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Introduction 
 
Lanthanum (La) and the lanthanides (Ln) are the elements, numbered 57-71 of the 

periodic table. La and Ln occur more frequently than their name implies. Contents of a 
number of lanthanides in the earth's crust is higher than, for example, copper. The rarest of the 
lanthanides – Tm, is much more common than silver. The most abundant La and Ln are 
cerium, lanthanum and praseodymium. Most often, La and Ln are found in crystallized form 
in fossils and shales.  

In the second half of the 20 century begins the widespread use of La and Ln in the 
petroleum industry, nuclear power plants and metallurgy of special alloys. La and Ln have 
also been used as luminophores in the manufacture of color monitors and fluorescent lamps. 
Additionally, a large quantity of La and Ln gets into the environment during the production of 
phosphate fertilizers. Hence, the use of phosphate fertilizers significantly increased the 
content of La and Ln in the arable layer of soil.   1

Lanthanum and the lanthanides get into the human body not only with food, drinking 
water and air, but also as therapeutic agents. La and Ln were used for many years for their 
anticoagulant and antiemetic properties in medicine. It is also proposed to use lanthanide 
containing compounds for therapeutic care of chronic renal failure patients, as well as a 
treatment of bone density disorders, such as osteoporosis2-4   

There is increasing evidence that La and Ln administered ‘‘in vitro’’ or to 
experimental animals may influence a number of biological processes.5-11 This effect is due to 
the similarity of chemical properties of lanthanide and alkaline earth metals. Chemical 
similarity allows ions of La and Ln to replace not only the ions of Ba, Ca, Mg, etc., but also 
transition metal ions in many macromolecular systems, including enzymes. At the same time, 
the replacement of La and Ln ions with the ions of alkaline earth elements is impossible. 
Lanthanum and the lanthanides also form stable compounds with phosphates. 

According to studies conducted with the radionuclides La and Ln are bone-seeking 
elements. Bone is a tissue where the turnover these elements is extremely slow and its 
biological half-lives in bone were estimated to be from few years up to tens years. The long 
biological half-lives of lanthanides provide bone with several important features as a subject 
for environmental monitoring. First, element level in bone at any given time is an integral of 
intake (exposure) over the past several years to decades. Second, lanthanides accumulate in 
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the bone more than in other tissues of human body. This means that even low-level exposure 
can be detected if the exposure has continued for a long time. Third, due to the large weight of 
skeleton, the element level in bone reflects its total body content. Thus, bone is suitable index 
medium for evaluation of low-level and long-term intake (exposure) and the body burdens of 
lanthanides.  

Before bone analysis can be applied to monitoring environmental exposure it is 
necessary to establish normal values related to gender, age, inhabitancy and some other 
factors. As far as we know such data have not yet been obtained and/or published. 

 In the present study, La and Ln contents in human ribs were analyzed with three 
objectives in mind.  The first objective was to use intact bones, the second one was to perform 
measurements on residents of a non-industrial region in the Central European part of Russia, 
and the third objective was to investigate age- and gender relations.  

All studies were approved by the Forensic Medicine Department of Obninsk City 
Hospital and the Medical Radiological Research Center Ethical Committees.  

 
 

Materials and methods 
 

Samples of human rib bone were obtained at postmortems from intact cadavers (38 
female and 42 male, 15 to 55 year old) within 24 h of death. Each death had resulted from 
automobile accidents, falls, shootings, stabbing, hanging, acute alcohol poisoning, or 
hypothermia. All the deceased were citizens of Obninsk, a small city of non-industrial region 
105 km south-west from Moscow. None of those who died a sudden death had suffered from 
any systematic or chronic disorders before.  

The majority of samples were taken from the 3rd, 4th, 5th, or 6th rib from the right 
side. A tool made of titanium and plastic was used to clean samples off soft tissues and blood. 
Samples were freeze dried until constant mass was obtained.  A titanium scalpel was used to 
cut thin cross-sections of the rib weighing about 50-100 mg. Two sub-samples were received 
from each rib bone sample: one sub-sample for instrumental neutron activation analysis with 
using spectrometry of long lived radionuclides (INAA-LLR), and last one for inductively 
coupled plasma mass spectrometry (ICP-MS). The sub-samples for INAA-LLR were 
wrapped separately in a high-purity aluminum foil washed with rectified alcohol beforehand 
and placed in a nitric acid-washed quartz ampoule. The sub-samples for ICP-MS were 
decomposed in autoclaves.  
 The contents Ce, Dy, Er, Eu, Gd, Ho, La, Lu, Nd, Pr, Sm, Tb, Tm and Yb were 
measured by ICP-MS. Details of the samples decomposition, the spectrometer parameters, the 
main parameters of mass-spectrum measurements, the element content calculation, and the 
results of quality control were presented in our earlier publication concerning the ICP-MS of 
human bones.12

