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Figures 1, 2 and 3 and Table 1arc reprinted
from "M. Shear, Cancer of the Month in
South Africa. Johannesburg. Witwatersrand
University Press, 1970 (lnaugural Lecture)”
by permission of the Witwatersrand University
Press, Johannesburg.
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THE QUANTITATIVE ANALYSIS OF Cr, Ba, Sh. Ag, Zn. Co and Fc IN
NORMAL HUMAN ENAMEL AND DENTINE BY NEUTRON ACTI-
VATION AND HIGH RESOLUTION GAMMA-SPECTROMETRY*
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Research Council, Johannesburg.
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De Wet.
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IN a previous investigation the concen-

tration of some of the elements which
give rise to short-lived radio-isotopes, Ca,
Na, Al, Mg and CI, were determined
by means of instrumental activation
analysis (Relief el al, 1970). The purpose
of the present study was to continue the
investigation of the concentration of the
inorganic constituents in normal human
enamel and dentine.

The concentrations of elements which
produce radioisotopes with longer half-
lives after irradiation have been investi-
gated. Sdremark and Lundberg (1964,
1967) determined the concentrations of
six of these elements, Cr, Ag, Fc. Co, Pt
and Rb, in normal human enamel and

‘This investigation was supported by a research
grant from the Atomic Energy Board.
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dentine by means of neutron activation
and gamma-ray spcctromctric analysis.
Subsequent to irradiation group separa-
tion of elements was carried out by em-
ploying a system of ion exchange columns.
The activity was measured by means of a
Nal(T1) crystal connected to a 256-
channcl gamma spectrometer.

It was shown in an earlier publication
(Relief ct al, 1969) that four elements. Zn,
Fc, Co and Sb, can be determined qualita-
tively in normal human enamel and
dentine by instrumental activation
analysis. In this investigation the same
technique was used for the quantitative
analysis of elements that give rise to long-
lived isotopes in these tissues. The con-
centrations of Cr, Ba, Sh, Ag, Zn, Co
and Fc were determined.
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E xperimental M ethods

(@ Preparation of the enamel and den-
tine samples. The samples were pre-
pared as previously described (Rctief
et al. 1970).

(b) Procedure.

200 mg enamel and dentine dried to
constant weight at 105°C were accurately
weighed in separate quartz ampoules and
sealed. Using analytical grade reagents,
standard samples ~ were  prepare by
weighing into quartz ampoules a fixed
volume of a mixed solution containing
known amounts of the seven elements to
be determined and also a number of other
elements. The standard liquid mixtures
were then carefully evaporated to dry-
ness, after which the ampoules were
scaled.

Enamel and dentine samples were irra-
diated along with standards for 130 hours
in a thermal neutron flux of approximatel
2 x )3 ncm' sec.3 in die poolside
facility of .SAFARI-1, an ORR type
reactor of the Atomic Energy Board at
Pelindaba. The activity was measured
after a cooling ﬁeriod of approximately
28 days, by which time most of the active
phosphorous had decayed (Mp, tl = 14.3
days).

Gamma-ray emission was measured
with the radioactive samples placed at
15 cm distance from the Ge(Li) detector
—a 50 cm3 coaxial Gc(Li) diode (Prince-
ton Gamma Tech.) connected to an un-
cooled TC 135M Tcennclecc preamplifier.
The output pulses were amplified by a
TC200 Tcnnclcc amplifier and analysed
by an Intertechnique 4000 channel
analyser (model SA 44). Data for peak

Taiuf. |. Nuclear data ot Cr,

or Tim D.A.S.A.

analysis was obtained on punched tapes
by a Tally P-120. Yule’s (1968) smoothed
first derivative method was applied to
obtain the peak counts under the photo-
peaks of interest.

The seven elements were measured by
using the photopeaks of the respective
radioisotopes as indicated in Table 1

Results

The typical y-spcctra of enamel, dentine
and standard samples arc shown in Figs.
I, I and Il respectively. It is clear that
the 320 kcV, 355 keV, 602 keV. 884
keV. 1115 keV, 1173 kcV and 1292
keV photopcaks of “Cr, ™Ba. Sb,
""Ag, s'Zn, *'Co and 3,Fc are well
separated from the other peaks. These
photopcaks can therefore be used as a
measure of the chromium, barium, anti-
mony, silver, zinc, cobalt and iron con-
centrations of irradiated enamel and den-
tine samples.

The concentration of these elements in
normal enamel is shown in Table Il and
in normal dentine in Table IIl. The re-
sults are expressed in ppm based on the
dry weight of the enamel and dentine,
heated at 105°C to constant weight.

Discussion

The enamel samples were obtained
by chipping. Its separation from dcDtine
by this method is a slow process and
leads to its incomplete recovery. Further,
its contamination by dentine is unavoid-
able especially if large amounts have to
be collected for repeat analyses. Manley
and Hodge (1939) developed a method
de3|%ned to apply a centrifugal technique
to the usual flotation procedure for the

Ba, Sb. Ag. 7,n. Co and Fe.

