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The concentration of the principal trace elements
in enamel was established and it was considered important to examine
the relationship between these and this is now being investigated.

One of the elements which was investipated was mercury
both as a trace element and from the viewpoint of its inclusion in dental
amalgam fillings, The initial stucdy showed that mercury was present in
sound enamel as a dieterv contarinant. Where aralgam fillines were
present in the mouth contamination of sound teeth resulted from the
continuous migration of mercury from amelgam fillines, This study
stimuleted further investigation into mercury as a possible hazard to
dental personnel in the dental surgery. These investigations showed
that this element must be considered as s potential health hazard,

The second part of the thesis is concerned with the
examination of specific problems associated with technioues employed in
dental practice. One of the wost significant advances in dental technioues
in this century has been the introduction of the high speed air turbine
handpiece for cutting hard dental tissues. The use of this handpiece
however, introduced a hazard to the operator as a resvlt of the formation
of aerosols from the air necessary to drive the handpiece and the oil
used for lubrication. These aerosols also produced an increase in the
bacterial content of the atmosphere, In acdition, debris which resulted
fror the cutting caused an increase in respiratory complaints amonegst
dentists, The noise levels of this tvpe of handniece were also inv-stigated
as a possible hazard to the hearing of the operator, A five-year study
showed that significant hearing losses could occur. As a result
of these and other studies with dental handpieces modifications were
made to reduce both the noise level and the need to include oil for

lubrication,



The third section is concerned with the effects on
the pulp of the tooth of materials used in restorine tooth tissue.
Many materials have been employed for this purpose but despite
satisfactory physical properties have proved to be toxic to this
tissue,

As with all research the implications and importance
of the results may not yet have fully emerged. It is hoped, however,
that this work represents some contribution towards the relationship
between the chemistry and the biological processes of the human

tooth and its supporting tissues.,
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The author was appointed Lecturer in Conservative
Dentistry in the University of Glasgow in 1954. From
that time he initiated a programme of research in several
fields of dental science and on the basis of this research
presented a thesis for the degree of Ph.D. which was
accepted by the University of Glasgow in 1959. In 1964
he was appointed Senior Lecturer'in Conservative Dentistry
and in 1965 Senior Lecturer in Periodontology of the
University of Glasgow. In 1966 he was appointed to the
Chair of Conservative Dentistry in the University of
Manchester where he has continued his research.

Research from 1954-1966 was carried out in the Dental
School, and Departments of Chemistry, Physics and Forensic
Medicine of the University of Glasgow and in the Regional
Department of Clinical Physics and Bioengineering of the
Western Regional Hospital Board. In addition to the
Biological Sciences, this research involved the disciplines
of Chemistry and Physics.

Support for the research for the Ph.D. thesis was
given by the Scottish Hospitals Endowment Research Trust.
On the basis of the results of the first project an
increased grant was given by that body in 1962 which
enabled a research assistant to be appointed. From 1966

his work has continued in the University of Manchester.



In all papers presented in this thesis the author has
initiated the research and where there is a joint author-
ship, he is the senior author. He wishes to state that,
apart from the paper on Estimation of Arsenic in the Dental
Tissues (Paper No. 1) and on Zinc Phosphate Cement (Paper
No. 2) none of the papers has been submitted for a thesis.
These papers (Nos. 1 and 2) were included in the Ph.D.
thesis but have been included here as they represent the
first stages of the research programme and indicate the
development of methods of research. |

The research carried out in this period can be divided
into three main sections. The first of these relates to
the trace elements in the dental tissues. The post-war
development in the use of radio-active isotopes and radio-
chemical techniques encouraged their use in research. The
availability of the Scottish Universities' Research Reactor
at East Kilbride provided facilities for irradiation and
the production of many of the short-lived isotopes used in
this research. Radiochemical techniques were developed in
the Department of Chemistry and the Department of Foremnsic
Medicine. In partiéular a sensitive technique of analysis,
neutron activation analysis, had shown itself to be
suitable for examining the trace elements in many bio-
logical tissues. Dr. H. Smith, a chemist in the Department
of Forensic Medicine, was responsible for developing many
of the methods of analysis in biological tissues using
this technique.

From 1950 onwards animal experiments and nutritional
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studies had indicated the significance of the trace elements
in the prevention and reduction of dental caries. The
element which had been shown to be the most significant in
caries prevention was fluorine. Numerous studies of this
element had shown a positive correlation between fluoride
intake, tooth fluoride content and caries resistance.
Other investigations, however, had indicated that other
elements possessed anti-cariogenic properties and also that
the relationships between trace elements could be important
and that interaction between them could be significant.

