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Abstract 
The trace elements distribution embedded in bone offers a means to study exposure of toxic 
metals and allows the reconstruction of dietary behaviour. The quantification of most of the 
elements with a spatial high resolution (5 μm) is routinely achieved using laser ablation 
inductively coupled plasma mass spectrometry (LA-ICP-MS). However, the lack of a 
comprehensive framework of trace elements distribution in bone jeopardizes any endorsed 
sampling strategy using LA-ICP-MS. The present work is an effort to improve our knowledge 
on this issue. We studied a femur bone head treated with La2O3NPs at 1.0 mg kg−1 (T1), 10.0 
mg kg−1 (T2), and 100 mg kg−1 (T3) body weight (bw) and the control rats (CTR). Using LA-
ICP-MS, we measured Ca, Cu, Zn, Ni, Sr, Ba and Pb in a cross section of the femur bone head, 
where higher amounts of the elements are present at the external part of the bone. Calcium 
concentrations are higher in control than in the La2O3NPs treated bone. The Pb/Ca, Cu/Ca, 
Ni/Ca, Zn/Ca, Sr/Ca and Ba/ Ca ratios were higher in control femur head but vary within T1, 
T2 and T3 body weight (bw). Considering the Ca-normalized bone variations of Pb, Cu, Ni, Zn, 
Sr and Ba, it was demonstrated that La2O3NPs are incorporated on the surface of the bone and 
it has a small influence on some of the other elements evaluated. 
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1.0 Introduction 
Bone formation and growth is controlled by a complex array of feedback processes that 
depends on several biological and environmental factors (i.e. exposure to toxicants). A number 
of toxicological studies have demonstrated that bone tissue is highly sensitive to many types 
of toxic substances (i.e., heavy metals, organochlorine compounds) which affect bone 
composition and mineralization, producing specific bone abnormalities and pathologies [1, 2, 
3]. Healthy bone is a mineralized connective tissue composed by water, an organic phase 
(mainly collagen type I) which surrounds the mineral crystals, and an inorganic part best 
approximated as hydroxyapatite [Hap] (Ca10(PO4)6(OH)2), that makes about a quarter of the 
bone volume and 60–70% of dry weight of adult normal bone. The fraction of calcium in 
hydroxyapatite is 39.9%, phosphorous 18.5% and the Ca/P ratio is 2.2 [4, 5]. Hydroxyapatite 
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is composed of various elements, covering nearly 50% of the elements in the periodic table. 
Among these, a number of metal cations (e.g. Mg2+, Sr2+, Zn2+, Na+ and K+) are present in 
biological HAp by substituting Ca2+, and anions (e.g. CO3

2-, F- and Cl-) are present by 
substituting PO4

3- or OH-. The major substituting ions in the biological HAp are CO3
2- (7.4%), 

Na+ (0.9%), Mg2+ (0.72%), K+ (0.03%), F- (0.03%) and Cl- (0.13%), [6] whereas trace 
elements, such as Fe2+, Zn2+ and Sr2+, can be also found in biological HAp. [7] It should be 
noted that the substitution of PO4

3- by CO3
2- (B-type substitution) [8] produces lattice vacancies 

on both Ca2+ and OH- sites to compensate for the charge difference between PO4
3- and CO3

