
 
 
 
 
 
 
 
 

 

Uranium biosorption by hydroxyapatite and bone meal  
 
 

Tamires Watanabe, Sabine Neusatz Guilhen, Júlio Takehiro Marumo, Leandro Goulart de 
Araujo* 

Instituto de Pesquisas Energéticas e Nucleares, Av. Prof. Lineu Prestes 2242, São Paulo 05508-000, Brazil  

Corresponding author: Dr. Leandro Goulart de Araujo 
*E-mail address: lgoulart@alumni.usp.br 

Abstract 

Biosorption has been widely examined for the treatment of aqueous solutions containing uranium, a radiotoxic pollutant. 
The use of hydroxyapatite and bone meal as potential biosorbents in the removal of uranium (U) from aqueous solutions 
has not yet been previously addressed. In this work, the efficiency of these biosorbents in the removal of U was 
investigated according to their adsorption removal capacities. Surface transformations in both materials were observed 
after U adsorption by scanning electron microscopy combined with energy-dispersive X-ray spectroscopy (SEM/EDS). 
The biomass/U solution ratio was kept at 0.1 g/5 mL. Contact times for the batch experiments were 15, 30, 60, 120, and 
180 min, and the concentration of U tested was 680 mg L-1. The equilibrium was achieved in less than 15 min for both 
materials. The morphological characteristics of each biomass, before and after biosorption experiments were analyzed. 
Bone meal highlighted slightly superior adsorption results in terms of maximum capacity (qmax = 33.83 mg g-1), compared 
to hydroxyapatite (qmax = 33.36 mg g-1), with the removal percentages being also similar, 99.97 and 98.57 %, respectively. 
The results so far indicate that these materials are potential biosorbents for the treatment of uranium-contaminated 
solutions, especially liquid radioactive waste. 
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1. Introduction 

The presence of uranium (U) in aqueous streams 
is harmful, mainly because this radionuclide may 
persist in the natural environment for a long time. 
Sources of possible U contamination are numerous, 
including mineral mining, smelting, nuclear fuel 
manufacturing, and nuclear research. Furthermore, 
given the growing demands for electric energy 
generation in the last decades, U-containing nuclear 
wastes have significant increased with the ascension 
of the nuclear power industry [1]. Several methods 
have been developed specifically for U extraction 
such as covalent binding [2], ion-exchange [3,4], 
electrostatic attraction [5], surface complexation [6–
8], and Van der Waal’s forces [9]. 

New and alternative processes are constantly 
being developed, aiming at removing radionuclides 

from aqueous solutions, which also helps to 
overcome known issues of the conventional 
methods. To name a few, the high costs and the 
generation of higher volumes of liquid waste as a 
result of some varieties of treatment. 

Biosorption can be defined as the use of biomass 
to uptake metal(loid) ions from aqueous 
environments. Examples of such biomaterials are 
algae, bacteria, yeast, fungi, plant leaves, and root 
tissues. Biosorption has many advantages, e.g. low 
capital and operating costs, selective removal of 
metals, the possibility of biosorbent regeneration 
and metal recovery, rapid kinetics of adsorption and 
desorption, and no sludge generation [10]. In this 
context, many biomaterials have been extensively 
studied for the removal of U from aqueous solutions, 
including biomass such as rice stem [11], Solanum 
incanum leaves [12], Eichhornia crassipes [13], 
macrophytes [14], coconut fiber [15], coffee and 

pp-714



 
 
 
 
 
 
 
 

 

rice husks [16]; microorganisms such as 
Saccharomyces cerevisiae [17,18], Penicillium 
piscarium [19], Penicillium citrinum [20], 
Aspergillus fumigatus [21], and biochars such as the 
ones derived from macauba [22], eucalyptus wood 
[23],  Opuntia ficus indica [24], rice straw [25,26]; 
bone [27], and rice husk [28]. 

However, the use of bone meal for the removal of 
U from radioactive aqueous solutions has not yet 
been investigated as an alternative for the 
conventional adsorption processes. Therefore, as 
regards radioactive waste treatment, good 
mechanical properties are a very important feature 
of the biosorbent, especially if the final goal is the 
solidification of biomass waste. This will further 
impact the conditioning of the waste into a stable 
solid form which will allow immobilization and 
containment of the radioactive content for the 
necessary period. The application of bone meal is 
attractive and advantageous because it is 
economically feasible in comparison with 
commercial adsorbents. It consists of a natural, 
abundant substance that contains a large amount of 
calcium phosphate in the form of hydroxyapatite. 

Phosphate–derived materials have been studied 
extensively to efficiently extract uranium from the 
aqueous phase owing to their adsorption capability, 
which has been ascribed to the surface complexation 
and mineralization of phosphate with U [29]. It can 
also be used to remove radionuclides from liquid 
aqueous solutions, such as liquid radioactive waste 
generated in many industrial or research activities. 
This biomaterial may be able to remove 
significantly hazardous radionuclides, heavy metals, 
and organic substances from radioactive liquid 
waste. Previous research has indicated that 
hydroxyapatite alone is capable to efficiently 
remove thorium from aqueous solutions [30]. 
Furthermore, studies indicate that radionuclides 
such as 90Sr2+ [31], 208Tl+, 226Ra2+, 212Bi3+ and 228Ac3+ 
[32] were also adsorbed by hydroxyapatite. 

The objective of this work was to evaluate the 
adsorption capacity of hydroxyapatite and bone 
meal for uranium removal from aqueous solutions.  
Moreover, the morphological characteristics of both 
materials were evaluated by Scanning Electron 
Microscopy/Energy Dispersive X-Ray 
Spectroscopy (SEM/EDS). 

