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Summary;

The mean concentrations of the following elements have been si-

multaneously determined in normal human dentine, enamel and dental

calculus with gamma-ray spectrometry; Na, P, Cl, Ca, Mn, Cu, Zn,

Br, Sr, W and Au8

In a typical run one sample each of dentine, enamel and dental

calculus were irradiated together with standards of the elements to
12 2

be determined in a thermal neutron flux of 2 • 10 n/cm . sec. for
20 hours. The chemical elements were separated into nine groups with

ion exchange technique before the subsequent gamma spectrometric

measurements.

One man can manage the chemical separations and take the necessary

gamma spectra from a run in one day.

In a few samples of dentine, enamel and dental calculus which
13 2

had been irradiated in a thermal neutron flux of 7 x 10 n/cm . sec.

for one week the additional long lived trace elements were qualitatively

determined? Cr, Fe, Co, Rb, Ag, Sb, Cs and Ba.

Printed and distributed in December 1961,
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1» Introduction

According to their concentration the mineral constituents of human

teeth can be divided into two categories viz;., the macro elements and

the trace elements» The macro elements in hard tissues of teeth, ioee

calcium and phosphorus, have been studied for a number of years and

their concentrations have been well established. The second group on

the other hand, the trace elements, most of which occur in a few p. p. m«

or less, have been studied by a few workers only in recent years (1, 2,

3, 4, 5, 6), However, before the functions of various trace elements

in the hard tissues of teeth can be fully explained, or the possible changes

which may occur in the concentrations of these elements in carious teeth

or in other pathological states can be adequately interpreted, the normal

distribution of the elements must be determined.

In the present work radiactivation followed by gamma ray spec-

trometry has been used for the determination of macro elements and

short lived trace elements in fifteen samples each of normal human

dentine and enamel and 8 samples of dental calculus» Also some studies

of long lived trace elements in the same kind of samples have been ini-

tiated and are in progress.

2. Experimental

2» 1. Preparation of tooth samples

2, 1, 1. Dentine and enamel
—,-. — _ _ _ _ (_ _ _ _ _ _ _ ~

Fifteen intact first bicuspids from humans between 14 and 16

years of age have been used in the present investigation» Seven

girls and eight boys were selected on the basis of good general

health» The teeth were extracted for orthodontic reasons and were

prepared for activation within 48 hours after extraction. The

subjects had no other restorations than amalgam and silicate,,

However, the teeth to be analysed had no restorations and no

fillings were present in the neighbouring teeth»
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The enamel was separated from the dentine mechanically by

chipping and breaking the teeth with glass or polythene-covered in-

struments. The samples were dried in an electric oven for 48 hours

at 105 C, weighed and sealed in polythene bags»

2.1.2, Dental calculus

Samples of supragingival tartar from eight humans, four male

and four female, 48 to 50 years old, were used. The subjects rinsed

their mouths with tap-water four times during four minutes before

the calculus was broken off. With glass instruments the calculus

samples were taken from the lower front teeth, which in all cases

were caries-free. Immediately after the samples had been taken

they were washed with distilled water for one hour, dried at 105 C

for 48 hours, weighed and sealed in polythene bags,

2.2. Preparation of standards

The standard samples, which contained known amounts of the

elements to be determined, were selected from salts of spec, pure-

or pro analysi qualities only. In addition, the standards had pre-

viously been controlled for possible cross-contaminating impurities

by means of gamma-spectrometric analysis. Salts of the following

elements were prepared as standard samples: Na, P, Ci, Ca, Mn,

Cu, Zn, Br, Sr, W and Au,

2. 3. Irradiation

About equal amounts, 50 - 100 mg each of dentine, enamel

and calculus, were placed in small polythene tvibes and irradiated

simultaneously at close distances from each other in the same Al-

irradiation can. The same can also contained one set of standard

samples.

The samples were irradiated for 20 hou^s 1 , a thermal neutron
12 2

flux of about 2*10 n/cm sec. in the reactoi \ . .



2, 4. Chemical separations

2.4,1 . Tooth samples

Chemical separations of the irradiated samples started about

1 hour after the end of irradiation and lasted 4 - 5 hours. Thus, with

the exception of Cl-38, in the first group of elements separated, iso-

topes with half lives of less than about 1 hour could not be determined.

