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Abstract. Polymeric sponges coated with hydroxyapatite were used in lead and cadmium uptake
experiments in order to mimetizes heavy metal incorporation by bone tissue. The hydroxyapatite-
coated sponges (S-HA) were obtained by hydrothermal alkali conversion from monetite. The results
showed that S-HA were efficient in immobilizing Pb and Cd. The uptake experiments using
hydroxyapatite powder (HA) removed almost 100% of Pb>" and 59% of Cd*". When polymeric
sponges coated with hydroxyapatite were used, the removal of Cd*" and Pb®" decreased,
respectively, to closely 14 % and 74%, after 24 hours sorption. Before and after sorption experiment
MEYV analysis indicated precipitation of pyromorphite on hydroxyapatite-coated sponges.

Introduction

Lead and cadmium are considered toxic to human being and can affect almost all organs.
Once absorbed, these metals are found in body’s hard tissues such as bones and teeth.
Hydroxyapatite is one of the main constituents of bone inorganic phase and in addition, synthetic
hydroxyapatite shows very high capacity in adsorb heavy metals from water [1, 2]. This property
allows studies in metal incorporation by bone.

In this work, studies were developed to assess lead and cadmium immobilization by apatite
scaffolds produced by a patented technique [3] that resemble trabecular bone. The aim of this study
is to investigate the efficiency of HA scaffolds in immobilizing heavy metals.

Materials and Methods

Samples Preparation

Synthetic hydroxyapatite powder, HA, was synthesized by drop wise addition of an
(NH4),HPO, aqueous solution to a Ca(NOs), solution (PA Merck) at 80°C and pH=11. It was a pure
HA with a Ca/P molar ratio of 1.65 + 0.03 and surface area BET of 45 + 4 m* g™

The apatite scaffolds, S-HA, were produced by hydrothermal coating of polymeric sponges
with monetite, using a solution rich in Ca’" and PO, ions, according to the technique described in
[3]. The conversion of monetite to HA was accomplished submerging the coated sponges in 0.5 M
NaOH aqueous solution at 80°C for 48 hours [3, 4].

Sample Characterization

HA powder and apatite scaffolds were analyzed by a SEIFERT-FPM GmbH X-ray
diffractometer (XRD) operating with CuKo radiation (1.5418 A) at 40 kV and 40 mA with a
graphite monochromator in the primary bunch. The XRD patterns were obtained in an interval from
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10 to 100° with 26 step of 0.02°. Elementary chemical analysis of Ca*", P, Pb>" and Cd*" content
were performed by ICP-OES using OPTIMA 3000 PERKIN-ELMER equipment.

A scanning electron microscope (SEM, LEICA, model S440) with disperse energy
spectrometer (EDS) was used to assess phases morphology. Backscattered electron (BSE) and
secondary electron (SE) contrast were used as complementary techniques to identify Pb*-rich
phases.

Dissolution Experiments

Dissolution experiments were performed using 40mL of Milli-Q water containing 0.4g of
HA powder and S-HA. The slurry was mechanically shaken for 24 hours at 25°C. Aliquots of the
solution were collected at 1, 6 and 24 hours. HA slurry was centrifuged and filtered through a
Durapore membrane (Millipore). The solution from sponge experiments was only filtrated. Ca and
P concentrations were determined by Perkin Elmer ICP-OES OPTIMA 3000 spectrometer. All
experiments were performed in triplicate.

Sorption Experiments

The uptake experiments using HA and S-HA were performed in triplicate using 0.4 g of
each sample. Aqueous solution containing 450 mg.L'Cd*" and 460 mg.L"' Pb*", respectively, were
obtained from Pb(NOs), and Cd(NO3),.4H,0. Each material was mechanically shaken with 40mL
of the solution up to 1, 6 and 24 hours. Following the uptake the samples were centrifuged and the
supernatants were filtered using a 0.22 pum membrane Millipore, diluted with HNO; 0.25% and then
analyzed by ICP. The solid residues were dried at 80°C and analyzed by XRD and SEM.

Results and Discussion
Sample Characterization

Figure 1a and b show the XRD patterns of polymeric sponges coated with monetite before
and after conversion to hydroxyapatite. The presence of a small monetite peak on S-HA scaffold
indicated that almost all monetite was converted to a crystalline hydroxyapatite.
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Figure 1: XRD pattern of polymeric sponges coated with monetite before (a) and after (b)
conversion to S-HA.

Dissolution Experiments

Dissolution of Ca and P by HA and S-HA in Milli-Q water showed that both samples
presented non stoichiometric dissolution. Chemical analyses revealed that after 24 hours, the Ca*"
concentration from HA powder and S-HA were nearly the same: 4.34 x 10” + 2.99 x 10”7 molL"
(HA) and 4.16 x 10°+2.99 x 10”7 molL™" (S-HA). P concentration ranged from 7.35 x 10” + 4.41 x
10 molL" (HA) to 1.06 x 10~ + 3.22 x 10™* molIL™" (S-HA). The higher P dissolution of sample S-
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HA could be explained by the presence of small amount of monetite that still remains in polymeric
sponges after conversion.

Sorption Experiments

HA powder immobilized 44 mg/g (100%) of Pb*" and 26 mg/g (59%) of Cd*", from a
solution containing 460 mg.L™" of Pb*" and 450 mg.L™' Cd*", Fig. 2a. The experiment showed that 1
hour sorption was enough to immobilize 100% of Pb>" and 50% of Cd**, which correspond the
maximum sorption capacity for Cd*" in these conditions [1].
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Figure 2: Pb** (m) and Cd*" (e) uptake from HA (a) and S-HA (b). Initial concentration: 460
mg.L" of Pb*" and 450 mg.L™' Cd*".

Sorption experiments using polymeric sponges coated with HA (S-HA) showed that the
sorption of Cd*" was about 6.0 mg/g (14%) during all experiment which correspond the maximum
capacity sorption. After 24 hours 34 mg/g (74%) of Pb*" was immobilized that represents six times
the Cd2+uptake (Fig. 2b). This result revealed that both materials HA and S-HA were efficient in
immobilizing Pb*" and Cd*".

The main mechanism of Pb*" immobilization depends on the amount of P available to form
pyromorphite [5, 6]. In this respect, S-HA dissolution released more P then HA, which could
explain the pyromorphite formation observed to S-HA (Fig.3). No additional cadmium phosphate
was detected in XRD pattern after Cd*" adsorption indicating that Cd*" immobilization was
controlled by mechanisms such as ion exchange and surface complexation [7]. Therefore a

competition to immobilize Pb>" and Cd*" on hydroxyapatite surface should occur when both metals
occurred in a solution.
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Figure 3. XRD patterns of HA and S-HA, showing pyromorphite formation on S-HA sample.

The SEM analyses of the polymeric sponges coated with HA, before and after sorption
experiment are shown in Fig.4a and b. SEM analysis of the S-HA samples after incubation in the
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Pb-Cd solution (Fig.4b) using secondary electrons contrast indicated the presence of Pb-precipitates
on the surface confirming pyromorphite precipitation.
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Figure 4: S-HA before (a) and after (b) Pb*" and Cd*" 24 hour adsorption with 460 mg.L" of Pb**
and 450 mg.L"' Cd*".

Conclusions

These results suggest that HA powder and polymeric sponges coated with hydroxyapatite were
efficient to immobilize Pb*" and Cd*". The main mechanism involved in Cd*" and Pb*'
immobilization for S-HA was respectively ion exchange and surface complexation (Cd) and
dissolution/precipitation process leading to a pyromorphite formation (Pb).
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