent and was applied to determine
maximum biosorption capacity, type of surface
biosorption (homogenous or heterogeneous), and favor-
ability of adsorption (Harikishore et al. 2012).

In this study, three common isotherm models—
Langmuir (Langmuir 1918), Freundlich (Freundlich
1906), and Sips (Sips 1948)—were applied in order to
analyze equilibrium results. The Langmuir model is the
most commonly applied sorption isotherm, and it has
good agreement with a wide variety of experimental
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data while Freundlich empirical model can be applied to
no ideal sorption on heterogeneous surfaces as well as
multilayer sorption (Ho et al. 2002). Sips isotherm pre-
sents combination of Langmuir and Freundlich iso-
therms. At low sorbate concentrations, Sips equation
reduces to a Freundlich isotherm, while at high sorbate
concentrations, it assumes a monolayer sorption charac-
teristic of the Langmuir isotherm (Ho et al. 2002).
Langmuir, Freundlich, and Sips isotherm constants,
along with the correlation coefficients for biosorption
of Pb(II), Cu(II), Cd(II), Ni(II), and Zn(II) onto the
M. spicatum compost, are presented in Table 2.
According to the values of correlation coefficient R2,

Sips isotherm provided the best fit for the experimental
data.

Sips isothermmodel for biosorption of Pb(II), Cu(II),
Cd(II), Ni(II), and Zn(II) onto the compost is given in
Fig. 5.

3.4 Biosorbent Characterization

Elemental analysis results show that the compost
contained 15.55 % carbon, 0.98 % hydrogen, 0.84 %
nitrogen, and 82.63 % oxygen.

Scanning electron micrographs illustrate the surface
texture and morphology of the M. spicatum compost

Fig. 1 Logarithm of solubility of
metal hydroxides (Pb(II), Cu(II),
Cd(II), Ni(II), and Zn(II)) versus
pH

Fig. 2 Effect of biosorbent dosage level on the removal percent-
age of Pb(II), Cu(II), Cd(II), Ni(II), and Zn(II) by M. spicatum
compost. Experimental conditions are the following: initial con-
centration of each metal 2.5 mmol/L, contact time 24 h, pH 5.0,
and agitation velocity 250 r/min

Fig. 3 Effect of contact time on biosorption of Pb(II), Cu(II),
Cd(II), Ni(II), and Zn(II) by M. spicatum compost. Experimental
conditions are the following: initial concentration of each metal
2.5 mmol/L, compost dry weight=1.25 g, pH 5.0, and agitation
velocity 250 r/min
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(Fig. 6a, b). According to Fig. 6a, raw compost particles
have a complex and uneven surface that appears to be
multilayered. Such surface structure centrally can pro-
vide contact surface for metal binding. Diatoms are also
present in the compost material with a nonhomogeneous
distribution. The SEM micrograph of the compost after
biosorption, presented on Fig. 6b, shows that metal
aggregates are not evident on the surface of material;
so, there is no visible microprecipitation. This leads to
the conclusion that metals are evenly spread on the
surface of the compost material.

The energy dispersive X-ray analysis (EDX) of raw
compost material (Fig. 6c) proved the presence of O, Ca,
Si, Mg, Na, Al, P, S, and K. A distinct peak for Si can be
ascribed to diatoms present in the material. After
biosorption of heavy metals from multimetal solution,

a significantly reduced peak for calcium can be ob-
served on EDX spectra, as well as the appearance of
new peaks for Pb(II), Cu(II), Cd(II), Ni(II), and Zn(II)
(Fig. 6d). Peaks of oxygen and silica are also signifi-
cantly reduced in the intensity. Therefore, it could be
specified that metal binding partly happened through
ion exchange between divalent cations Ca(II) and metal
ions. For that reason, treated solutions become richer in
Ca(II) content after specified contact time. Total amount
of adsorbed metals of the compost is 0.33 mmol/g,
which corresponds to the amount of released calcium.
While 0.042 mmol of Ca(II) is released from 1 g of
compost into distilled water, after biosorption of select-
ed metals on the compost, 0.376 mmol of Ca(II) is
released, indicating that ion exchange takes place.