2- [ 
9]. This is also true for the substitutions of Ca2+ by monovalent (Na+, K+) or trivalent (Al3+, 
Fe3+, La3+) cations [10, 11]. Biological apatite found in bone, enamel or dentin is often referred 
to as hydroxyapatite (HAp: Ca10(PO4)6(OH)2) [12]. 
For vertebrate animals, the bone has an important role in the regulation of the concentrations 
of several essential inorganic nutrients, such as P, Ca, and Mg, in the cell or biological fluids 
[13, 14]. Calcium is one of the chemical elements essential to human beings, with which the 
normal functions of the cardiovascular, neuromuscular, and central nervous systems are 
associated. In their sizes, bonding, coordination geometry and donor atom preference, 
lanthanide ions (La3+) are remarkably similar to Ca2+, which permits La3+ to occupy Ca2+-
binding sites. But due to their higher valency, La3+ should behave much stronger binding ability 
than Ca2+, [15]. Therefore, the existence of La3+ will affect most of membrane transport 
processes involving Ca2+. For example, when applied extracellularly, La3+ can inhibit plasma 
membrane Ca2+ pumps [16], capacitative Ca2+ entry, Na+/Ca2+ exchange [17]. 
The trace elements distribution embedded in bone represents an archive of the environmental 
conditions that prevailed when the bone was forming, but this information needs to be 
deciphered using appropriate techniques. Since the first study published around 1995 [18], laser 
ablation hyphenated to inductively coupled plasma mass spectrometer (LA-ICP-MS) is 
becoming increasingly utilized for analyzing tooth enamel and bone in toxicological and 
archaeological sciences. Two main reasons explain this keen interest. The first is linked to the 
ICP-MS capabilities, such as large linear response, low limits of detection (bμg/g) and multi-
elemental analysis [19]. The second reason is that enamel has an incremental structure that 
allows the spatial reconstruction of chemical variations in relation to growth patterns [20]. 
Three main avenues of research are currently analyzing teeth and bone with LA- ICP-MS: 
toxicology, paleo-biology and diagenesis. Exposure of toxic metals, such as Pb, and further 
incorporation in the body can be monitored by analyzing bone and tooth enamel levels and 
spatial distribution [21, 22, 23, 24, 26, 27]. Ingestion of metals that are segregated by mammal 
metabolism, such as Sr and Ba, and whose dietary level dramatically change during weaning, 
can be reconstructed by analyzing spatial variations in bone and tooth enamel [28, 29, 30, 31, 
32, 33].  
A concern for studying the chemical composition of bone and tooth enamel by means of LA-
ICP-MS is to decipher chemical variations linked to age related changes from those generated 
by bone formation and dental growth. Ideally, bone and teeth must be sectioned to have a flat 
surface suitable for the laser ablation technique. It is in some cases however impossible, like 
for precious fossil samples such as hominins teeth. The laser ablation is thus performed on the 
surface of the bone and teeth enamel but this can lead to instrumental elemental and isotopic 
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fractionation because the laser can be unfocused if the surface is too curved. Working with 
laser ablation on the surface of a tooth can yield accurate but locally restricted results [34], 
which can be problematic for highly variable parameter such as the 87Sr/86Sr ratio [35]. An 
alternative is to work on broken bone and perform the ablation profiles along the crack [36]. 
Nowadays, it is possible to obtain, thanks to big data computing, a full bio-image of 
concentrations [37, 38, 39, 40]. The results are usually impressive, but the technique is still 
highly time consuming (and as consequence expensive), even if the bio-image is interpolated 
from a grid of spots. 
In conclusion, there is still a need for a fast and reliable strategy to analyze bone by means of 
LA-ICP-MS. In the present work, we have analyzed the effect of La2O3NPs on calcium (Ca), 
copper (Cu), zinc (Zn), nickel (Ni), strontium (Sr), barium (Ba) and lead (Pb) after 
administration of La2O3NPs to rats during 30 days. Different doses of NPs were administered 
to the animals by gavage. We propose that the most suitable location to perform laser ablation 
profile is along the femur head, because this area retains most of the information without 
significant attenuation. 
 
2.0 Materials and Methods 
This study was performed on the time course and effects of the incorporation/efflux of 
lanthanum into/out of bone. Out of the 30 available bone samples, 12 were selected according 
to the bone lanthanum content and bone histology. 
 