The contents Ce, Eu, Gd, La, Lu, Nd, Sm, Tb, and Yb were estimated by INAA-LLR 
too. Details of nuclear reactions, radionuclides, gamma-energies, methods of analysis and the 
results of quality control were presented in our earlier publication concerning the chemical 
elements of human bones.13  

Two certified reference materials Tea Leaves INCT-TL-1 and Mixed Polish Herbs 
INCT-MPH-2 were analyzed simultaneously with rib samples to estimate the precision and 
accuracy of results.  The samples of certified reference materials were treated in the same way 
as the rib samples. 



Using standard programs, the summary of statistics, arithmetic mean, standard 
deviation, standard error of mean, minimum and maximum values, median, and percentiles 
with 0.025 and 0.975 levels were calculated for trace element contents. The reliability of 
difference in the results between the female and male cohorts as well as between two age 
groups was evaluated by Student’s t- test. 
 
 

Results 
 

Table 1 depicts our data for Ce, Eu, La, Lu, Nd, Sm, Tb, and Tm mass fractions in 
samples of certified reference materials and the certified (or informative) values of these 
materials.  

Table 2 represents our data for La and Ln mass fractions (mean± SEM, upper limit of 
the mean, detection limit) in intact human rib-bone received by INAA and ICP-MS.  

The comparison of published data13-16 with our results for chemical element contents 
in the rib bone of women and men is given in Table 3. Because a number of values for 
chemical element mass fractions were not expressed on a dry weight basis in the above works, 
we calculated these values using published data for water and ash contents in the rib bone.17,18  

We used the entire dataset for both females and males (taken separately) seeking to 
detect the presence of gender-related differences (Table 4).  

To estimate the effect of age on the investigated parameters, we examined two age 
groups: one comprised a younger group with ages ranging from 15 to 35 years and the other 
comprised older people with ages ranging from 36 to 55 years. The results for females and 
males, taken together, are shown in Table 5. 

 
 
 
Table 1.  ICP-MS data of La and Ln contents (M±SD) in Certified Reference 
Materials (mg/kg on dry weight basis) 

Tea Leaves  
(INCT-TL-1) 

Mixed Polish Herbs  
INCT-MPH-2 

Element 

Certificate This work 
result 

Certificate This work result 

Ce 0.790±0.076 0.791±0.027 1.12±0.10 1.26±0.31
Eu 0.050±0.009 0.046±0.002 0.0157±0.0018 0.0172±0.0028
La 1.00±0.07 0.974±0.012 0.571±0.046 0.616±0.147
Lu 0.017±0.002 0.018±0.001 0.0090±0.0015 0.0037±0.0002
Nd 0.81* 0.858±0.008 0.457±0.091 0.551±0.138
Sm 0.180±0.022 0.187±0.001 0.0944±0.0082 0.103±0.027
Tb 0.027±0.002 0.030±0.002 0.0135±0.0011 0.0115±0.0015
Tm 0.017* 0.016±0.001 - 0.0041±0.0001
Yb 0.120±0.013 0.113±0.005 0.0527±0.0066 0.0251±0.0002

* - non-certified values. 
 
 
 



Table 2. Contents (M± SEM, upper limit of the mean, detection limit)  
 of La and Ln in intact human rib bone investigated by INAA and ICP-MS 
 (mg/kg, dry weight basis) 
Element INAA-LLR 

upper or detection limit 
ICP-MS 
M±SEM 

Ce ≤0.03 0.029±0.002 
Dy - 0.0020±0.0003 
Er - 0.0011±0.0002 
Eu ≤0.001 <0.0007 DL 
Gd <0.25 DL 0.0015±0.0001 
Ho - ≤0.00053 
La <0.05 DL 0.020±0.002 
Lu <0.003 DL ≤0.00024 
Nd <0.1 DL 0.011±0.001 
Pr - 0.0032±0.0004 
Sm <0.01 DL 0.0014±0.0001 
Tb <0.03 DL 0.00041±0.00005 
Tm - ≤0.00006 
Yb <0.03 DL 0.00072±0.00007 
M - arithmetic mean; SEM – standard error of mean, DL - detection limit. 