While the composition of the tooth is not the only
factor in the carious process, it may play a more sig-
nificant part than has previously been believed. The
range of concentration of many trace elements in a single
tooth had not been established due to difficulties in
achieving a satisfactory method of analysis. Most previous
analyses had been carried out on pooled samples of teeth
to obtain the necessary amount of tooth for analysis. It
is the enamel of the tooth which is first attacked by the
carious process and therefore it is important to examine
the chemical content of this tissue. Analyses of success-
ive layers of enamel have shown that the chemistry of the
surface enamel differs from that of the underlying layers.

The development of sensitive analytical techniques
such as neutron activation analysis and atomic absorption
spectrophotometry enabled analyses of individual teeth to
be carried out. |

Dr. Smith is the co-author of Papers Nos. 1, 3, 5, 6,
10, 11, 12 and 13 and he has published full details of his



analytical methods in specialised scientific journals. In
Paper No. 6 the co-author was Mr. G. D. Paxton, a technician
working with Dr. Smith. The applications of this tech-
nique were published as a chapter in a text-book on
activation analysis (Paper No. 4).

The appointment of Mr. H. D. Livingston, B.Sc., a
Research Assiétant, in 1962 enabled the analysis of the
trace elements, zinc, antimony, manganese, vanadium and
molybdenum to be carried out. Of these elements it was
considered that zinc, vanadium and molybdenum played an
important part in increasing the resistance of the surface
enamel layer to caries. Mr. Livingston carried out his
work in the University Dental School and Department of
Forensic Medicine. His Ph.D.thesis on the development
of methods of analysis for the trace elements in the dental
tissues was accepted by the University of Glasgow in 1966.
Together with Dr. H. Smith he is a co-author of Paper Nos.
10, 11, 12 and 13.

As a result of the interest in the uptake of Strontium-
90 by the calcified tissues of the body from the 'fall-out'
of nuclear explosions, measurements of this element were
made in the deciduous and permanent teeth of children in
the West of Scotland. The results of this investigation
were published as part of a report dealing with the uptake
of Strontium-90 by the calcified tissues (Paper No. 7).

The co-author of this paper was Miss J. Warren, of the
Physics Department of the Western Regional Hospital Board.
The work on trace elements was continued in Manchester

and Miss Valerie Myers, B.Sc., was appointed research
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assistant. The trace element under investigation at this
time was selenium, an element which was considered to
demonstrate a direct relationship between selenium uptake
and incidence of dental caries. The analytical techniques
developed for the analysis of this element was success-
fully submitted by Miss Myers for an M.Sc. degree of
Manchester University and was published with Miss Myers

as co-author (Paper No. 16).

It was considered appropriate in 1969 to publish a
major paper on the trace elements in the hard dental
tissues (Paper No. 15) in which the range of concentration
of the trace elements and also with the analytical methods
best suited to these elements, were discussed.

The relationship between trace elements was considered
to be important as this could influence the effects which
individual trace elements could have on their concentra-
tion in enamel and also on their effect in reducing the
caries resistance of enamel, In 1965 a major research
project was initiated to examine the relationship between
the trace elements copper and molybdenum. Previous work
on animals had shown a relationship but no investigation
had been carried out with regard to their dietary concen-
tration and uptake by the hard dental tissues. This work
was carried out using rats as the experimental animals.
While it was possible to measure the copper content of the
teeth of these animals by activation analysis, it was found
that this technique could not be employed for the measure-

ment of molybdenum. The use of atomic absorption



spectrophotometry enabled both copper and molybdenum
analyses to be carried out, and this study has now been
completed. The Research Assistant for this investigation,
Mrs. Christine Helsby, B.Sc., has now completed her Ph.D.
thesis for submission to the University of Manchester on
the analytical methods used in this research (Paper No. 20).
This work has been prepared for publication and is included.

One of the elements investigated in the trace element
study was mercury. It was examined both as a trace
element in tooth tissue and also from the viewpoint of its
migration from dental amalgams in the mbuth. It was
shown in the initial study that this element was present in
sound teeth as a contaminant from dietary and other
external sources. Where amalgam fillings were present in
the mouth this contamination was increased due to the con-
tinuous migration of mercury from amalgam fillings.