The chemical elements were separated into nine groups with an

ion exchange separation procedure, which lias been described in de-

tail elsewhere (7, 8), However owing mainly to the large amounts of

phosphate present in the samples, slight deviations from the standard

procedure given were found necessary in this case. The procedure

followed is schematically outlined in fig, 1. and the following devia-

tions from the standard procedure (7, 8) were made.

2.4. 1. 1. Dissolution of samples and separation of Cl and Br

Hot concentrated HC1 followed by the dropwise addition of

30 % H2O9 was used for the dissolving of the samples instead of

H7SO. -*- H9O,, This could be done in the present case, because the

samples contained only trace amounts of organic matter, which did

not interfere with the following chemical separations. After dissolu-

tion of a sample NH.Br carrier was added dropwise and at inter-

vals to distil off the last traces of Br-80 and Br-82. These activities

together with Cl-38 were absorbed in 6-n NaOH, a standard "Quick

fit" absorbtion trap being used. The sample solution was taken to

dryness by gentle heating and the residue dissolved in 1-n HC1 con-

taining 0, 3 % H->O?. 1-n HC1 solution of the sample was preferred

to 3-n for the adsorbtion of chloride complexes on the Dowex 2,

chloride form in this case (group 2, fig. l) to avoid a partial ad-

sorbtion of Cu-64 activity (8).

2, 4. 1. 2. Separation of Zn, W and Au

The 1-n HC1 + O, 3 % H?O? sample solution containing 50 mg

of a tooth sample passed a 4 G glass filter on its way to the Dowex 2,
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chloride column. The filter was washed with smal portions of

L-n HC1 containing O, 3 % H?O~<, This filtering o>/ the solution was

found necessary, as the latter n ight contain inv.' u>>x̂  traces of

undissolved matter. These solid particles, although carrying

less than 1 /oo of the whole Na-24 and P-32 activity of the

sample, are sufficiently active to rasl- he activities of Au-198

and W-187 if filtered off on the top of the Dowex Zt chloride column.

From the 1-n HC1 + O, 3 % Ĥ CX sample solution the trace

elements Zn, W, and Au were separated on the Dowex 2, chlo-

ride column in the usual way (8), and the column was washed

with 9 x 1, 5 ml 1-n HC1 + 0, 3 % H , O r The last traces of Na-24

and P-32 were subsequently removed from the column by con-

tinuously flowing through it 100 ml 4-n HC1 containing 0, 3 % H?O?

(8)0 The effluent from the attached Dowex 50, hydrogen column

(group 4, fig. l) was not regularly examined during this series

of experiments,,

2O4O lo 3. Treatment of effluent from the Dowex 2, chloride column

After passing the Dowex 2, chloride form only i/3 of the

combined sample solution and the 9x 1, 5 ml 1-n HC1 -!- 0, 3 % H^O^

washing solution, corresponding to approximately 17 mg of the

initial tooth sample, was used for further chemical group separa-

tions in the series. This was done because experience has shown

that high salt concentrations in the solution will reduce the possibility

of making clean chemical separations in the later parts of the

separation series (8). In this way, moreover time is saved during

the evaporation of the sample solution.

The solution, 6 r 7 ml, was boiled down and taken to drynes's

on a water bath. The last traces of H2O~ were expelled by dissolving

the residue in some drops of strong HC1 and again taking the solution

to dryness» This procedure was twice repeated. Finally, the residue

was dissolved in the minimum amount of 1-n HC1 {about 0, 3 ml),



and the solution was cooled and titrated in the usual way with

0, 02-n NaOIT, methyl orange being used as indicator (o). 1-n 1 i C-1

was found to be the weakest possible; acid sti-engt'i tor the com-

plete dissolving of the residxie, which is m.'inly composed of

difficultly soluble calcium phosphate,

2,, 4« 1. 40 Removal of phosphate

Owing to the exceptionally large amor.nt ol phosphate p-e -

sent in this kind of sample it has to be removed after (he Ii-

tration step mentioned above, 'ihis was done by flowing the

solution through a Dowex 2, chloride column, 2 cm in diam,.

