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ABSTRACT

The di calcium phosphate,  widely used to manufacture fertilizers and animal ration, is  extracted from rock 
minerals. Some of these rocks, as fluorapatite and collophanite, had together with the calcium phosphate, traces 
of elements as Fe, F, Mg, Mn, Th and U. Most of these elements are considered to be proper additives for 
fertilizers  and  animal  ration.  In  the  same time,  the  presence  of  U and Th is  inappropriate  and  potentially 
harmful. The  risks  posed  are  more  than  radioactive  exposure,  it  is  rather  chemical  contamination  and  its 
biological effects, since U and Th have strong chemical affinity with many substances present in live organisms, 
specially phosphorus. The effects of U and Th in bone microarchiteture are still unknown. The aim of this work 
was to study bone microarchiteture changes in mice fed with animal ration enriched with uranyl phosphate and 
thorium nitrate, both compounds present in the nuclear fuel cycle. At regular intervals(24, 72, 120 and 168 hours 
after beginning of the enriched feeding) subjects were sacrificed, blood and bone samples were collected and U 
and Th levels measured through wavelenght dispersive X ray fluorescence (WDXRF). We present the data of U 
and Th blood level and microarchiteture evaluation through micro computed tomography (microCT) for each 
mice studied. The results showed that the intake of U and Th does indeed affect bone porosity.

1. INTRODUCTION

The presence of natural radioactive elements U and Th in agricultural products occurs with 
some  frequency  and  it  is  due  to  soil  characteristics  and  is  considered  as  a  normal  fact. 
However, when present in processed foods, these elements are potentially risky to health. 
Some  additives  used  in  food  industry  are  derived  from  minerals  in  which  U  and  Th 
concentrations exceed the acceptable limits for its direct application or for use in agricultural 
fertilizers. 
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One of the main additives used in the manufacture of fertilizers and animal ration it is the 
DCP (di  calcium phosphate).  DCP is  used  world-wide  as  a  replacement  nutrient  in  soil 
degraded from intense agricultural activities or from soil erosion and is considered to be the 
major entrance for U and Th in the food chain [1]. This additive is obtained through the 
process of defluorination of the calcareous rock (Collophanite, Fluorapatite), (1). After this 
process, the DCP can contain up to 200 ppm of U [2].

4432223 CaHPOPOHCaF.)PO(Ca →+ (1)

1.1. Chemical Contamination by U and Th

Besides the harmful effects caused by radioactive emissions of U and Th, we must consider 
the risks caused by chemical interactions resulting from the presence of these elements in live 
organisms,  especially  mammals.  The  chemical  affinity  that  U  and  Th  have  for  the 
phosphorous-derived compounds widely present in the DNA chains and bone, for example, 
allows  a  deep  interaction  between  these  elements  and  cells  of  various  tissues.  U  also 
mimetizes Fe in several compounds, both organic and inorganic. Uranium decay products, 
such as Pb are also harmful. Although about 95% of uranium and thorium intake is excreted, 
the chronic intake of these elements in small doses is capable of causing increasing deposits 
in vital organs [3].

Several  studies show the effects  caused by continuous exposure of humans to  U and Th 
compounds. However these effects are due, in most cases, to the doses caused by radiation 
emissions. The accumulation of these elements in the human body can happen in a very slow 
way,  perhaps not enough to be detected initially by their  radioactivity or by their  visible 
neoplasic effects. But they cause immediate metabolic changes which can, in the long term, 
generate chronic and/or fatal illnesses.

X-Ray microtomography (microCT) has been widely used in several areas and is an excellent 
technique to study porosity in biological or non-biological specimens, such as bone. In fact, it 
can be used to study bone inner microarchiteture [4]. Many illnesses can be studied by this 
technique,  which allows to perform direct  microstructure analysis(in  2D and 3D) of both 
cortical  and  trabecular  bone  regions,  quantitatively  and  qualitatively.  Its  non-destructive 
characteristic and its high resolution make it a useful and powerful technique in comparision 
to the other conventional techniques applied to biological samples.

This paper presents a study in mice fed for 10 consecutive days with ration doped with U and 
Th at levels close to those found on the DCP after the process of defluoridation, (0.166% of 
U and 0.018% of Th). The aims of this study were: a)to investigate in a short period the 
effects caused by an accelerated chemical contamination of these elements in bone porosity 
through microCT, b)to determine the U and Th concentration in bone through WDXRF and 
c)to establish a relation between bone U and Th concentration and bone changes. 
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2. MATERIALS AND METHODS

2.1. Materials

The studies of U and Th chemical contamination were performed at Institute for Nuclear 
Engineering (IEN). The study was approved by CAUAP/IBCCF (Institutional Committee for 
the Use of Animals in Research), the University authority in animal subjects studies and was 
performed in accordance with the International Organizations of Medical Sciences (Geneva, 
Switzerland) and American Physiological Society recommendations. The animals were kept 
in controlled conditions of temperature (22-25ºC) alternating cycles of 12h light/12h dark. 

It was used 8 male non-isogenic mice of Swiss lineage (4- 6 weeks-old, 30 and 34 g) from 
which  two groups of  4  elements  were assembled.  A group,  called  control,  was  fed with 
regular ration. The other group, called test, was fed with contaminated ration with phosphate 
solution which concentration was 0.166% of U and 0.018% of Th. The groups were feed 
daily with identical quantities of their rations. The duration of the experiment was 7 days. 
The two groups were kept in the same environment conditions, in separate cages and without 
any proximity.

The chemical and biological wastes of this study have had their activity carefully monitored, 
and were treated and discarded according to the rules and recommendations of the Brazilian 
Nuclear Authority - Comissão Nacional de Energia Nuclear (CNEN).