In Fig. 7, metal uptake capacities q and degree of metal
removal from single andmultimetal solution are presented.
The compost has a higher affinity for lead and copper. It
can be noticed that the presence of other metal ions does
not have a significant effect on the removal of lead and
copper. In contrast to that, cadmium, zinc, and nickel have
a much higher degree of removal when biosorption capac-
ity from single-element solution was studied. The
biosorbents loaded with examined metals were used for
FTIR characterization.

The adsorption of aqueous metal ions is influenced
by various factors. In Table 3, examined metal ion
characteristic parameters are listed; trends for these
characteristics are also supplied. Even the trends could
not provide a consistent rule of examined metal selec-
tivity for the M. spicatum compost. Namely, selectivity
of organic matter, as well as the interaction between
sorbent and metals, depends on large number of factors
that are related to the chemical and morphological fea-
tures of sorbent and to the chemical and physical

Table 1 Parameters of pseudo-first-order, pseudo-second-order, and intraparticle diffusion models. Experimental conditions are the
following: initial concentration 2.5 mmol/L, dry weight of compost 1.25 g, pH 5.0, and agitation rate 250 r/min

Metal
ion

Experimental
results

Pseudo-first order Pseudo-second order Intraparticle diffusion

qe,exp (mg/g) qe,cal (mg/g) k1 (1/min) R2 SSE qe,cal
(mg/g)

k2 (g/mg/
min)

R2 SSE Kid (mg/g/
min−0.5)

R2 SSE

Pb(II) 16.59 0.0037 0.0027 0.4900 8.996 16.87 0.0247 0.9999 0.0221 0.0472 0.6702 0.0219

Cu(II) 4.47 0.0032 0.0052 0.9146 8.987 4.6 0.0735 0.9996 0.0704 0.0252 0.7329 0.0758

Cd(II) 1.14 0.0013 0.0052 0.5283 8.977 1.32 0.0347 0.9978 1.011 0.0183 0.8406 0.5135

Ni(II) 0.58 0.0019 0.0004 0.3586 8.940 0.56 0.0749 0.9684 0.5059 0.0073 0.3972 0.5249

Zn(II) 0.50 0.0011 0.0002 0.1988 8.957 0.49 0.145 0.9759 0.290 0.0044 0.4036 0.3107

Fig. 4 Pseudo-second-order kinetic model of the biosorption of
Pb(II), Cu(II), Cd(II), Ni(II), and Zn(II) onto M. spicatum com-
post. Experimental conditions are the following: temperature
25 °C, initial concentration of each metal 2.5 mmol/L, compost
dry weight=1.25 g, pH 5.0, and agitation velocity 250 r/min
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properties of metals to be retained and to be utilized in
operational conditions. Large number of factors beyond
the properties of the metals themselves include the fol-
lowing: (a) the chemical characteristics of the organic
ligands, such as the type of functional group involved in
binding; (b) the pH at which adsorption is measured;
and (c) the ionic strength of the solution in which
adsorption is measured, as this determines the intensity
of competition by other cations for the complexing
sites (McBride 1994). Greater interaction between
smaller metal ions and adsorption sites is achieved.
Therefore, metals with higher electronegativity are
adsorbed more readily. With a decrease of the
ionic size, the absolute value of enthalpy of hy-
dration increases (Minceva et al. 2007). According
to the hydration enthalpy values for lead, it can be
concluded that the lead ions have the greatest
access to the surface of the biosorbent (compost)
followed by copper and cadmium.