6, 5 cm in height at a rate of about 4 ml/min. in accordance

with the method of Gabrielson and Samuelson (9),, The column

was washed, with 9 x 3 ml li'~O at the same ratee As mentioned

previously (8), this method of phosphate removal has the great

advantage that the ion-exchange cohimn can be directly fitted

into the separation scries in front of the citrate column» This

was actually done in the present case, as indicated in fig. ! „

However, it was observed that the column retained as much

as 30 - 40 % of the Cu~64 activity present in the solution» Very

probably also five- and four valent cations and the rare earths

are retained» For these reasons the probably more, precise

cation-exchange method of Samuelson (10) was preferred for

the removal of phosphate from a few tooth samples irradiated

in a thermal flux of 7. i 0 n/cm sec, for one week» This was

done in order to make some preliminary determinations of long-

lived trace elements, After adsorbtion of the cations the column

was rinsed with 500 in I 0. 0L5-n KCl in order to remove P-- 32

activity before the subsequent elation of the cations with A^n I'A'A,

However, this method was found 1o be too time-consuming if v.sed

in connection with the determination of short-lived elements, such

as Mn and Sr in the present work-
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2. 4, 1, 5O Separation of Cu, Mn, Na, Ca and Sr

The way in which these elements were separated by means of

short ion~exchange columns coupled in series is outlined in fig» 1

(groups 6, 7, 8 and 9) and described in detail elsewhere (8).

2,4.2 Standard samples

2*4,2,1, Preparation of mixed standards

The irradiated standards of the elements Na> Mn, Cu* Zn,

Sr, W and Au were mixed together in appropriate amounts. After

the addition of a 50 mg sample of inactive dentine, chemical se-

paration was performed in exactly the same way as described for

the unknown samples above. Each salt of the elements mentioned

had been previously controlled by means of gamma-spectrometric

analysis and found to be free from interfering impurities of the

other elements used in the mixed solution. However, as an extra

precaution, activities of the elements were mixed together in

approximately the following proportions regardless of their re-

lative presence in the tooth samples t

Isotope

Na-24

Mn-56

Cu-64

Zn-69 m

Sr-87

W-187

Au-198

The gamma spectrometric measurement:; wu:e carried out

on dilute 10 ml solutions of individual standard-. wa'h a well type

3" x 3" Nal crystal.

Peak energy

measured

MeV

1, 38

0,83

0,51

0,44

0, 38

0, 68

0,41

Approx, peak activity used

for the standard mixture

counts/min.

5000

2000

2000

200

200

200

300



9,

Thus relatively high activity levels of the commonest elements

with high thermal neutron activation cross section were preferred

for the preparation of the mixed standard solution.,,

2. 4a 2O 2, Preparation of individual standards

Neither standards of the major constituents Ca and P nor

those of Ci and Br were added to the mixture mentioned above0

Owing to the poor sensitivity of Ca and P in garnma-spedrornetric

analysis, comparatively very large amounts are ixeeded0 Thus, if

added to the standard mixture, the chemical and physical simi-

larity of this and the unknown samples might have been less fjro-

nouncedj

The Cl~ and Br--standards were excluded from the mixture

in order to save time, as the tedious N a OH- absorb tion step of

these elements could then be omitted0 This was fotmd necessary

because the chemical separations and measurements of three

tooth samples and one set of standards had to be finished within

a few hours by one man, owing to the rapid decay of some of

the elements. Thus, the irradiated standards of Cl and Br were

individually simply dissolved and diluted to a suitable strength

of activity before the subsequent measurements,

The standard of Ca was adsorbed on a cation-oxcharu'.c

column in sodium form, eluted with a soli'tion of hexamct-

phosphate and finally again adsorbed on an attached mixed bed.

column as described for the last two groups in the series (8)0

This pretreatment was carried out because the irradiated

Ca-salt (p0 ao grade) contained appreciable amounts of Na-24,

which preferably had Lo be removed,

The pH of the phosphate standard solution was adjusted,

methyl orange being used as indicator, and then the solution

was flowed through a. Dowex 2, chloride column exactly as de-

scribed for the unknown samples above (2.4. 1O4)
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20 5O Counting

