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ABSTRACT

The mutual interaction of metal ions (lead, zinc and copper) on removal efficiency in binary and
ternary systems, by biosorbent based on alkali treated apricot shells (Prunus armeniaca L.) was
examined. The evaluation was done in batch system at two metals concentrations: 0.2 and 0.5mmol/
dmd. Tested biosorbent exhibited preferential uptake of lead in a multimetal systems. It is evident that
mutual inhibition exists in all multimetal systems, but systems containing lead ex-hibited extreme
inhibition toward copper and zinc ions. Process of sorption depends not only on specific chemistry
of each metal, their affinity toward binding sites and the type of metal binding onto biosorbent, but
also on sorbent chemical and morphological characteristics. In multimetal systems, tested sorbent
showed preferential sorption orders: Pb (11)>Cu (I1)>Zn (11).

INTRODUCTION

Research focusing on biosorption offers a stepping stone for developing a whole new environmental
technology aiming to the removal or the recovery of various pollutants from water systems. It's not
surprising that many papers have been published about this topic in the past decades [1,2]. Although,
biosorption is a technology that has been seen with great potential for wastewater treatment, it has to
be commercialized [3]. The number of published papers for single metal removal by biosorption is
many times higher compared to multi-metal removal [4]. Considering that wastewater contains a
mixture of metal ions, it is necessary to study and understand multicomponent sorption under
competitive conditions by using low-cost biosorbents [5]. It is well known that when several different
metal ions are in solution a few possible interactions can be expected: synergism (resulting in an
increase in sorption efficiency), antagonism (resulting in a decrease in sorption of individual ions
from the mixture) or no interactions [6]. This work focuses on the removal efficiency of Pb(ll), Zn(Il)
and Cu(ll) in mono- and multimetal systems by alkali treated apricot shells.

METHODS
The apricot stones were obtained from Juice Factory “Vino Zupa” Aleksandrovac. Seeds were
manually separated from shells and for further experiments only apricot shells were used. Dried shells
were grounded (KHD Humbolt Wedag AG) at fraction less than 1.0 mm. Furthermore, modification
was performed by mixing of 50 g of dried/grinded/sieved biomass sample with 1.0 dm?3 of 1.0
mol/dm?® NaOH on a magnetic stirrer (at 250 rpm) for 3h. Afterwards, the suspension was filtered and
residue was repeatedly washed with distilled water until stable pH value was observed. Subsequently,
it was dried at 50°C until reaching a constant mass. It was labeled as SHM.

The mutual interaction of the examined metals on the removal efficiency by SHM was investigated
in solutions of binary and ternary mixtures of metals. The following binary solutions of metal ions
were tested: Pb(I1) and Cu(ll); Pb(I1) and Zn(I1); Zn(1l) and Cu(ll), at each metal concentration of 0.2
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and 0.5 mmol/dm?. At the same concentrations, the ternary solution of metal ions: Pb(ll), Cu(Il) and
Zn(l1) were tested, too. The experiments were performed at sorbent concentration of 2.0 g/dm?, the
initial pH value 5.0 (adjusted by 0.1 mol/dm® HNO3 or KOH solution). The suspensions were stirred
on orbital shaker at 250 rpm for 120 minutes. After this time the suspensions were filtered and the
filtrates were analyzed by using atomic adsorption spectrophotometer (Perkin EImer AAnalyst 300).
Stock solutions were prepared by dissolving precise amount of Cu(NO3)2x3H20; ZnSO4x7H,0 and
Pb(NOs3). (p.a. grade) in distilled water. Metal solutions of specific concentrations were prepared by
dilution of the stock solution. Using pH meter (Senslon MM340), pH value was adjusted to the
required values with 0.1 M HNO3z and 0.1 M NaOH solutions.

The biosorption efficiency of SHM was calculated using the following equation:

(C; — Coq)x100

R (%) = C

l
where: Ci and Ceq (Mmg/dm?) are the initial and final equilibrium metal ion concentration, respectively.