 
 
 

Table 3. Median, min and max value of means of La and Ln contents in human  
rib bone according to data from the literature in comparison with our results 
(mg/kg on dry weight basis) 

Published data [13-16] This work Element 
 Median  

(n) 
Minimum  

[Reference] 
Maximum  

[Reference] 
M±SEM 

Ce 1.4 (2) <0.03 [13] 2.7 [16] 0.029±0.002 
Dy ≤0.2 (2) <0.01 [15] <0.4 [14] 0.0020±0.0003 
Er ≤0.17 (2) <0.01 [15] <0.33 [14] 0.0011±0.0002 
Eu ≤0.038 (4) <0.001 [13] <0.19 [14] <0.0007 DL 
Gd ≤0.25 (3) <0.008 [15] <0.47 [14] 0.0015±0.0001 
Ho ≤0.047 (2) <0.004 [15] <0.09 [14] ≤0.00053 
La ≤0.3 (4) <0.05 [13] 0.86 [16] 0.020±0.002 
Lu ≤0.004 (3) <0.003 [13] <0.09 [14] ≤0.00024 
Nd ≤0.1 (3) <0.02 [15] <0.33 [14] 0.011±0.001 
Pr ≤0.05 (2) <0.01 [15] <0.09 [14] 0.0032±0.0004 
Sm ≤0.01 (3) <0.004 [15] <0.4 [14] 0.0014±0.0001 
Tb ≤0.03 (3) <0.004 [15] <0.09 [14] 0.00041±0.00005 
Tm ≤0.047 (2) <0.004 [15] <0.09 [14] ≤0.00006 
Yb ≤0.03 (3) <0.004 [15] <0.33 [14] 0.00072±0.00007 

       n – number of all references; M - arithmetic mean; SEM – standard error of mean.  
 

 



Table 4. Effect of gender on mean value (M±SEM) of La and Ln contents in 
the intact human rib bone (mg/kg on dry weight basis) 

Effect of gender Element 
Females 

n=38 
Males 
n=42 

p 
t-test 

Ce 0.0243±0.0032 0.0326±0.0036 N.S. 
Dy ≤0.0012 0.0023±0.0003 - 
Er ≤0.0065 0.0013±0.0003 - 
Gd 0.0014±0.0002 0.0017±0.0002 N.S. 
Ho ≤0.00023 ≤0.00056 - 
La 0.0162±0.0023 0.0228±0.0030 N.S. 
Lu ≤0.00022 ≤0.00026 - 
Nd 0.0093±0.0013 0.0120±0.0016 N.S. 
Pr 0.0026±0.0004 0.0038±0.0006 N.S. 
Sm 0.0012±0.0002 0.0016±0.0002 N.S. 
Tb ≤0.00029 0.00043±0.00005 - 
Tm ≤0.00004 ≤0.00008 - 
Yb ≤0.00059 0.00087±0.00013 - 

M - arithmetic mean, SEM – standard error of mean,   N.S. – non significant. 
 

 
 
 
 
Table 5. Effect of age on mean value (M±SEM) of La and Ln contents in the  
intact human rib bone (mg/kg on dry weight basis) 

Effect of age Element 
15-35 year  

n=36 
36-55 year 

n=44 
p 

t-test 
Ce 0.0177±0.0021 0.0373±0.0036 ≤0.001 
Dy 0.0010±0.00003 0.0025±0.00003 ≤0.001 
Er 0.00053±0.00026 0.00138±0.00028 ≤0.05 
Gd 0.00090±0.00006 0.00203±0.00019 ≤0.001 
Ho ≤0.00051 ≤0.00054 - 
La 0.0124±0.0013 0.0266±0.0031 ≤0.001 
Lu ≤0.00024 ≤0.00024 - 
Nd 0.0064±0.0007 0.0141±0.0016 ≤0.001 
Pr 0.00170±0.00020 0.00441±0.00060 ≤0.001 
Sm 0.00072±0.00004 0.00198±0.00021 ≤0.001 
Tb 0.00025±0.00006 0.00049±0.00006 ≤0.01 
Tm ≤0.00004 ≤0.00010 - 
Yb 0.00056±0.00006 0.00081±0.00009 ≤0.05 
M - arithmetic mean, SEM – standard error of mean. 

 
 



 Fig. 1 shows the individual data for of La, Ce, Pr, Nd, Sm, and Gd in the human rib 
bone and lines of trend (exponential and linear) with age. 

Using the exponential functions of La and Ln contents in the intact human rib bone 
(Fig. 1) the changes for 70 years of life were calculated (Table 6). 
 

 
 
Table 6. Increasing of La and Ln contents (mg/kg on dry weight basis) in the 
intact human rib bone for 70 years according to the exponential functions (Fig. 
1).  