2, 5a 1. Preparation of samples

The liquid samples from the separation scries, groups 1

and 4, (figo 1) were prepared for counting by dilution to 10 ml

in polythene tubes. The Dowex Z} chloride resins constituting

group 2 were stirred up in a few xn\. 0, 1-n HC1 + 0, 3 % H_O?, sub-

sequently drained by water-pump suction and transferred to stop-

pered polythene tubes,, In this way an even distribution of activi-

ties throughout the resin masses was ensured. The resin masses

in groups 3, 5, 6, 7 and 9 were prepared for counting in an ana-

logous manner, except that HLO instead of 0, i-n HC1 + 0, 3 % IT?O?

was used in the homogeneisation step,, In the case of group &s which

contains the very strong Na-24 activity, the ion-exchange columns

were counted directly, no special pretreatment being used,

2, 50 2. Measuring conditions

The activities of the samples from each rvn, 34 in all, were

analysed with a transistorized, 256-channel gamma-spectrometer.

-Except for the group 8 samples, a 3'1 x 3';, well type Nal scintilla-

tion detector was used. The counting time of a sample varied from

1 to 10 min0 according to the activity strength. The activity of

each sample was corrected for a predetermined background ac-

tivity, which was kept negatively stored in one half of the memory

of the analyzer during the measurements,

The Na~24 activity of the group 8 samples was counted at

a large distance from a solid type Nal crystal.

The amount of phosphorus was determined ;>y integrating the

P-32 Bremsstrahlung.

The mode of decay of the samples was no*" followed, as previous

investigations had shown that the isotopes actually determined were

in no case masking detectable amounts of more Jong-lived activities.
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3, Results

3ol. _Table 1

•f
The obtained mean concentrations ~ the standard deviations

of Na, P, Cl, Ca, Mn, Cu, Zn, Br, Sr, W and Av in 15 saxnples

each of normal human dentine and enamel and in 8 samples of

human dental calculus are shown in table 1» The given concentra-

tions are based on the dry weight of the samples» The concentra-

tions of Na, P, Cl, and Ca are given as a percentage, the others

in parts per million»

3, 2S Gamma-spectrograms

The diagrams 1-5 show some typical gamma-spectrograms

obtained with a dentine sample irradiated for 20 hours in a ther-
12 2

mal flux of approximately 2 • 10 n/cm , sec. The spectra were
taken 4-6 hours after the end of irradiation,,

In. the diagrams 6-8 are shown some long-lived activities

in a sample of enamel which had been irradiated in a thermal
•t o O

flux of 8.10 n/cm sec» for one week» The measurements were

in this case performed after a decay period of one month» The last three

diagrams also serve to illustrate the difficulty encountered in obtaining

sufficiently clean chemical separations in the case of tooth samples

irradiated for long periods in high fluxes» Thus the Ag-110 activity

in diagram 6 is heavily contaminated with Zn-65, and the edge pre-

ceding the 0, 60 MeV peak of Sb-124 in diagram 7 is probably due

to P-32 Bremsstrahlungs

4O Discussion

4. 1, The precision of the analytical method

The apparantly very high standard deviations obtained for the

concentrations of the trace elements in table 1 aî e thought to be

caused largely by normal biological variations of the elements.
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This conclusion is in agreement with results obtained by other

workers on biological samples (11, 12, 13). The only elements

which may be regarded as present in constant concentrations in

this case are calcium and phosphorus in the samples of dentine

and enamel, Thus the standard deviations obtained for these

two elements may give some information as to the precision of

the analytical method used, It shculd, however, be remembered

that the technique used may lead to a somewhat lower precision

in the determinations of Cu, because this element is distributed

between two different groups in the separation series (20 4. le4. ).