Blood  and  bone  samples  were  collected  together,  after  24,  72,  120  and  168  hours  of 
experiment and analyzed by microCT and WDXRF.

2.2 Methods

2.2.1. WDXRF - Chemical treatment of blood samples

The  blood  samples  were  weighed  in  digital  scale  and  digested  in  a  small  volume  of 
concentrated nitric acid with heating in a temperature of 80°C. After complete drying, the 
samples  were dissolved in  a  known mass  of  nitric  acid  1mol.L-1.  The  technique  used to 
measure U and Th was WDXRF. It was used a Rigaku Equipment Co. Ltd.  - semi-automatic 
model  generator  with Geiger Flex,  X-ray tube with silver anode submitted to 40 kV and 
activated with Tl. 
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Although the matrix of these samples is a complex one, an analytical curve for equipment 
calibration was developed with similar matrix and presented no significant difference when 
compared  to  other  curve  prepared  with  identical  patterns  but  with  a  simpler  matrix. 
Therefore, the use of analytical curves with simpler matrix was chosen for the calibration of 
X-ray  fluorescence  of  these  samples.  For  the  analytical  curves  it  was  used  solutions 
containing  Th  and  U  in  HNO3 1mol.L-1  in  the  following  concentrations:  0.005g.L1; 
0.0075g.L-1; 0.015g.L-1; 0.03g.L-1; 0.045g.L-1 and 0.1g.L-1.

2.2.2. MicroCT - Bone samples

After the animals were sacrificed, the samples were removed and surgically cleaned of fat 
tissue and skin. After that they were stored in ethanol 70 % and then cleansed by Dermestis 
beetle larvæ[5]. 

The microCTs were performed with microfocus X-ray tube operated at 100 kV and 100 µA. 
The distance between the object and the source was 47.2 mm and the distance between the 
object and the detector was 216.7 mm (4.59 magnification factor). Image reconstruction was 
performed based on Feldkamp algorithm [6].

In order to quantify the porosity of samples trabecular regions, it was used a round region of 
interest (ROI) with 100 slices and 1.03 mm². Figure 1 shows an example of the ROI (in red) 
used in the femoral head. 

Figure 1. Microtomography slice with ROI in red.
After the choice of the ROI and the volume to be quantified the images must be processed 
into binary images - black (non bone) and white (bone) pixels with different threshold limits. 
Optimal  threshold  choice  is  crucial  for  determining  the  correct  parameters,  such  as 
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BV/TV (bone  volume)  [4].  Figure  2  shows  an  example  of  one  binary  image.  After  the 
binarization(when bone = white and empty = black), porosity is simply calculated by the 
reason: (black pixels)/(all pixels).

Figure 2. Binary process: (a) original image, (b) choice of the circular ROI and (c) 
binary image.

3. RESULTS and DISCUSSION

Figure 3 shows the U and Th levels found in blood. It can be notice that they were relatively 
low  when  compared  with  its  concentration  in  the  contaminated  ration  intake,  probably 
because subjects’ metabolism is very fast and its excretion is high in urine and fæces [7].

Figure 3. U and Th concentrations in blood.

24  hours  after  the  beginning  of  the  experiment  the  U  levels  in  blood  reached  the 
concentration of 0.02mg/g and have had its maximum within 0.160mg/g, 168 hours after the 
beginning of the experiment.
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The Th, present in the ration in much inferior concentration than U, showed higher levels in 
blood. As it is metabolized slowly mices’s organisms(because of it’s smaller concentration, 
compared to U) it’s slowly excreted, allowing its accumulation and raisesing Th levels in 
blood. In the first 24 hours of feeding the Th level in blood reached the concentration of 0.17 
mg/g, continuing to grow until the maximum of 0.85mg/g at 168 hours. 

Table  1 shows the bone porosity results by microCT technique.  We present  each sample 
obeying the order in which it was collected: R1 after 24 hours, R2 after 72 hours, R3 after 
120 hours and R4 after 168 hours.

Table 1 – Bone Porosity Results

Samples Bone Porosity (%) Hours of 
Treatment

R1 30.9 24

R2 41.7 72

R3 36.7 120

R4 32.5 168

It was possible to notice that the intake of U and Th affected bone porosity. The highest 
porosity value (41.74%) was achieved with high U and Th levels in blood (0.2 and 0.3 mg/g, 
respectively), which shows that a correlation between bone porosity and ingestion of U and 
Th compounds does exist.

Bone porosity increased at first, suggesting demineralization of the bone. Nevertheless, after 
120 hours, it’s suggested that U and Th started to accumulate in the bone, causing a reduction 
of porosity. Further chemical analysis of bone samples is needed in order to establish what 
chemical mechanism exists behind U and Th incorporation in bone.

We suggest  further  studies about  U and Th chemical  contamination in medium and long 
terms as our short term study indicates that a correlation between U and Th ingestion and 
bone changes does exist but it’s still hard to quantify these changes.

We also suggest  bone analysis  with synchrotron radiation x-ray fluorescence,  in  order  to 
determine U and Th distribution and incorporation in bone spatially.

Figure 4 shows an example of one 3D representation bone sample R1, after  24 hours of 
treatment. 
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We  can  clear  and  sharply  see  mice's  trabeculae  at  any  direction(X,  Y,  Z)  as  well  as 
investigate its microarchiteture:

           
Figure 4. Example of one 3D reconstruction - Circular ROI.

4. CONCLUSIONS

The results demonstrates changes in bone microarchitecture in mice fed for two weeks and 
confirms that the microCT is indeed an ideal method for evaluating bone microarchiteture of 
mice. 

Results  also  point  out  the  correlation  between  U  and  Th  intake  and  changes  in  bone 
microarchiteture.
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