Effect of age (exponential function) Element 
Content (I) 

1 year  
Content (II) 

71 year 
(II) / (I) 

Ce 0.00551 0.0810 14.7 
Dy 0.000106 0.00749 70.5 
Er 0.000032 0.00992 305 
Gd 0.000311 0.00403 12.9 
La 0.00424 0.0475 11.2 
Nd 0.00208 0.0283 13.6 
Pr 0.000522 0.0106 20.3 
Sm 0.000208 0.00335 16.1 
Tb 0.000103 0.000762 7.4 
Yb 0.00021 0.00183 8.9 
Σ 0.0133 0.195 14.6 

 
 
 

Discussion  
 

Detected means for the chemical element contents (mean ± SD) in the certified 
reference materials obtained in this work were in good agreement with the means of all 
certified values and within the 95% confidence intervals (Table 1). This indicates an 
acceptable accuracy of the results on La and Ln in intact rib bones samples. 

The contents of Ce, Dy, Er, Gd, La, Nd, Pr, Sm, Tb and Yb (10 elements) were 
measured by ICP-MS in all or a major portion of rib-bone samples (Table 2). The contents of 
Ho, Lu, and Tm (3 elements) were determined only in a few samples of collection. The upper 
limit of the mean values for the elements was found as the normalized sum of all individual 
contents and of the detection limits where the contents were not measured. The contents of Eu 
were lower than detection limits in all samples (<0.0007 mg/kg on dry weight basis). The 
upper limit of the mean values for Ce and Eu was estimated by INAA too. The contents of 
Gd, La, Lu, Nd, Sm, Tb, and Yb were lower than detection limits of INAA in all samples 
(mg/kg on dry weight basis): Gd<0.25, La<0.05, Lu<0.003, Nd<0.1, Sm<0.01, Tb<0.03, and 
Yb<0.03. Data received by two methods were in a full agreement.  

The obtained means for Ce, Dy, Er, Gd, La, Nd, Pr, Sm, Tb, and Yb as shown in Table 
3, are one-two orders of magnitude lower than the median of mean value of previously 
reported data. The upper limit of means for Ho, Lu, and Tm is one-three orders of magnitude 
lower, than previously reported medians of upper limits. The detection limits of ICP-MS 



show that the contents of Eu in intact rib-bone of health men are at least one order of 
magnitude lower, than previously reported data.  

No statistically significant gender-related differences were detected for all studied La 
and Ln (Table 4). 

Comparison of mean values of the contents of La and Ln in the rib in two age groups 
(Table 5) revealed a statistically significant increase with the age of the content of Ce, Dy, Er, 
Gd, La, Nd, Pr, Sm, Tb, and Yb. Thus, our data indicate the age-dependent accumulation of 
all La and Ln, when it was possible to determine the average content of elements and other 
statistical parameters. Age-dependent increase of the content of Ce, Dy, Er, Gd, La, Nd, Pr, 
Sm, Tb, and Yb in the rib follows exponential and not liner trend (Fig.1). The exponential 
accumulation of La and Ln in the rib of healthy people living in a non-industrial, ecologically 
safe region indicates the presence of the global increase in the content of these elements in the 
environment.

 If the accumulation of La and Ln in the rib occurs at an exponential rate, then during a 
period of over 70 years of lifespan (from the 1  year to 71 years) the content of Ce, st Dy, Er, 
Gd, La, Nd, Pr, Sm, Tb, and Yb would increased one-two orders of magnitude (Table 5). The 
total content of La and Ln in the bone tissue (Table 5) reaches the level of a few tenths of a 
mg per kg and becomes comparable with the content of minerals, such as B, Ba, Br, Cr, Cu, 
Mn, Mo, Ni, Pb, Rb, Ti, and one or two mathematical orders of magnitude higher than the 
content of Bi, Cd, Co, Hg, Sb, Sc, Se, Sn, U, V, Y, and Zr. 12

 

 

Conclusions 

 
In comparison with INAA, ICP-MS is a more appropriate analytical tool for the 

determination of La and Ln content in the bone tissue. Out of the total number of  La and Ln, 
the current state of the ICP-MS allows to determine means for Ce, Dy, Er, Gd, La, Nd, Pr, 
Sm, Tb and Yb (10 elements)  and the upper limit of means for Ho, Lu, and Tm (3 elements). 
   For the first time,  the average value of the content of Ce, Dy, Er, Gd, La, Nd, Pr, Sm, 
Tb and Yb, as well as the upper limit of means for Ho, Lu, and Tm were determined in the rib 
tissue of a healthy man.  

There were no statistically significant differences found in the content of La and Ln in 
the rib bone of women and men.  