FTIR analysis was used to identify functional groups
responsible for the binding of Pb(II), Cu(II), Cd(II), Ni(II),
and Zn(II). FTIR spectra for the raw compost and compost
loaded with metals are shown in Fig. 8. Based on the
chemical composition of the compost (Milojković et al.
2013) and its FTIR spectra, a number of peaks indicating
the complex structure of the compost can be identified.
Absorption bands at 1,794.2 on raw and 1,658.3 on loaded
compost spectra can be assigned to C=O stretching for
conjugated and for nonconjugated groups, respectively. A
high content of C=O groups originates from lignin
(Derkacheva and Sukhov 2008). Appearance of the peak
at 1,506.1 on the loaded compost spectra is due to the
presence of the aromatic structure. The strong C–O
stretching vibration of phenols could be ascribed to the
bands 1,220.9 and 1,233.9. Disappearance of peaks at
1,143.4 and 1,049.3 on loaded compost spectra which
correspond to strong C–OH bond can also be observed.
Peak at 770.9 noticed on loaded compost spectra is prob-
ably connected to weak –CH2 bond (Socrates 2001). The
FTIR spectrum for Cd-, Cu-, Zn-, and Ni-loaded compost
that exhibited spectra with clear shifts of carboxyl groups
1,670–1,500 and bands around 1,300 and 1,000 cm−1

attributed to the C–O stretching of COOH (Wahab et al.
2010). The band around 1,490 is due to the C=O stretching
bond of inorganic carbonates CO3

2− (Rubinson and
Rubinson 2001). Overall, the analysis of FTIR spectra
clarified the presence of ionizable functional groups:
Carbonyl, carboxyl, hydroxyl, and phenyl are able to
interact with metal ions.

3.5 Desorption Studies

Nitric acid was chosen for the desorption studies (in the
concentration of 0.1 M) as the most efficient desorbent

Table 2 Isotherm constants for
multimetal biosorption onto
compost

Isotherm Parameter Pb Cu Cd Ni Zn

Langumir qmax (mmol/g) 0.091 0.072 0.019 0.015 0.044

KL (L/mol) 0.273 0.746 0.154 0.092 0.012

R2 0.824 0.791 0.491 0.619 0.941

Freundlich KF (L/mg) 0.0917 0.0725 0.0210 0.0117 0.0184

1/n 0.212 0.201 0.260 0.289 0.471

R2 0.793 0.769 0.846 0.599 0.963

Sips a (mmol/g) 0.0970 0.0802 0.0236 0.0160 0.0293

b 41.4 34.2 9.81 4.36 0.403

1/n 0.739 0.634 1.21 0.807 0.687

R2 0.830 0.805 0.967 0.622 0.961

Fig. 5 Sips isotherm plot for the biosorption of Pb(II), Cu(II),
Cd(II), Ni(II), and Zn(II) onto M. spicatum compost
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in biosorption studies (Chojnacka et al. 2005). Values of
adsorbed and desorbed amount after three adsorption/
desorption cycles are presented in Fig. 9. The metal
loaded in the first biosorption cycle could not be
completely eluted in the first desorption step. The metal
biosorption is not fully reversible which was also con-
firmed by the next biosorption/desorption cycles.

Desorption by 0.1 M HNO3 did not fully recover the
amount of metals biosorbed onto the compost. On the
basis of the experimental results, it is concluded that the
efficiency of M. spicatum compost as biosorbent for
selected metal ions decreases in the order Pb>Cu>
Zn>Cd>Ni. The capacity of the examined biosorbent
is lower in comparison with some other biosorbents
applied for the removal of these metals from water
(Grimes et al. 1999; Harikishore et al. 2012).
Desorption studies in similar research confirmed that

Fig. 6 SEMmicrographs of a surface of untreated compost, 1,000
times magnified; b treated compost with Pb(II), Cu(II), Cd(II),
Ni(II), and Zn(II) 1,000 times magnified; c SEM-EDX analysis of

compost before (raw material); and d after Pb(II), Cu(II), Cd(II),
Ni(II), and Zn(II) biosorption

