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Large scale study of tooth enamel 

P. Bodart, G. Deconninck, M.Th. Martin 
L.A.R.N., Facultés Universitaires de Namur, 22 Rue Muzet, 
B-5000 NAMUR (Belgium) 

SUMMARY. 

Human tooth enamel contains traces of foreign elements. The pre

sence of these elements is related to the history and the environment 

of the human body and can be considered as the signature of perturba

tions which occur during the growth of a tooth. A map of the distribu

tion of these traces on a large scale sample of the population will 

constitute a reference for further investigations of environmental 

effects. 

One hundred eighty samples of teeth were first analysed using PIXE, 

backscattering and nuclear reaction techniques. The results were ana

lysed using statistical methods. Correlations between 0, F, Na, P, 

Ca, Mn, Fe, Cu, Zn, Pb and Sr were observed and cluster analysis was 

in progress. The techniques described in the present work have been 

developpeâ in order to establish a method for the exploration of very 

large samples of the Belgian population. 

INTRODUCTION. 

A tooth consists of four different structures : enamel, dentine, 

cementum and pulp. In our research we have studied the surface enamel 

to a depth of about l ym. The major inorganic components of enamel 

are calcium, phosphate, carbonate, magnesium and sodium. Enamel 
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also contains organic matter and trace elements distributed in various 

proportions in the apatite crystalites. Considerable interest has ari

sen in recent years regarding the possible role of trace elements in 

human enamel and particularly their relationship to dental caries. 

Bones and teeth have a remarkable capacity for removing some elements 

from solution of suspension and therefore should be better indicators 

of exposures to environment than soft tissue . Several workers have 

also reported geographic variations in the trace elements of human 

2-4 

enamel . Tooth elemental analysis is then a useful means for moni

toring environmental trace elements. 

MATERIALS AND METHODS. 

Primary teeth, free of dental caries, were collected in different 

localities in Belgium by Public Health Services. They were stored in 

paper bags labelled with the names of the donors and other specific 

informations : age, sex, environment, ... Samples were thoroughly 

washed with distilled water, then sealed in a resin mould, and preser

ved dry at room temperature in plastic boxes. 

Eleven elements were determined in three steps : 

1) Fluorine, sodium and phosphorus concentrations are easily calculated 

from the gamma-ray spectrin observed during the proton bombardment of 

a tooth. This technique has long been used for the in vivo analysis 
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of human dental enamel ' ' in our laboratory. 

2) PIXE analysis allows the determination of manganese, iron, copper, 

zinc, lead and strontium. The experimental set-up is shown in Figure 1. 

Non vacuum analysis is needed to avoid charging effects on the surface 

of the tooth producing large backgrounds from bremssthralung. 
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Typical spectra are presented in Figure 2 (1 -2- 3| • 
4 

3) Prior to the detection of oxygen, calcium, phosphorus by the He 

backscattering technique, the surface of the tooth was polished with 

a pumice stone for 20 seconds in order to remove the first three mi

crons of enamel containing surface impurities from external contami

nation. The observed concentration of Zn is not affected by this treat

ment but the apparent Pb content is considerably reduced (Figure 3). 

RESULTS. 

180 samples of teeth have been analysed, the results are given 

in Figure 4. Using statistical methods correlations or anticorrela-

tions are observed among major and trace elements. Table 1 presents 

a summary of the data obtained. 

CONCLUSION. 

The purpose of this work was to develop a standard technique al

lowing the systematic exploration of large amount of teeth in the 

Belgian population. 

Using statistical techniques (cluster analysis) local differences in 

teeth composition are seen in Belgium. The results of this work will 

provide baseline data for the study of the evolution in the environ

mental exposure and its consequences on the quality of life in the 

future years. 
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Table 1 : Correlation Coefficients. 

F 

Na 

P 

Ca 

Mn 

Fe 

Cu 

Zn 

Pb 

Sr 

Na P Ca 

•0.11 0.07 0 .01 

- 0 . 2 4 - 0 . 1 1 

0 .53 

Mn 

0 .01 

•0 .08 

-0.17 

•0 .20 

Fe 

•0.09 

0 .11 

• 0 . 3 8 

• 0 . 3 8 

0 .21 

Cu 

0 . 0 2 

0 .24 

•0.23 

-0 .26 

0 .08 

0 .32 

Zn 

0 .10 

- 0 . 0 8 

0 .64 

0 .01 

0 .13 

0 .11 

0 .16 

Pb 

0 .25 

0 .06 

•0.01 

•0.11 

0 .22 

0 .15 

0 .28 

0 .36 

Sr 

0 .04 

0 .10 

0 .21 

0 .10 

0 .01 

0 .03 

0 .03 

- 0 . 0 7 

0 . 0 2 
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FIGURE CAPTION. 

Figure 1 : Experimental set-up showing the external beam line (A), 

the Si(Li) detector at backward angle (B) and the monitor 

detector for Ar X-rays (C). 

Figure 2: PIXE spectra : (a) tooth washed with distilled water; 

(b) tooth polished with a pumice stone for 20 seconds; 

(c) tooth after removing 100 ym of enamel by mechanical 

abrasion. 
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Figure 3: He backseattering spectra : (a) tooth washed with distil

led water, (b) tooth polished with a pumice stone for 20 

seconds, (c) Oxygen, Phosphorus, and Calcium concentrations 

are determined by iteration process on the spectrum obtai

ned at 3.25 MeV. 

Figure 4: Histogram of the concentrations obtained on 180 teeth. 
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