2.1 Reagents and Standards 
La2O3 nanoparticles were purchased from Nanoamor (Houston, USA), with 99.9% purity. 
Water was distilled, de- ionized, and then purified to obtain 18.2 MΩ cm resistivity (Milli-Q 
system, Millipore corp., Bedford, USA). Concentrated HNO3 (65%, Merck, Darmstadt, 
Germany) was purified using a sub-boiling system (Milestone, Model Duopor, Bergamo, 
Italy). A multi-element standard solution containing 10 mg L−1 of each element (SCP33MS, 
SCP Science, Quebec, Canada) was used to prepare calibration solutions in the range of 0.025 
to 10 μg L−1 for PN-ICP-MS and 5 to 100 μg L−1 for ICP OES. A multi-elemental standard 
(Merck) with concentration ranging from 0.1 to 10 mg L−1 of   Ca, Mg, S, P, K, and Na was 
used for determination of elements with higher concentration by ICP OES. La2O3NP 
suspensions were prepared in purified water, sonicated in an ultrasonic bath for 10 min and 
immediately administered to the animals. 
 
2.2 Animals 
Male Wistar rats (200 to 290 g at the start of the experiment (N = 30) at 60 days of age) were 
acquired from Biotério Central of Universidade Federal de Santa Maria, Santa Maria, Brazil. 
Before submitting it to La2O3NP treatment, the animals spent a period of 7 days of adaption in 
a group of five in polypropylene cages. The animals were acclimatized under standard 
conditions of temperature (23°C ± 1), 50 to 60% relative humidity, and 12 h light/12 h dark 
cycles. The food and water were provided ad lib. Rat standard diet was used to feed the animals 
which contains the basic components for the animal diet. The food was acquired from Alisul 
Alimentos Brazil (Supra), which informed composition is moisture (max) 120 g kg−1 (12%), 
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crude protein (min) 220 g kg−1 (22%), ether extract (min) 25 g kg−1 (2.5%), fibrous matter 
(max) 60 g kg−1 ( 6%), mineral matter (max) 100 g kg−1 (10%), Ca 8000–12000 mg kg−1 (0.8–
1.2%), P (min) 7000 mg kg− 1 (0.7 %), methionine ( min)  3000 mg kg−1, vitamin A (min) 7000 
UI kg−1, vitamin C (min) 50 mg kg−1, vitamin D3 (min) 2000 UI kg−1, vitamin E (min) 15 UI 
kg−1, vitamin K3 (min) 1 mg kg−1, vitamin B1 (min) 2 mg kg−1, vitamin B2 (min) 6 mg kg−1, 
vitamin B6 (min) 3 mg kg−1, vitamin B12 (min) 9 mg kg−1, folic acid (min) 1 mg kg−1, 
pantothenic acid (min) 12 mg kg−1, biotin (min) 0.5 mg kg−1, choline (min) 500 mg kg−1, niacin 
(min) 20 mg kg−1, Cu (min) 9 mg kg−1, Fe (min) 40 mg kg−1, I (min) 1 mg kg−1, Mn (min) 90 
mg kg−1, Se (min) 0.4 mg kg−1, and   Zn (min) 50 mg kg−1. Lanthanum was determined in food 
and water, and the concentration was lower than 0.03 μg g−1 and 0.01 μg L−1. The study was 
approved by the Animals Ethics Committee of the university (protocol number 4250170317). 
 
2.3 Treatment of Animals for Chronic Toxicity Study of La2O3NPs 
Chronic toxicity of La2O3NPs was discovered after a 7-day stabilization period. The animals 
were randomly divided into four groups as follows: group 1 (10 rats) served as the control 
group (CTR), group 2 (10 rats) received 1.0 mg kg-1 of La2O3NPs per body weight (T1), group 
3 (10 rats) received 10.0 mg kg-1 of La2O3NPs per body weight (T2), and group 4 (10 rats) 
received 100 mg kg-1 of La2O3NPs per body weight (T3). A constant volume of NPs suspension 
was used once daily for 30 days, 5 days a week, at dose equivalents of 1.0, 10.0, and 100 mg 
kg-1 body weight. Every animal was weighed once a week. The vehicle (water) was given to 
the control animals in a single dose only. All solutions were given by gavage in a volume of 
1.0 mL kg-1 body and between 04 pm and 05 pm. The animals were weighed after treatment 
and euthanized with halothane (1-bromo-1-chloro-2,2,2-trifluoroethane). Femur bones were 
extracted for further research. The femurs were promptly preserved at -20°C until they were 
analyzed. 
 