Fig. 7 Biosorbent capacities q and degree of metal removal from
single and multimetal solutions (contact time 24 h; Pb(II), Cu(II),
Cd(II), Ni(II), and Zn(II) initial concentration 2.5 mmol/L;
multimetal solution concentration of each metal 2.5 mmol/L; and
agitation rate 250 r/min)
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the process is efficient and that the biosorbent can be
reused (Blanco et al. 1999). On the other hand, since a
relatively low amount of metals is biosorbed, the

compost used in the biosorption process could be po-
tentially applied for soil quality improvement. The
M. spicatum compost has a lower amount (mg/kg/dm)
of sorbed metals after biosorption than the heavy metal
limit values for compost in Austria, class A+(for organ-
ic farming). Since the large amount of M. spicatum
compost is available in many countries where this inva-
sive plant is harvested and disposed, a potential two-step
application is proposed. The material could be used as
biosorbent for heavy metals from water in the first step
and then applied as organic fertilizer in the second step.
This approach could improve the topic of waste man-
agement when dealing with treatment of heavy metal
polluted water.

Table 3 Metal ion characteristic parameters and their trends

Metal Ionic radius (pm)
(Wulfsberg 1987)

Hydrated radius (pm)
(Nightingale 1959)

Electronegativity
(Pauling) (Wulfsberg 1987)

Covalent index,
Ci=Xm

2 (r+0.85) (pm)
Hydration enthalpy
(kJ/mol) (Wulfsberg 1987)

Pb(II) 120 401 2.33 1,113 −1,480
Cu(II) 73 419 1.9 578 −2,100
Cd(II) 95 426 1.69 514 −1,806
Zn(II) 74 430 1.65 433 −2,044
Ni(II) 69 404 1.91 562 −2,106
Ionic radius (pm) Pb(II)>Cd(II)>Zn(II)>Cu(II)>Ni(II)

Electronegativity (Pauling) Zn(II)>Cd(II)>Cu(II)>Ni(II)>Pb(II)

Hydrated radius (pm) Pb(II)>Ni(II)>Cu(II)>Zn(II)>Cd(II)

Covalent index (pm) Pb(II)>Cu(II)>Ni(II)>Cd(II)>Zn(II)

Hydration enthalpy (kJ/mol) Pb(II)>Cd(II)>Zn(II)>Cu(II)>Ni(II)

Charge-to-radius ratio (electrostatics—effect
on ionic bonding)

Ni(II)>Cu(II)>Zn(II)>Cd(II)>Pb(II)

Fig . 8 FTIR spec t ra fo r the fo l lowing : compos t ;
multimetal—spent biosorbent after biosorption from multimetal
solution; spent biosorbent after biosorption from single-metal so-
lutions (pH=5; contact time 24 h; Pb(II), Cu(II), Cd(II), Ni(II), and
Zn(II) initial concentration 2.5 mmol/L; multimetal solution con-
centration of each metal 2.5 mmol/L; agitation rate 250 r/min)

Fig. 9 Biosorption/desorption cycles for Pb(II), Cu(II), Cd(II),
Ni(II), and Zn(II) byM. spicatum compost
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4 Conclusion

In this study, the application of the compost of
M. spicatum was tested for removal of Pb(II), Cu(II),
Cd(II), Ni(II), and Zn(II) ions from aqueous solution.
The biomass showed the highest affinity for Pb(II) and
Cu(II). The resulting biosorption capacity decreased in
the order Pb(II)>Cu(II)>Cd(II)>Zn(II)>Ni(II), at
pH 5.0. Biosorbent was characterized by SEM, and
interactions between metal ions and functional groups
were confirmed by FTIR. The kinetic studies exposed
that the biosorption process best fits the pseudo-second-
order kinetic model. The presence of other metal ions
reduces the biosorption capacity for a particular metal
from multimetal solution in comparison with the capac-
ities obtained with single-metal solutions. Equilibrium
data were fitted to three isotherm models, and sorption
of all heavy metals was best described by the Sips
isotherm. Desorption by 0.1 M HNO3 is not recom-
mended since the efficiency of metals recovering is
low. The spent low-cost biosorbent could be potentially
utilized as soil fertilizer, since the amount of sorbed
heavy metals is low in comparison with commonly used
compost materials.
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