Additionally, our data reveal that there is exponential accumulation of La and Ln in 
the bone tissue of healthy individuals that live in a non-industrial region. This indicates a 
global increase of the content of La and Ln in the environment.
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Fig. 1. Individual contents of La, Ce, Pr, Nd, Sm, and Gd in the human rib bone and lines of 
trend (exponential and linear) with age. 
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Fig. 1 (continuation). Individual contents of La, Ce, Pr, Nd, Sm, and Gd in the human rib 
bone and lines of trend (exponential and linear) with age. 

 
 

 



References 
1. Langeneckhardt D. Aussagemoglichkeiten der Haarmineralanalyse- Nachweis einer 

Belastung durch Lanthanoide bei Rauchern. In: Mengen- und Spurenelemente. 17. 
Arbeitstagung. Friedrich-Schiller-Universitat, Jena (1997) 509-517. 

2. Persy V.P., Behets G.J., Bervoets A.R., De Broe M.E., D'Haese P.C. Lanthanum: A safe 
phosphate binder. Seminars in Dialysis 19 (2006) 195-199. 

3. Genova-Kalou P., Raleva S., Hinkov A., Manolov I., Gurkova S., Argirova R. Rare-Earth 
metal complexes with 4-hydroxycoumarins show higher therapeutic efficacy than their 
ligands in cell culture. In: Proceedings of 7th International Symposium on Trace Elements 
in Human: New Perspectives. Athens, Greece (2009) 77-81. 

4. Barta C.A., Sachs-Barrable K., Jia J., Thompson K.H., Wasan K.M., Orvig C. Lanthanide 
containing compounds for therapeutic care in bone resorption disorders. Dalton Trans. 
(2007) 5019–5030. 

5. Zolin V.F., Koreneva L.G. Rare-earth Probe in Chemistry and Biology. M.: Nauka (1980).  
6. Moskalev Yu.I. Mineral Metabolism. М.: Meditsina (1985). 
7. Palmer R.J., Butenhoff J.L., Stevens J.B. Cytotoxicity of the rare earth metals cerium, 

lanthanum and neodymium in vitro: comparisons with cadmium in a pulmonary 
macrophage primary culture system. Environ. Res. 43 (1987) 142-156. 

8. Shivakumar K., Nair R.R. Cerium depresses protein synthesis in cultured cardiac 
myocytes and lung fibroblasts. Mol. Cell Biochem. 100 (1991) 91-96. 

9. Pillai S., Bikle D.D. Lanthanum influx into cultured human keratinocytes: effect on 
calcium flux and terminal differentiation. J. Cell Physiol. 151 (1992) 623-629. 

10. Greisberg J.K., Wolf J.M., Wyman J., Zou L., Terek R.M. Gadolinium inhibits thymidine 
incorporation and induces apoptosis in chondrocytes. J. Orthop. Res. 19 (2001) 797–801. 

11. Liu H., Yuan L., Yang X., Wang K. La3+, Gd3+ and Yb3+ induced changes in 
mitochondrial structure, membrane permeability, cytochrome c release and intracellular 
ROS level. Chem. Biol. Interact. 146 (2003) 27–37. 

12. Zaichick S., Zaichick V., Karandashev V., Moskvina I. Assessment of 59 trace element 
contents in rib bone of healthy humans by Inductively Coupled Plasma Mass 
Spectrometry. Proceedings of the 7th International Symposium: “Trace Elements in 
Human: New Perspectives” (13-15 October, 2009, Athens, Greece). Athens, 2009, pp. 
344-354. 

13. Zaichick V., Zaichick S. Instrumental neutron activation analysis of trace element 
contents in the rib bone of healthy men. J.Radioanal. Nucl. Chem., 281 (2009) 47-52.  

14. Hamilton E.I. The Chemical Elements and Man. Springfield, Illinois, USA: Charles C 
Thomas Publisher (1979). 

15. Yoshinaga J., Suzuki T., Morita M., Hayakawa M. Trace elements in ribs of elderly 
people and elemental variation in the presence of chronic diseases. Sci. Total Environ. 162 
(1995) 239-252. 

16. Brättter P., Gawlik D., Lausch J., Rosick U. On the distribution of the trace elements in 
human skeletons. J. Radioana.l Chem. 37 (1977) 393-403. 

17. Zaichick V., Dyatlov A., Zaichick S. INAA application in the age dynamics assessment of 
maijor, minor, and trace elements in the human rib. J. Radioanal. Nucl. Chem. 244 (2000) 
189-193. 

18. Tzaphlidou M., Zaichick V. Calcium, Phosphorus, Calcium-Phosphorus ratio in rib bone 
of healthy humans. Biol. Trace Elem. Res. 93 (2003) 63-74. 

 


	 
	Introduction 
	Materials and methods 
	Results 