2.4 Preparation of Bone for Analysis 
The male Wistar rats' femoral bone was thawed at room temperature and then dried to a 
consistent weight at 105 °C. The dry materials were pulverized in an agate mortar until the 
granulometry was less than 100 m for total element determination. The thawed femur was 
sliced using a saw and then sanded to a flat smooth homogeneous surface for LA-ICP-MS 
analysis. The epiphyseal line was cut cross sectional through the bone's head. A 2 mm thick 
slice of bone sample was then glued to a glass slice and ablated directly. One line was ablated 
twice to assess potential contamination from the sample preparation technique. The signal 
strength of the elements was identical at the first and second ablations (surface of the sample), 
indicating that no major contamination occurred. 
 
2.5 Instrumentation and Measurement Procedure 
LA-ICP-MS measurements were carried out with the help of a CETAC LSX-266 (at 266 nm) 
LA system (Cetac Technologies, Inc., USA) linked to a PerkinElmer ELAN DRCII apparatus. 
With changes, the laser ablation parameters described by Vašinová Galiová and co-authors 
[41] for spatially resolved analysis were used. 
To obtain images of element distribution, multiple line modes were used to ablate the bone 
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samples. The laser beam's resolution (spot size) was set to 100 μm, and the laser's speed was 
set to 100 μm s−1. The ablation lines were separated by 10 μm. LA-ICP-MS measurements 
were carried out with the help of a CETAC LSX-266 (at 266 nm) LA system (Cetac 
Technologies, Inc., USA) linked to a PerkinElmer ELAN DRCII apparatus. With changes, the 
laser ablation parameters described by Nunes and co-authors [42] for spatially resolved 
analysis were used. To obtain images of element distribution, multiple line modes were used 
to ablate the bone samples. The laser beam's resolution (spot size) was set to 100 μm, and the 
laser's speed was set to 100 μm s−1. The ablation lines were separated by 10 μm.  
 
2.6 Statistical Analysis of the Results 
One-way ANOVA was used to evaluate the data acquired for the control and treatment groups. 
The data were previously assessed in terms of their distribution, and it was discovered that they 
follow a normal distribution. All results were given as the mean and standard deviation (mean 
SD). To confirm the significance of positive responses, multiple pairwise comparisons were 
performed using Dunnett's multiple comparison post-test and Student's 't' test. Graph Pad Instat 
Prism 3 Software package for Windows (Graph Pad Software, Inc., La Jolla, CA, USA) was 
used for statistical analysis. For all tests, the statistical significance level was set at P 0.05. 
 

Table 1 Operating conditions for ICP-MS, LA-ICP-MS, and ICP OES instrument 

Parameters ICP-MS LA-ICP-MS ICP OES 

RF power, W 1300 1300 1400 
Plasma gas flow, L 
min−1 

15 15 15 

Auxiliary Argon 
flow, L min−1 

1.2 1.2 0.20 

Nebulizer Argon 
flow, L min−1 

1.10 1.30 0.70 

Dwell time, ms 40 20 - 
Sweeps per reading 5 1 - 
Reading per replicate 5 Variable - 
Replicates 3 1 3 
Isotope monitored, 
m/z 