2. Materials and methods 

2.1. Biosorbents 

Bone meal (Super Verde, Fênix Indústria e 
Comércio de Fertilizantes LDA-ME) and 
hydroxyapatite (produced in CCTM/IPEN) were 
ground and sieved to obtain particle sizes between 
0.297 mm and 0.125 mm. Subsequently, they were 
stored in sealed polyethylene flasks in the 
laboratory for later use. 

2.2. Synthetic solution 

A synthetic solution of U was prepared by adding 
0.165 g of uranyl nitrate (UO2(NO3)2.6H2O) in 100 
mL distilled water (2.91 mmol L-1). pH was adjusted 
to 4 by adding nitric acid (Merck, Brazil) or sodium 
hydroxide (Merck, Brazil). Initial pH was adjusted 
at 4 because it is the measured pH of the radioactive 
liquid waste stored at the Radioactive Waste 
Management Laboratory of the Nuclear and Energy 
Research Institute (IPEN-CNEN/SP). Our concern 
is to investigate how bone meal and hydroxyapatite 
behave under real radwaste conditions. Moreover, 
according to [33] and software projection, pH 4 
favors the biosorption of a great number of species 
because of its speciation. At this pH, most of the U 
ions in solution is in the form of non-complexed free 
uranyl ions (UO2

2+ or U(VI)). pH behavior was 
evaluated during the experiments. 

2.3. Biosorption experiments  

2.3.1 Adsorption study 

Batch biosorption experiments were performed 
to determine the metal uptake capacity under 
different contact times. The vials containing the 
solution and the biosorbent were stirred (130 rpm) 
at controlled temperature (25 °C). The mass of 0.1 
g of the bone meal was suspended in 5 mL of U 
aqueous solutions and kept in contact during 
different time intervals: 0, 15, 30, 60, 120, and 180 
min. The bone meal was removed by filtration in a 
vacuum system. The experiments were carried out 
in duplicate.  Inductively coupled plasma optical 
emission spectrometry (ICP-OES) was used to 
determine the concentration of U. The uptake 
amount of U onto the biomaterial was calculated 
using equation Eq. (1) [34]. 
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                      𝑞𝑞 = (𝐶𝐶0−𝐶𝐶)𝑉𝑉
𝑚𝑚                                  (1)                                              

where q is the uptake of uranium (mmol g-1), C0 is 
the initial uranium concentration in solution (mmol 
L-1), C is the equilibrium concentration in solution 
(mmol L-1), V is the volume of solution (L), and m 
is the mass of the biosorbent (g).  

2.4. Equipment and analytical methods 

Scanning electron microscopy (SEM) images of 
the biosorbents were collected by a Hitachi TM3000 
(Tokyo, Japan) tabletop microscope. EDS data were 
collected by this microscope coupled with a 
tungsten source and acceleration voltages of 5 and 
15 kV with an electron beam resolution of 30 nm. 
Images were obtained with magnification from 500 
to 1500 times. The determination of U in the 
adsorbate solutions was made by ICP-OES from 
Perkin Elmer (EUA), model Optima 7000 DV. 

3. Results and discussion 

3.1. Morphological analysis 

Morphological analysis by SEM was conducted 
to investigate surface transformations during U 
adsorption. Fig. 1 shows the micrographs and X-ray 
spectrometry (EDS) for hydroxyapatite and bone 
meal before biosorption and Fig. 2 after the 
treatment. 
 

  

  
 
Fig. 1. Morphological analysis of raw material: (A) 
Micrograph of the bone meal; (B) X-ray 
spectrometry (EDS) of bone meal; (C) Micrograph 

of hydroxyapatite; (D) X-ray spectrometry (EDS) of 
hydroxyapatite. 
 

 
 

 
 

Fig. 2. Morphological analysis after 30 min in 
contact with the solution: (A) Micrograph of the 
bone meal; (B) X-ray spectrometry (EDS) of bone 
meal; (C) Micrograph of hydroxyapatite; (D) X-ray 
spectrometry (EDS) of hydroxyapatite. 
 
The predominance of Ca and P was observed in the 
EDS, which is consistent with the composition of 
both hydroxyapatite and bone meal. After treatment, 
it was possible to observe a peak of U in both 
materials, evidencing its adsorption.  

3.2. Experimental data obtained through the 
biosorption technique 

The efficiency and the equilibrium adsorption 
capacity of each adsorbent were evaluated by 
adsorption over 180 min. The effect of the contact 
time on the removal of uranium by bone meal and 
hydroxyapatite is shown in Fig. 3. Although most of 
the uranyl ions had been removed after 
approximately 15 min, a minimum of 30 min was 
necessary to reach pH and adsorption equilibrium, 
at which the adsorption capacities were of 34 mg g-

1 for both biosorbents (> 98% removal efficiency). 
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Fig. 3. Effects of experimental condition on 
uranium adsorption ability: (A) pH value, (B) 
contact time. In (B), q (mg g-1) values are given by 
(filled square) – hydroxyapatite and (filled 
diamond) – bone meal; % Removal is given by 
(empty square) – hydroxyapatite and (empty 
diamond) – bone meal. 

4. Conclusions  

The adsorption capacity to remove U from 
aqueous solution by bone meal and hydroxyapatite 
was evaluated in this work. The application of these 
biomaterials for this purpose is attractive and 
advantageous because of their efficiency in 
removing this hazardous radionuclide and for being 
low cost materials. The uptake of U was fast and 
achieved in approximately 15 min. The biosorption 
assays were carried out in a batch system and 
indicated a viable treatment procedure for extracting 
U. Further investigations might be necessary to 
ascertain the biosorption performance by these 
materials by analyzing changes in variables such as 
concentration and pH. 
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