The results of this first study stimulated an investi-
gation into a consideration of mercury as a possible hazard
to dental personnel working with this element in the dental
surgery. An investigation of dental surgery assistants
handling this material showed that, by analysis of body
tissues, there was a potential hazard from mercury and that
precautions had to be taken when handling this material.
This paper (No. 5) was published with Dr. H. Smith as the
co—~author. The work on mercury was continued in Manchester
to determine if amalgam fillings in the mouth could cause a
significant uptake of mercury in the body tissues.

Analyses were carried out on body tissues from cadavers and

patients with large numbers of amalgam fillings. The
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results of this were incorporated in a paper relating to
the use of mercury in the dental surgery. Further work
was carried out on this problem and this demonstrated that
a further mercury hazard was present when high-speed
mechanical amalgamators were employed to mix the amalgams.
The results of this paper were published (Paper No. 19)
with Mr. T. C. Rowbotham, Senior Lecturer in the Depart-
ment of Conservative Dentistry, University of Manchester,
as co-author.

The second part of this research was concerned with
the examination of specific problems associated with
techniques used in dental practice.

Perhaps the most significant step forward in dentistry
in this century was the introduction of the air turbine
handpiece for the removal of the hard dental tissues.

With this handpiece cutting speeds of up to 250,000 revolu-
tions per minute are obtained as opposed to 5,000 revolu-
tions per minute of the traditional handpiece. At these
ultra-high speeds the cutting efficiency of dental burs is
increased. The use of this handpiece, however, introduces
a hazard to the operator as a result of the formation of
aerosols by air necessary to drive the handpiece and the oil
which is necessary to provide lubrication. These aerosols
produce an increase in the bacterial content of the atmos-
phere and also the cutting debris causes an increasing
amount of respiratory complaints which result from the use
of these high speed handpieces. The dangers of oil
inhalation were investigated in a study with Mr. R.G. Tilston,

a physicist with the Physics Department of the Western



Regional Hospital Board, who was the co-author of Paper
No. 8. This work indicated that a significant amount of
0il could be inhaled by the operator from this handpiece.

A further disadvantage of this type of handpiece is
that the noise levels of around 75 decibels might be a
potential hazard to the hearing of the operator. A five-
year study was undertaken on dental students with the
assistance of Miss E. C. Knox, an audiologist to compare
hearing levels before and after using these high speed
handpieces. The results of this study (Paper No. 9)
showed that significant hearing losses could occur. As a
result of these two studies with handpieces, modifications
were made which reduced both the noise level and the need
to include oil for lubrication.

The third study was to examine the effects which many
materials employed in restoring tooth tissue may have on
the pulp of the tooth. Many materials have been employed
for this purpose and despite satisfactory physical pro-
perties have proved to be toxic and harmful to this tissue.
The first of these materials to be examined was zinc
phosphate cement, one of the most commonly used materials
in dentistry (Paper No. 2). The results of this research
indicated that comparison could be made between the
reactions of the pulp on the dog's tooth and that of the
human tooth. Similar methods were used to examine a number
of commonly used materials and were used in an assessment
of these materials. With the introduction of the newer

composite resin filling materials a study of their effects
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was carried out in conjunction with Dr. D. C. Smith, Reader
in Dental Materials, who as a materials chemist was con-
cerned with the development of these materials and with
evaluating their physical properties. Two papers on the
histological examination of a new material were published
(Paper No. 18) with Dr. D. C. Smith as co-author. These
studies showed that the effects of this material on the
dental pulp were less toxic than had been believed.

A similar histological evaluation of the butyl
cyanoacrylates was carried out. Cyanoacrylates were
employed as tissue adhesives and they had been introduced
into dentistry because of their haemostatic and bactericidal
properties. There had been little research on their
effects on the dental pulp and it had been suggested that
they would be particularly valuable where the pulp of the
tooth had been exposed. The application of this material
could produce a seal which would stimulate the formation
of a bridge of dentine and produce a healing of this
exposure. The results of this investigation have shown
that this material does not stimulate the dental pulp to
healing and is not recommended for this purpose. The
co-author of this paper which is prepared for publication
(Paper No. 21) is Mr. C. Hannah, a Lecturer in the
Department of Conservative Dentistry, in the University of

Manchester.
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The nineteenth century philosopher and scientist
Helmholtz stated 'All science is measurement'. While
clinicians would perhaps disagree with this dictum
there is little doubt that chemical and physical
techniques have contributed much to the progress which
both medical and dental research have made in the
present century.