139La,55Mn,65Cu,13C, 
82Se,98Mo 

23Na,26Mg,27Al,31P, 
32S,39K,43 
Ca,55Mn, 56Fe,63Cu,66Zn,87 

- 

     Sr, 138Ba,139La 
      Wavelengths, nm        -          - Ca(393), Fe(238), K(766), Mg(285), P(214), Zn(206) 

Carrier gas flow rate, L 
min−1 

- 1.30 - 

Ablation cell volume, 
mL 

- 50 - 

Ablation frequency, Hz - 20 - 
Spot size, μm - 100 - 
Fluency, J cm−2 - 11.9 - 
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Scan rate, μm s−1 - 100 - 
Pulse width, μm - 5 - 
Ablation method - Single and multiline  

3.0 Results 
Table 2 compares the Ca-normalized Ni, Zn, Cu, Sr, and Ba ratios of the control group (CTR) 
to the values obtained in (T1), (T2), and (T3). 
Table 2: The Ca-normalized Mn, Zn, Cu, Sr, Ba, and Pb ratios of the control group (CTR) 
standard were determined, and the results were obtained in 1.0 mg kg-1 of La2O3NPs per body 
weight (T1), 10.0 mg kg-1 of La2O3NPs per body weight (T2), and 100 mg kg-1 of La2O3NPs 
per body weight (T3).  
 

 Mn/Ca Zn/Ca Cu/Ca Sr/Ca Ba/Ca Pb/Ca 

Average ratio in the 
control sample (CTR). 

3 × 10−4 5.6 × 10−4 3.0 × 10−4 1.1 × 10−4 1.5 × 10−4 3.8 × 10−4 

Average ratio in the 
treatment I (T1) 

3.3 × 10−4 4.7 × 10−4 3.1 × 10−4 2.0 × 10−4 3.4 × 10−4 1.0 × 10−4 

Average ratio in the 
treatment II (T2) 

4.2 × 10−4 4.6 × 10−4 2.6 × 10−4 2.7 × 10−4 3.9 × 10−4 2.9 × 10−4 

Average ratio in the 
treatment III (T3) 

3.9 × 10−4 2.1 × 10−4 4.2 × 10−4 2.2 × 10−4 2.1 × 10−4 2.8 × 10−4 

 
Strontium was found in all bones at the Ca-normalized Sr ratio (Table 2), with a significantly 
greater value found in the femur bone of the male Wistar rat treated with 10.0 mg kg-1 
La2O3NPs (T2). The distribution of characteristics in the Sr map of the control and T3 femur 
bone heads observed is distinct and significantly more homogeneous, as demonstrated in 
Figures 1 and 4. The Sr concentration in CTR rats was lower than in T1 and T2. Strontium 
concentrations in bone T2 show a distinct fluctuation, which is visible as a yellow-colored 
zone, correlating to a higher concentration of Sr, which corresponds to an 87Sr/43Ca rat 
 

         

               



SPATIAL DISTRIBUTION OF TRACE ELEMENT CA-NORMALIZED RATIOS IN BONE AFTER ACUTE ORAL ADMINISTRATION OF LA2O3NPs. 

 
Journal of Data Acquisition and Processing Vol. 38 (4) 2023      1256 

 

Fig. 1. Images of Mn, Zn, Cu, Sr, Ba, and Pb ions of control male wistar rat femur head bone 
measured by LA-ICP-MS 

 
larger than around 20, as shown in Fig. 1. The Ca-normalized Zn ratio was lower in the bones 
of NP-treated animals than in the control sample. Figures 1–4 illustrate that the highest Zn 
concentrations were found along the bone's outer edge, with the inside region of the bone head 
having very low amounts. Zinc concentrations in bone T3 show a distinct fluctuation, which is 
visible as a yellow-colored zone, correlating to a lower concentration of Zn, which corresponds 
to a 66Zn/43Ca ratio less than 2.1, as seen in Fig. 4. The increased quantity of the element Pb 
was found solely on the bone's surface (Figures 2–4). Table 3 shows that Pb is distributed in 
the following order using the ratio 208Pb/43Ca: T1 T3 T2 CTR. 