RESULTS AND DISCUSSION

Previous study confirmed that alkaline treatment of apricot shells had successfully improved
adsorption capacity by 154, 61 and 90% for Cu(ll), Zn(Il) and Pb(Il), respectively [7]. In order to
determine the efficiency of SHM in complex systems simulating the real effluents, biosorption
experiments in binary and ternary systems, with Cu(ll), Zn(l1l) and Pb(Il) were investigated and the
results of testing are presented in Figure 1. As can be seen, sorption efficiency of lead ions in a mixture
with copper ions decreases by 18 % at both concentrations, while with zinc ions decreases by 7% and
15% at initial concentration 0.2 and 0.5 mmol/dm?, in comparison to the sorption efficiency from
solution which contains only lead ions. However, the sorption efficiency of lead ions in the ternary
system decreases more by 28 and 23%, at same initial concentrations. Sorption efficiency of SHM
toward copper ions in a mixture with lead ions decreases even more by 30% and 40% and with zinc
ions by 19% and 2% at same initial concentrations, in comparison to the sorption efficiency from
solutions where copper ions were individually present. The sorption efficiency of copper ions in the
ternary system decreases by 28% and 53%, at same initial concentrations. However, SHM sorption
efficiency of zinc ions in the mixture with lead ions decreases drastically by 63% and 46% and with
copper ions by 60% and 47% at initial concentration 0.2 and 0.5 mmol/dm® in comparison to the
sorption efficiency from the solution where zinc ions were individually present. The sorption
efficiency of zinc ions in the ternary system decreases by 83% and 49% at same initial concentrations.
It is evident that the efficiency of heavy metals removal from solutions containing individual ions is
significantly higher in relation to the efficiency of metals removal from multimetal solutions.
Evidently, there is antagonism between ions as a consequence of competition for available active sites
on the SHM surface. Suppression of sorption by other metal ions is most pronounced with lead ions
and least pronounced with zinc ions present in solution. The complexity of the process is reflected in
interaction between sorbent and metals, which is related to sorbent chemical and morphological
characteristics and to the chemical and physical properties of metals. According to authors previous
research alkaline treatment causes an increase in porosity (by 20%), total pore volume (by 24%),
specific surface area (by 33%) and average pore diameter (by 20%) in comparison to untreated apricot
shells [7,8]. Metal ion characteristic parameters: ionic radius, electronegativity, hydrated radius,
covalent index, hydration enthalpy, charge-to-radius ratio are listed in Table 1/Figure 1. Metals with
higher electronegativity adsorb more readily because metal ions with larger ionic radius have lower
charge density and lower electrostatic attraction that limits the interaction of the metal ions with the
adsorption sites [9]. Also, the higher the electronegativity, the stronger the bond that is established
between metal ions and oxygen atoms from functional groups on the surface of the SHM and
experimental results showed that SHM affinity followed the order Pb(11)>Cu(11)>Zn(ll) which is
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consistent with the electronegativity values. Hillel [10] explained that the smaller the ionic radius and
the higher the valence, the closer and stronger the ion is adsorbed. However, on the other hand, the
higher the hydration of the ion, the further it is from the surface of the adsorbent and the weaker the
adsorption. Since the attraction of water molecules around ions depends on the charge density of ions,
smaller ions will attract more water molecules leading to an inverse relationship between the ionic
radius and the hydrated ionic radius. The ionic radius grows in the following order:
Cu(ID>Zn(IN)>Pb(Il), while the radius hydrated ions decrease in the following order:
Zn(IN>Cu(I1)>Pb(1l) (Table 1). With an increase of the ionic size, the absolute value of enthalpy of
hydration decreases. According to the values of enthalpy of hydration Pb(ll) ions will have greater
accessibility to the SHM surface. The results of these experiments showed that in multimetal systems,
tested sorbent exhibited preferential sorption order: Pb(11)>Cu(l1)>Zn(ll). Similar results were
obtained by Milojkovi¢ [11] examining the removal of Pb(I1), Cu(ll), Cd(ll), Ni(ll), and Zn(ll) ions
from aqueous solution by application of the Miriophylum spicatum compost. According to that study
the biosorbent showed the highest affinity for Pb(Il) and Cu(ll), while the biosorption capacity
decreased in the order Pb(11)>Cu(11)>Cd(I1)>Zn(11)>Ni(ll), at pH 5.0.

100 100 .
= 0.2 mmol/dm3 = 0.2 mmol/dm3
® 0.5 mmol/dm3 = 80 m 0.5 mmol/dm3

2 60
5 40
20
0
Pb Cu

®
=]

(o2
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=]

Removal efficiency (%)
-
=3
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Table 1 Metal ion characteristic parameters and their trends
Metal Ionic Hydrated Electronegativit Covalent index, Hydration
100 radius radius (pm) y (Pauling) [12] Ci=X,?(r+0. enthalpy
= 0.2 mmol/dm3 (pm) 12] [13] 85) (pm) (kJ/mol) [12]
S 80 ®0.5 mmol/dm3 PHD) | 120 401 233 L3 ~1,480
-
e Cu( 73 419 19 578 -2,100
2 60
g Zo(ll)y 74 430 1.65 433 -2,044
o
g 40 Tonic radius (pm) Pb(II) > Za(II) > Cu(IT)
)
._E, 20 Electronegativity (Pauling) Pb(IT) > Cu(Il) >Zn(II)
2?2
. Hydrated radius (pm) Zn(IT) > Cu(I)> Pb(IT)
0 "
Covalent index (pm) Pb(II) > Cu(Il) > Zn(II)
Zn ZnPb ZnCu ZnCuPb s
Hydration enthalpy (kJ/mol) Pb(IT) > Zn(IT) > Cu(Il)

Charge-to-radius ratio (electrostatics  Cu(II) > Zn(II) > Pb(II)
effect on ionic bonding)

Figure 1. SHM removal efficiency of lead, copper and zinc ions in binary and ternary systems

CONCLUSION

In this study, the application of the biosorbent based on alkali treated apricot shells was tested for
removal of Pb(11), Cu(ll) and Zn(Il) ions from multimetal solution. SHM showed the highest affinity
for Pb(1l) and the lowest affinity for Zn(ll). Antagonism between metal ions as a consequence of
competition for available active sites on the SHM surface has been evident. The resulting biosorption
efficiency decreased in the order Pb(I1)>Cu(ll)>Zn(ll), at pH 5.0.
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