In its earliest days dental research was to some
extent empirical and depended mainly on individual
observation. To-day, however, like other biological
sﬁbjects dental research has become one of inter-
disciplinary co-operation between dental research worker
and scientist. The extent to which this relationship

has increased is presented in Paper No. 14.
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Scientific Methods

Throughout the years of dental research the principal
method of investigation has been that of microscopic
examination of histological sections of the dental tissues.
While refinements in the preparation of sections have been
introduced microscopic examination still remains the basis
upon which the evaluation of the effects of dental materials
on the dental tissues is based. This is the method which
has been employed in the studies presented in this thesis.
Most of these have been carried out in animals and while
the results cannot be extrapolated to determine the effects
on human dental tissues they are sufficiently close to be
able to assess the relative effects on vitai tissues, as
the cellular structures of the dog's teeth are similar to
those of the human.

Studies of the composition of the dental tissues have
employed many methods of analysis. These methods were
directed mainly to the determination of the major elements
such as calcium and phosphorus. Few aftempts were made
to determine the levels of the trace elements present in
the dental tissues. The term 'trace element' may lead to
some confusion as there is no definitive boundary of
concentration and no widely accepted grouping of elements
into trace and non-trace elements. It has been suggested
that limits of concentration of 100 ppm. by weight or less
should constitute a trace element level but in the hard
dental tissues concentrations greater than this are

generally considered as trace elements. One of the main
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difficulties in previous methods of analysis has been in
obtaining sufficient quantity of sample. The distribution
of many elements varies between teeth and even within the
enamel of individual teeth; therefore results may vary
according to the method by which samples are taken. Where
pooled tooth samples are used from different teeth only
an average concentration of the elements will be obtained
which is of little value when examining the relationship
between teeth which are considered caries-free and those
which are caries-prone and between sound and carious teeth.

The progress of the analysis of the trace elements
has been linked to the development of more sensitive
techniques which has resulted in more precise information
regarding both their concentration and function. In
selecting an analytical technique for trace elements
various criteria such as sensitivity, accuracy, precision
and selectivity were considered. There was also the
problem of interferences which may be present in the matrix
of the sample or produced by the presence of other trace
elements.

The development of nuclear science led to the introduc-
tion of new analytical techniques amongst which was that
of neutron activation analysis. This technique proved to
be most suitable for the investigation of many of the
trace elements in the dental tissues and had many advan-
tages over other methods of analysis which were:

(a) Specificity and certainty of identity

(b) High sensitivity.
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One of the problems to be overcome was the avoidance
of contamination during the preparation of the sample.
The tooth samples were prepared as follows:

Teeth were extracted using extraction forceps which
were protected with polythene tubing to avoid contamination
of the tooth crown from the metal of the forceps or the
teeth were removed surgically. Immediately after
extraction, teeth were washed and polished lightly in dis-
tilled water to remove any dental plaque which was present.
The crown of each tooth was sectioned horizontally into
occlusal, middle and gingival thirds using a carborundum
disc. The enamel of the middle and gingival sections was
separated into an inner and outer layer again using a
carborundum disc with a micrometer gauge. As each new
element was investigated the degree of contamination was
also assessed to determine if this was significant. It
was found to be of no significance in all the elements
reported. However it was found that contamination could
easily be picked up as was demonstrated during the prepara-
tion of a homogeneous enamel powder preparéd in a metal
mortar. This powder gave a consistent manganese content
of 4.19 ppm. compared with the average value of sound
enamel of 0.83 ppm.

In the study which was carried out to examine the
relationship between copper and molybdenum in the hard
dental tissues of the rat it was found that the high sensi-
tivity of atomic absorption spectrophotometry made the
method particularly suitable for the analysis of these

trace elements. Activation analysis techniques whilst
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satisfactory for the measurement of copper, did not prove
sensitive enough for the measurement of molybdenum.

Radioactive isotopes were employed in several studies.
Most of these were concerned with the "labelling" of
materials or of compounds. In the study of aerosols from
handpieces radiocactive iodine (1132) was employed to label
the o0il and to measure the uptake by the operator and
patient. Autoradiographic techniques were also used to
determine the location and distribution of radioactive
isotopes.

The environment of the tooth in the mouth is an unusual
one of hard tissues surrounded by a fluid medium of hetero-
genous composition. This fluid is composed of the
secretions of the major and minor salivary glands together
with the secretions from the gingival tissues and mucous
membrane which surround the teeth. The crown of the tooth
is covered with enamel which is almost totally inorganic
in composition but which is permeable to fluids passing
from the pulpal circulation to the oral fluids and vice
versa. The specific relationship between the fluid
environment which surrounds the tooth and the hard tissues
has not yet been clearly established. Nor has the
relationship between the structure and composition of the
tooth itself and individual susceptibility to dental caries.