     

      
Fig. 2. Images of Mn, Zn, Cu, Sr, Ba, and Pb ions of 1.0 mg kg−1 of La2O3NPs per body 

weight (T1) male wistar rat femur head bone measured by LA-ICP-MS 
 
Figures 1–4 show the geographical distribution of Mn in a cross section of the treated femur 
bone heads and control sample, as measured by the LA-ICP-MS ratio of 55Mn/43Ca. The Mn 
concentration of the femur bone head cross section differed significantly within and between 
animal groups. The outer areas of samples T1, T2, and T3 are richer relative to the center areas, 
according to ablation pictures. There are also many sites with very increased Mn deposits. 
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Fig. 3. Images of Mn, Zn, Cu, Sr, Ba, and Pb ions of 10.0 mg kg−1 of La2O3NPs per body 

weight (T2) male wistar rat femur head bone measured by LA-ICP-MS 
 
Cu spatial elemental distribution patterns in ablated femur bone head demonstrate significant 
variation within regions and diverse element distributions. The outer portions of the bone 
sample had higher normalized intensities of the 63Cu/43Ca than the core region. The Ca-
normalized Cu ratios were found to be lowest in T2 (2.6 x10-6) and greatest in T3 (4.2 x10-6) 
as shown in Table 2. 
 

 
Fig. 4. Images of Mn, Zn, Cu, Sr, Ba, and Pb ions of 100.0 mg kg−1 of La2O3NPs per body 

weight (T3) male wistar rat femur head bone measured by LA-ICP-MS 
 
Figures 1–4 show the geographical distribution of Ba in a cross section of the treated femur 
bone heads and control sample, as measured by the LA-ICP-MS 138Ba/43Ca ratio. The amount 
of Ba in the femur bone head cross section differed significantly among and across groups of 
animals. Figures 1–4 show that the periphery areas of samples T1, T2, and T3 are richer 
compared to the center areas. There are also multiple places with sharply elevated Ba deposits, 
and as shown in Table 2, the values of the Ca-normalized Ba ratios were lowest in T3 (2.1 x10-

4) and greatest in T2 (3.9 x10-4). 
There were no significant differences in Mn/Ca ratios between T1, T2, and T3 femur head bone 
of the male wistar rat (P = 0.5509, Fig.5). This is most likely owing to the male Wistar rat's 
femur bone's extremely low Mn level. The Zn/Ca ratios in the femur bone head of male wistar 
rats treated with 10 mg/kg and 1 mg/kg La2O3NP are higher than in the other treatments (P 
=0.0319, Fig. 5).  In contrast, the Cu/Ca ratios are lower in male wistar rat femur bone heads 
treated with 10 mg/kg La2O3NP than in other treatments (P = 0.0833, Fig. 5), and the Sr/Ca 
ratios do not differ among male wistar rat femur bone heads (P = 0.7216, Fig. 5). 
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Fig. 5. Correlations between Ca content and levels of the trace elements Ba, Cu, Mn, Pb, Sr 
and Zn in the La2O3NP treated femoral head bone of male wistar rat measured by LA-ICP-

MS. 
 
There is no sign for the Mn/Ca ratios.T1 and T2 Ba/Ca ratios are similar (P = 0.6905, Fig. 5). 
However, the femur bone head of male wistar rats treated with 100 mg/kg La2O3NP was lower. 
There were no significant differences in Pb/Ca ratios between T2 and T3 femur head bone of 
the male wistar rat (P = 0.8906, Fig.5). This is most likely owing to the male Wistar rat's femur 
bone's extremely low Mn level.  
 