4, 20 The use of a thermal neutron flux monitor

The high standard deviations shown in table i may indi-

cate that in similar series of experiments with biological ma-

terials, as in the present ones, the tedious use of irradiated

standards of each element may be omitted in n.ost of the runs,

This indication seems also to be confirmed b/ 'he results

attained from the comparative gamma-spectr<.-n> ;tric analysis

of normal and leukemic human blood (14), The experimental

work would then be considerably simplified, because the fre-

quent use of a single thermal neutron flux monitor instead of

a complete set of standards would for practical purposes give

sufficiently precise results. For example, the results obtained

in the present work show that a complete set of irradiated stan-

dards might have been used, i0 e. only twicea For the remaining

thirteen runs simply the measured Ca-47 activity of the samples

might have been used as an internal flux monitor in accordance

with the method of Leliaert et al, (I5)a

4. 3O The determination of long~lived trace elements

Together with others (14), the present experiments have

shown that long-lived trace elements in biological materials

are not sufficiently activated under the irradiation conditions
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used. For example, with the thermal neutron flux available in

the present work unreasonable long irradiation times are needed

for the possible detection of additional elements,, As the size of

the samples is limited by the use of short ion-exchange columns

in the chemical group separation series (7, 8), the use of a much

higher thermal neutron flux may then be the only practical way of

determining long-lived trace elements,, This was also proved to

be possible by carrying out a few qualitative tests on tooth samples

irradiated for one week in a thermal flux of about 7 • 10 n/cm •

sec. at Risö, Denmark. After a decay period of four to five days

chemical separations took place, starting with a 3 nHCl + 0, 3 % Hp

sample solution. Decay measurements of the different groups in

the separation series were continued for one month8 From these

experiments it seems possible to determine 1 5 - 2 0 elements in

one single run, thus considerably increasing the utility of the che-

mical method for biological samples. Additional long-lived ele-

ments which can with certainty be quantitatively determined in

human tooth samples, under the irradiation conditions mentioned

above are Rb, Ag and Sb (Diagrams 6 - 8), and. with some un-

certainty also Cr, Fe (from Mn-54), Co, Cs (after 2 - 3 months'

decay) and Bao
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Element

determined

Na

P

Cl

Ca
I

Mn

! Cu

B r

Sr

i

Au

1

Isotope

measured

Na-24

P-32 Bremsstrahlung
Cl-38
Ca~47

Mn-56

Cu-64

Zn-69 m
Br-82

Sr-87 m

W-J87

Au-198

Table 1.

Mean
Dentine

Weight per cent

0. 75 » 0s21

13.5 t 2, 8
0 3 Q J« 0 11

28.2 - 1.2

p. p . m .

0. 19 ~ 0o06 :

0.21 - 0. 10 !

H9 - 78

; 4,0 - 2 , 0

70 t 18 |

I 2 . 6 - 1 , 1

0. 03 - 0o 01

1

concentration - standard

Enamel

Weight per cent

1.16 - 0,40

18,3 -2 O 2

0 , 6 5 t 0 . 30 '•

3 7 . 4 l l . O

P.p.m.

0e 54 i 0, 08

0.26 t 0a 11 ;

276 i 106

4O6 t 1. 1

94 t 22 I

0o24 1 0s 12 |

0o02 - 0e01

deviation j

Calculus

Weight per cent

1.51 - 0 , 6 0 |

11. 6 ~ 3,6 !

0,92 t Go20 i

26, 0 I 4.2

p . p . m .

20 3 - 1. 1

3.9 - ' , 0

255 - 109

1 2 . 1 f- 2 O 8

34 » 3

0o 11 - 0.04

0.010 i 0.003





17.

Cone. HC1
H2°2

50 ag S«J»P!

400 Ml 0,1-n HC1
+ 0,3

5 al 1-n HC1 AC-4-filter
+ 0,3 54

2. Dowex 2-
chloridc
Au. V.

9x1,5 •! 1-n HCt
+ 0,3 % H202

3, Dowex 5O-
hydrogen.
Zn

0,3 »I 1-n HC1
+ NaOH titration

HC1 + 0,3 % H O
to waste 9x3 nl

5. Dowex 2-
chlorid^

P

9x1,5 al H20

| + 9x1,5 ml

' 0,01-n NaOH

6. Dowex 2-
citrate
Cu

j 9x1,5 •]

'0,01-n NaOH

7. Dowex 2-
hydroxide
Mn

20 »1 hexa-

a. ph. sol.

8. Dowex 5O-
sodiua.

9. Dowex 2- 5O-
•»ixed bed
Ca. Sr.

1.
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