As with all research the implications and the importance
of the results presented in this thesis may not yet have
fully emerged. It is hoped, however, that this work

represents some contribution which Willvenable dental
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scientists to piece together a more complete picture of
the relationships between the chemistry and the biological

processes of the human tooth and its supporting tissues.
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ESTIMATION OF ARSENIC IN TEETH BY ACTIVATION ANALYSIS

From time to time various analytical methods have been
applied to tooth substance to establish the content of so-
called trace elements such as lead and tin.<1)<2) Other
experimental work has shown that these trace elements may
play an important part in the formation and preservation of
teeth.(3>-<6> As trace elements are present in very low
concentrations it has been necessary in previous investiga-
tions to use pooled material from many different subjects
to provide an adequate sample for analysis by chemical,
spectrographic or colorimetric methods. The conclusions
which may be drawn from such experiments are necessarily
limited by the non-specific nature of the material.

Radioactivation analysis is a technique by which many
elements may be detected and estimated with a greater
sensitivity than that of conventional analytical procedures.
The essential basis of the method is that the element to be
determined is made radioactive by exposing the sample to
bombardment by neutrons inside a neutron reactor. The
radioactivity induced in this way has properties which are
characteristic of the element concerned. After suitable
chemical separation of the element, if necessary, the amount
of the induced radioactivity, the rate of its decay and the
energy of the associated nuclear radiations can be measured
without much difficulty by instruments such as Geiger and

Scintillation counters.

When the only stable isotope of arsenic is irradiated



- 20 -

with thermal neutrons an unstable isotope is produced by
neutron capture. This unstable isotope decays with a

half-life of 26.8 hours, with the emission of B-particles
and -rays. The activation cross section is 4.0 barns

and the saturation activity for a pile flux of 1012

neutrons per square centimetre per second is about 2 x 1012
disintegrations per minute per gram of elemental arsenic.

The reaction is represented by:-

75 1 76
As + n —> As
33 0 33

The sensitivity of the determination is 10~9 gm.
compared with the highest chemical sensitivity of 10'7 to
108 gm.

Sub-micro chemical separations are avoided as inactive
carrier arsenic may be added to increase the total weight of
arsenic present. In addition 'carriers' may be added to
hold back other active atoms produced. The accuracy of

determination is limited only by the statistical error of

counting.

Experimental Methods

Longitudinal ground sections of 25 sound permanent
teeth were prepared to a thickness of 400u. Samples of
these teeth containing both enamel and dentine, and weighing
not more than 10 mg. were taken.

About 3-6 mgm. of the tooth sample were weighed and
sealed into a polythene bag. 1 or 2 mgm. of a sample of

arsenious oxide were also prepared in this way for use as
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a standard. The weights were accurate to 1/100 of a
milligram.

The polythene bags containing the samples were placed
in a standard aluminium irradiation can and sent to a
suitable atomic pile for irradiation by low velocity
neutrons. The can remained in the pile for 24 hours when
the activity generated was sufficient to be used for
analysis. The standard sample was removed, dissolved in
sodium hydroxide solution and made up to 1 litre. One ml.
of this solution was taken and made up to 100 ml. One ml.
of this solution was taken as the standard. From this it
was possible to calculate the count rate expressed as
counts per minute per mgm. of elemental arsenic. The method
of separation of the arsenic was a modification of Thomas

(7)

and Collier's Gutzeit technique and was carried out as

follows:-

The tooth sample was removed from the bag and digested
in a mixture of 3 ml. of concentrated sulphuric acid and
5 ml. of concentrated nitric acid and heated until all the
nitric acid had been removed. The remaining acid with the
arsenic retained in it was well washed into a 200 ml.
flask. A further 2 ml. of concentrated sulphuric acid and
4 ml, of concentrated hydrochloric acid were added,
together with 10 pg. of inactive arsenic as a carrier,
followed by 5 ml. of a 15% solution of sodium iodide and
O.4 ml. of a 40% solution of stannous chloride in 50%
hydrochloric acid. The solution in the flask was then
diluted to about 150 ml. and the flask placed in a boiling

water bath for 5 minutes. Ten grams of 16-22 mesh zinc
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pellets were added and the reaction allowed to continue for
15 minutes. During this reaction the arsenic was evolved
as arsine. Hydrogen was also evolved and, together with
the arsine, was passed through a cotton wool filter
impregnated with lead acetate to remove any small amounts