4.0 Discussion 
4.1 Variations between La2O3NP treated femoral head bone of male wistar rat measured 
by LA-ICP-MS 
The purpose of this work was to determine the geographical distribution of trace element ca-
normalized ratios in the bone of male wistar rats following acute oral administration of 
La2O3NPs.  
The absorption of La2O3NPs can be attributed to the fact that some of them exist as 
agglomerates [43]. The effects of oral administration of La2O3NPs on the spatial distribution 
of trace element ca-normalized ratios in male wistar rats' femur bone were studied. The bone 
matrix is reported to be 90% hydroxyapatite (Ca10[PO4]6[OH]2), with Ca, P, and much less Mg 
as significant ingredients. Furthermore, the bone elements K and Na, which are closely related 
to Ca metabolism, as well as Mn, Cu, and Zn, are co-factors for enzymes [44].  
The differences in the Zn/Ca ratio between T1, T2, and T3 femur bone of male Wistar rats for 
a given profile are not significant, but this is owing to a small number of analyses (Fig 5).  In 
the case of Zn, taking the entire data-set into account does not improve the statistics since it 
combines low Zn/Ca values in "T3" profiles with high Zn/Ca values in "T1" and "T2" profiles 
(Fig. 5) [45] 
In T1, T2, and T3, the transition metals Ni and Cu have lower and larger Ca normalized ratios, 
respectively. Transition metals are bio-essential elements that are metabolically controlled, 
therefore no concentration changes are predicted in normal/healthy conditions [46]. The fact 
that the Ni/Ca and Cu/Ca ratios alter between T1, T2, and T3 femur head bone suggests that 
the metabolic control of Ni and Cu differs when La2O3NPs are administered orally. In femur 
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head bone, the alkaline metals Sr and Ba, which have equivalent electrical characteristics as 
Ca, have lower Ca normalized ratios in T1, T2, and T3. 
 
4.2 Ca-biopurification in femur bone 
Ca-biopurification reflects the favorable component through which Sr and Ba decrease in 
transferring Ca via physiological reactions [47].  According to the [48] study, the Sr/Ca and 
Ba/Ca ratios decrease in animals with climbing trophic position. The Sr/Ca and Ba/Ca ratios in 
bone vary linearly at the trophic chain size when expressed in log scale, showing that the Ca-
biopurification process of Sr and Ba between two successive trophic steps is related by a power 
law [49]. 
 

 
Fig. 6. Variations of the Sr/Ca and Ba/Ca ratios in the La2O3NP treated femoral head bone of 

male wistar rat measured by LA-ICP-MS expressed in log scale. 
 
According to the findings of this study, the Ca-biopurification process of Sr and Ba in La2O3NP 
treated femur head bone follows the same power law (Fig. 5).  The finding that the Ca-
biopurification mechanism in bone is equivalent has two major implications. The first point to 
mention is that the Sr partitioning coefficients in bone are similar. This is also true for Ba, 
extending the conclusions of Balter and Lécuyer [50] to the 37 °C temperature.  
 
Conclusions 
LA-ICP-MS is an effective approach for bio-imaging trace elements in bone, however the 
information encoded in the bone's intricate structure is difficult to decode. LA-ICP-MS was 
utilized to evaluate Ca-normalized trace element ratios along profiles of the femur bone head 
after rats were given La2O3NPs for 30 days. It was found that some systematic differences 
between the values obtained in 1.0 mg kg−1 of La2O3NPs per body weight (T1), 10.0 mg kg−1 
of La2O3NPs per body weight (T2), 100 mg kg−1 of La2O3NPs per body weight (T3), notably 
for the Cu/Ca, Mn/Ca, Zn/Ca, Sr/Ca, Pb/Ca and Ba/Ca ratios, reflecting the in utero 
incorporation of the elements. The treated femur bone head also had a higher Zn content than 
the other elements. This finding is significant in developmental biology because it can translate 
some chemical cues that inhibit bone growth. Taking all of these findings into consideration, 
the study recommends that one raster along the femur bone head will most likely blend all of 
the chemical information. 
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