Stable Abundance  Activation Daughter Hall-life y-ray Other
Isotope % Cross- Radio- Radio- photopeak prominent
section nuclide nuclide measured y-ray
(Horns) keV photopeaks
keV
=0 4.31 15.9 3cCr 27.8d 320 -
1#5Ba 0097 0.15 ,33Ba 10.7y 355 294
*” Sh 42.7S 25 ,;<Sh 60.3d 602 -
"’ Ag 4XAS 35 nomAR 253d 884 660,766,940
*Zn 4XX9 0.47 “Zn 245d 1115 -
'wCo 100 17 ,0Co 5.2v 1173 1332
"*Fe 0.33 12 -oFc 45.1d 1292 1098
371
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Fig. I. Gamma spectrum of irradiated enamel.
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Fu;. 11l. Gamma spectrum of irradiated standard.

TARLF Il. The Concentration of Cr, Ba, Sb, Ag, Zn, Co and Fe in Normal Human Enamel.

Element Number Mean Standard Standard 95% Confidence Interval
of samples cone. error of Deviation for the true mean
analysed ppm. mean

Cr 6 1.02 0.21 0.51 0.45- 149
Ba 7 12111 8.97 23.68 104.84 - 145.38
Sh 9 0.96 0.23 0.69 0.44- 1.48
Ag 9 0.16 0.10 0.29 0.34- 0.78
/.n 8 26.1.42 123 14.80 251.60- 271.24
Co 10 011 0.04 0.13 0.04 - 022
Fe 9 118.27 23.88 71.6.1 64.29-172.25
Tam.p IIl. The Concentration of Cr, Ba, Sb, Ag, Zn, Co and Fe in Normal Human Dentine.

Element Number Mean Standard Standard 95% Confidence Interval
of samples rone. error of Deviation for the mean
analysed ppm. mean

Cr 8 1.99 0.30 0.84 1.32- 2.66
Ba 7 129.01 20.72 .14.69 82.23 - 175.87
Sh 10 0.69 0.12 0.41 041 - 0.97
Ag 6 2.18 0.34 0.84 141 - 295
Zn 9 172.81 371 11.14 164.52 - 181.20
Co 10 i 0.08 0.27 0.93- 129
Fe 9 91,18 11.68 31.05 66.98 - 119.78
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Table

Cr Ba
4 u
2 of 6
Trace Present
0.0037
20 100
10-100 10-100
1.02 125

IV. Enamel—Comparison of results

Sb

.Not
detected

<1

0.005-
0.67

0.96

ELEMENTS
Ag

+

Weak

0 0049

0.56

Zn
L

211-259
Trace

276

170
i
100-1000

190-
542

263

Co

Not
detected

0.00024

0.7
10-100

0.13

Fe

Present

338

210
100-1000

1IS

Table V. Dentine—Comparison of results of other investigators with present

Cr Ba
+ +
2 of 6
Trace Present
0.0049
100-1000 10-100
1.99 129

Sb

Not
detected

<1
0.69

ELEMENTS
Ag

+

Weak

0.0051
1-10
2.18

Zn
4

215-260
Trace
199

Q1o

100-1000
173

Co

Not
detected

0.00034

11

Fe

Present

110
100-1000
93

of other investigations with present study.

METHOD

Direct current spectrum excitation

Chemical
Spectrographic

Neutron activation, chemical sepa-
ration, Na | (TI) detector
Neutron activation, chemical sepa-
ration, Na | (TI) detector
Atomic absorption. Ash weight

Spark Source mass spectrometry.
Cow’s tooth enamel.
Mass spectrometry. Approximate
estimation
Neutron Activation. Chemical se-
paration and instrumental Nal (TI)
detector
Neutron activation, Ge(Li) detec-
tor
Neutron activation, instrumental,
Ge(Li) detector
study.

METHOD

Direct current spectrum activation.

Chemical.

Spectrographic

Neutron activation. Chemical sepa-
ration, Nal (TI) detector.

Atomic absorption. Ash weight.

Neutron activation. Chemical sepa-
ration, Nal (TI) detector.

Mass spectrometry. Approximate
Estimation.

Neutron activation.
Ge(Li) detector.

Instrumental.
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separation of enamel and dentine. The
rea?ents they used cannot be obtained
sufliciently pure to avoid contamination
of the enamel and dentine prior to irra-
diation, which unfortunately excludes this
method of separation when employing
activation analysis. The authors know of
no method of separation which will not
lead to contamination of the samples
prior to irradiation.

Interference from (n.0) and (n.p) re-
actions arc of no consequence in this
investigation.

The ampoules in which the samples
and standards were irradiated contained
antimony. As the weights of the ampoules
and the antimony concentration In the
quartz glass were known, the antimony
concentration in the enamel and dentine
were calculated.

With the exception of Zn and to a
lesser extent Fc, there is a paucity of
information in the literature regarding
the concentration of tlie seven trace
elements investigated. Tables IV and V
compare the authors' findings with those
of other workers; they obtained results
in the neutron activation studies which
differ considerably in the case of Cr, Ag
and Co. Sbremark and Lundberg (1964,
1967), employing destructive neutron
activation analysis of enamel and den-
tine, found the concentration of these
three elements to be much lower than
that found in the present investigation.
The marked variation in the results of
these studies emphasises the need for
further research.

Summary

The concentrations of Cr, Ua. Sh. Ag.
Zn, Co and Fe were determined in nor-
mal human enamel and dentine employing
instrumental neutron activation analysis.
Their mean concentrations in enamel arc
1.02. 125. 0.23. 0.10. 263. 0.13, and HR
ppm respectively; and in dentine 1.99,
129. 0.69, 2.18, 173. 111 and 93 ppm.
The need for further investigation is
emphasised.
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