of hydrogen sulphide liberated from the reaction mixture.
The arsenic in the form of arsine was removed from the
hydrogen by passing it through a trap containing 1 ml. of

a 1.6% solution of mercuric chloride. Five ml. of a

0.001 N jiodine solution in 40% sodium iodide were then added
to the mercuric chloride to complete the solution of any
solids formed. The solution was then made up to a standard
volume and the activity estimated using a Geiger MHller
counter. This was compared with the standard sample and
the arsenic content so obtained. As the presence of
antimony could be a possible source of error in the deter-
mination, decay curves were prepared from the samples of
arsenic separated from the teeth.  These curves showed

only the presence of 76As.

Results

The results of the analysis of 25 sound permanent
teeth showed the arsenic content of normal teeth to lie
within the range of 0.031 - 0.145 ppm. giving a mean value

of arsenic for sound human teeth of 0.060 ppm.

Summary
The activation analysis method described is a quick

and accurate technique for the estimation of arsenic in

biological materials. After nitric/sulphuric acid
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digestion of the activated sample the Gutzeit separation
is used in conjunction with an estimation using a Geiger
tube accepting liquid samples. The method has the
advantage that very small samples can be tested without
difficulty. Using this method, the arsenic content of
25 teeth was estimated and a mean value of 0.060 ppm.

obtained.
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ZINC PHOSPHATE CEMENT

Zinc phosphate cement is one of the most widely used
materials in conservative dentistry. Paffenbarger,
Sweeney, and Schoube (1955) estimated that it is used in
40-60 per cent of all conservative restorations. It is
used to protect the pulp from thermal shock or as a luting
medium for crowns and inlays.

The effect of zinc phosphate cement on the dental
tissues, particularly the dental pulp, has given rise to
discussion and confusion in the past. Much of this con-
fusion has arisen over differences between manufacturers'
claims for zinc phosphate cements and the clinicai results
obtained by their use. Materials claimed as "harmless to
the pulp" and "non-irritating and germicidal"” often produced
a wide range of clinical conditions from a mild inflammatory
process to complete death of the pulp.

Manley (1943) and others, notably Gurley and Van Huysen
(1937), Schroff (1946), and Zander and Pejko (1947), demon~-
strated by histopathological methods that serious pulp
damage occurred after the use of these cements. It was
generally agreed that the main causative factor was the
acidity of the cement in the plastic state at the time of
insertion into the tooth cavity.

The precise mechanism of the setting of these cements
and their behaviour is not yet fully understood and the author

felt that the subject justified further investigation.
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Composition of Zinc Phosphate Cement

There are many commercial zinc phosphate cements, the
compositions of which remain manufacturers' secrets. The
chief difference in these cements is in the chemical com-
position of the powder. Most cement powders consist mainly
of zinc oxide to which magnesium is added in various ratios,
these ratios being approximately 9 parts zinc oxide to 1
part magnesium oxide. Other ingredients such as silica,
rubidium trioxide, and bismuth trioxide are added to improve
the physical properties of the cement, to modify its colour,
and to increase the smoothness while mixing (Ward and
McCormick, 1915). The arsenic content is very small,
usually being less than 0,0002 per cent.

The liQuids are composed mainly of phosphoric acid, to
which are added solutions of aluminium phosphate and, in
some cases, of zinc phosphate. These metallic salts are
added to the liquid to reduce the acidity and to control the
rate of the setting reaction. The average water-content of
the liquid is 33 * 5 per cent and is a critical factor in
the rate of the liquid-powder reaction. When exposed to
the air, these liquids take up or give off water, depending

on the atmospheric humidity.

Setting Reaction of Zinc Phosphate Cement

When the powder and liguid of zinc phosphate cements
are mixed together, a plastic mass is formed which, after a
period of 4-8 minutes, loses its plasticity and becomes hard.
The setting reaction which takes place between the

powder and the liquid is very complex, and complete agreement
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has not been reached on the physico-chemical reactions which
take place. It is most important to consider this point
fully, as it is upon the final products of the reaction
that the acidity of the cement depends.

Ideally, the final compound between phosphoric acid
and zinc oxide is the formation of tertiary zinc phosphate,
Zn5(PO4)24H20, which is a relatively insoluble compound.

In such a compound there is no unused phosphoric acid and

no water.

