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ABSTRACT

A combination of atomic force microscopy, scanning election microscopy, transmission
electron microscopy, energy dispersive spectroscopy, electron diffraction, and X-ray dif-
fraction were used to study reactions of 0.5–500 mg/L aqueous Pb with Ca5(PO4)3OH,
hydroxylapatite (HAP), at pH 6 and 22 8C. Following 2 h reaction time, concentrations of
Pbaq ([Pbaq]) decreased from 500 mg/L to ,100 mg/L, and from 0.5–100 mg/L to ,15
mg/L. This loss of Pbaq from solution (i.e., sorption) resulted partially from simultaneous
dissolution of HAP and precipitation of Pb5(PO4)3OH, hydroxypyromorphite (HPY), or
another solid Pb phase.

The initial saturation state with respect to HPY (defined as the ratio of the ion activity
product to equilibrium solubility product) influenced strongly precipitation processes. At
a high degree of saturation (initial [Pbaq] . 100 mg/L), small nuclei or aggregates of poorly
crystalline HPY precipitated homogeneously in solution. At intermediate saturation (initial
[Pbaq] ;10–100 mg/L), large, euhedral needles of HPY precipitated homogeneously in
solution. At a low degree of saturation (initial [Pbaq] , 10 mg/L), a needle-like Pb-con-
taining phase grew heterogeneously on HAP. These results agree well with concepts de-
rived from nucleation and growth theories and demonstrate that initial saturation state
influences strongly the sorption process.

INTRODUCTION

Pb is one of the most ubiquitous and hazardous envi-
ronmental pollutants. As levels of Pb in the environment
continue to grow, it is becoming increasingly important
to develop methodologies for in-situ remediation of Pb-
contaminated sites. The release rate of Pb from different
sources depends upon Pb mineralogy, with slow rates of
Pb dissolution resulting in decreased Pb bioavailability
(Davis et al. 1993). Similarly, the slow rate of dissolution
of Pb minerals in an organism’s gastrointestinal tract is
believed to decrease Pb bioavailability (Davis et al. 1992;
Ruby et al. 1992). If these premises are correct, the bio-
availability of Pb should be reduced by trapping it in
minerals with low solubilities.

Nriagu (1972, 1973a, 1973b) suggested the application
of phosphate as an in-situ method to control hazardous
quantities of Pb. The relative solubilities of Pb com-
pounds indicate that lead phosphates are more stable un-
der ambient environmental conditions than lead oxides,
hydroxides, carbonates, and sulfates (Nriagu 1984; Ruby
et al. 1994). Suzuki et al. (1981, 1982, 1984) have shown
that Ca5(PO4)3OH, hydroxylapatite (HAP), immobilizes
aqueous Pb (Pbaq).
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Absorption of Pb on the surface of HAP, followed by
cation substitution with Ca was suggested as the mecha-
nism on the basis of macroscopic solution data (Suzuki
et al. 1984; Takeuchi et al. 1988; Takeuchi and Arai
1990). In contrast, Ma et al. (1993, 1994a, 1994b, 1995)
and Xu and Schwartz (1994) proposed that the dissolution
of HAP provides phosphate for the subsequent precipi-
tation of Pb5(PO4)3OH, hydroxypyromorphite (HPY)
from solutions containing Pbaq on the basis of macro-
scopic data with some direct microscopic, spectroscopic,
and diffraction evidence.

Considerable research has focused on metal adsorption
to mineral surfaces (e.g., Benjamin and Leckie 1981). As
described by Sposito (1986), sorption is the loss of a
chemical species from an aqueous solution to a contigu-
ous solid phase. Two of the principle mechanisms of
sorption include adsorption, the two-dimensional accu-
mulation of matter at the mineral-water interface; and
precipitation, the three-dimensional growth of a solid
phase. Precipitation reactions are not understood as well
(e.g., Scheidegger and Sparks 1996) but may be initiated
through homogeneous or heterogeneous nucleation, may
involve coprecipitation, and may include surface precip-
itation (Sposito 1986). The reaction mechanism cannot be
determined using macroscopic data alone (Sposito 1986)
but instead must be determined using a combination of
macroscopic and surface-sensitive approaches (e.g., Junta
and Hochella 1994; O’Day et al. 1994).