Chemistry of the Setting Reaction

One of the most important factors which must be con-
sidered is the "route" by which the cement passes from its
original state, 3Zn0 + 2H3PO4 + XH20, to its final state,
ZnB(PO4)24H2O (tertiary zinc phosphate).

Two such routes may be envisaged:-

1. As zinc forms only primary and tertiary phosphates,
soluble primary zinc phosphate, Zn(H2PO4)2, may be formed
and, at a later stage, tertiary zinc phosphate,
4H

Zn5(P0 0, crystallizes out from this solution. This

4)2 2
may occur after the cement has been placed into the tooth
cavity.

2. The phosphoric acid converts the zinc oxide, Zn0,
to tertiary zinc phosphate, ZnB(P04)24H20, directly and
in situ.

The actual "route" probably lies between these two
reactions and is dependent upon the precise conditions which

are present at the time of mixing. These are:

(a) Proportions of liquid and powder used; (b) Speed of
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mixing powder and liquid; (e¢) Temperature of mixing and

the presence of additional material in the powder and liquid
which may affect the rate of crystallization of the final
product.

When zinc phosphate cement is used clinically it must
be in a plastic state irrespective of the "route" by which
the final compound is reached. In this plastic state
either primary zinc phosphate or phosphoric acid or both are
present when the cement is placed in direct contact with
the dental tissues.

It is important to emphasize the presence of free acid

ligquids throughout the setting process.

Consideration of pH Value of the lMixed Cement

The graph (Fig. 1), which is qualitatively correct,
shows how the pH value would vary if zinc oxide was added
to phosphoric acid and no precipitation of ZnB(PO4)4H2O
assumed.

If "route" 1 is followed, and primary and tertiary
phosphate formed, the pH would be raised towards a value
which would not be harmful to the dental tissues.

"Route" 2, on the other hand, implies that, as long as
the cement remains in a plastic state, i.e., incompletely
set, some unchanged acid is present and low pH values would
exist. In an attempt to reduce this acidity manufacturers
have replaced the pure'phOSPhoric acid of the liquid by
acid in which some zinc oxide has already been dissolved.

Because of the shape of the pH curve (Fig. 1) this will not



pH

Zn (H,PO4)2

,‘ Zny(PO,),

| 2 3
ZINC OXIDE ADDED

Fig, 1 Graph showing variation of pH value on adding zinc
oxide to phosphoric acid., No precipitation of

tertiary zinc phosphate is assumed,
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effectively raise the pH value, but will reduce the acidity

in isolated parts of the mix.

Measurement of the pH Value of the Mixed Cement

Many investigations have been undertaken to measure
the acidity of mixed phosphate cements.

Eberly (1934) made one of the earliest determinations
and concluded that the reaction was completed in 15 minutes.
Other determinations were carried out by Matthews (1934),
Paffenbarger, Schoonover, and Souder (1938), and Worner
(1940).

It was agreed by these observers that the cement was
acid when set and that a pH of 3.8-6.0 may be expected.
Worner stated that "zinc phosphate cements are not likely to
be irritant to the pulp because they are practically neutral
when fully set". In many of these investigations, however,
the first pH measurement was recorded some 15-20 minutes
after mixing the cement, when the mass was certainly much
less acid than immediately after mixing. The harmful
effects on the pulp, clearly demonstrated histologically by
Manley and others, were, therefore, attributed to acid pene-
tration whilst in the plastic state.

In the most complete investigation into the acidity of
the zinc phosphate cements, Harvey, Le Brocq, and Rakowski
(1944 ) repeated many of these previous experiments and
showed that, by measuring the pH of dilute extracts of water
in contact with the set cement, a dilution error was intro-
duced. They point out that this error caused the cement to

appear much less acid than the true value at the time of its



- 30 -

insertion into the tooth cavity while in the plastic state.
They further showed that, in the later stages of setting,
tertiary zinc phosphate may be formed, giving a more
alkaline pH value.

Since the acidity of the cement decrecases as it sets,
it is most important to measure the pH of cement at the
time of its insertion into the tooth cavity, when damage to
the dental pulp is most probable. By making direct measure-
ments on the plastic and set cement, Harvey and others
found that pH values of 1.5-1.6 could be found immediately
after mixing, irrespective of the proportions of powder and
liquid used. They also found that the cement remained acid,
giving pH values up to 4.8, even after being fully set, in
contradiction of Worner's statement that they became
"practically neutral".

The investigations by Harvey and his associates were
extensive, but they omitted to consider the importance of
the time interval between mixing the cement and placing the

plastic cement in the tooth cavity.

Determination of the Surface Acidity of the Zinc Phosphate
Cements

Organic indicators were used in the present investiga-
tion to determine the surface acidity of the cement in the
plastic state, and also after the setting reaction was
complete.
| Solutions of organic indicators - thymol blue and methyl
violet - were first applied to the surface of the cement at
intervals of one minute after mixing. With these indicators

a pH value of 2.8-3.0 was obtained for the cement while still
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in the plastic state irrespective of the time after mix.

The difficulty of this method, however, was that the residual
ligquid of the mixed cement was diluted with relatively large
volumes of the indicator solvent. In order to avoid this
dilution of the residual liquid, the organic indicator
powder was incorporated in untinted cement powder. It was
found that the best way to achieve a uniform distribution
of the indicator through the cement powder was to prepare

an alcoholic solution of the indicator and incorporate this
through the cement powder. The paste thus formed was
dried, reground, and then mixed with the cement liquid
according to the standardized procedure.

After mixing the cement liquid with the cement powder
containing the indicator, a magenta colour, which represented
a pH of 1.6, was obtained. This colour persisted even
after the cement had completely set. A similar colour was
obtained irrespective of the proportions of powder and
liquid used. These results agreed with those of Harvey
using the same indicators.

Test-papers impregnated with organic indicators were
used to measure the surface acidity of the cement immediately
after mixing and until the cement had completely set. The
colour obtained was compared against a known standard pH

colour. The following organic dyes were used:-

Thymol blue pH range 1.2-2.8
Methyl orange " " 2.9-4.0
Congo red " " 3.0-5.0

These papers were moistened with distilled water and
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applied to the surface of the plastic cement at intervals

of one minute after mixing until the setting reaction was
complete. The results obtained by this method showed a pH
value of 1.5-1.9 of the cement at the time of mixing,
irrespective of the consistency. As it was difficult to
compare fine changes of colour using these papers, the method
was not considered accurate to determine intermediate varia-
tions in the pH as the cement set.

The results of these experiments show that pH values
less than 2.0 may be obtained while the cement is in the
plastic state immediately after mixing. The cement becomes
less acid when set, with pH values of 4.8 being reached.
Irrespective of the time after setting, the cement always
remains acid and neutrality is never achieved.

It was not possible, however, to demonstrate by any of
the colorimetric methods described above changes in acidity
which may take place within the cement during setting.

It was now established that the cement mix is acid at
all times, but accurate quantitative assessment of this
acidity was not possible. Previous research work strongly
supports the view that acid products do penetrate dentine,
but this process has not yet been satisfactorily demonstrated.
In recent years, the tracing of substances within the tissues
of the body has become a routine procedure by the use of
radiochemical methods. Essentially these methods involve
the replacement of part of the normal compound with its
radio-active analogue. Applying this method to the present
study the normal phosphoric acid of the cement liquid was

"]abelled" with radio-active phosphoric acid and the
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subsequent movement of the radio-active phosphorus ion was
traced throughout the dental tissues, using autoradio-
graphic techniques. The zinc phosphate salts formed by
the chemical reaction between the cement liquid and the
cement powder were also "labelled" with radio-active
phosphorus.

In order to standardize the consistencies of the cement
within the range of clinical use three standardized con-
sistencies were adopted, viz., thin, medium, and thick.
Experiments were carried out on dogs and on humans to deter-
mine the effect of each of these consistencies of cement
on the dental pulp and also to determine the penetration of
acid through dentine. The effect of calcium hydroxide in
preventing this acid penetration and in reducing any harmful
effects on the pulp was also examined.

The results of these studies with radio-active tracers
showed conclusively that the acid products, phosphoric acid
and primary acid phosphate, present during the setting of
the cement, penetrate towards the pulp along the dentinal
tubules cut during cavity preparation. The depth of this
acid penetration is greatest with thin consistencies in-
serted into the cavity immediately after mixing. This
depth becomes reduced as the powder-liquid ratio is
increased, viz., as the consistency becomes thicker, and
also as the time of inserting the cement after mixing into
the cavity is increased. Where protoplasmic poisons, such
" as alcohol or phenol, were applied to dentine the acid

penetration was much greater.

Comparison of the degree of irritation produced in the
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pulp by differing consistencies of cement showed a similar
resuit to that obtained with the acid penetration. This
reaction is first seen in the odontoblast layer, which,

with the thin consistency of cement, showed a severe
disturbance, and in some cases even intrapulpal haemorrhage
(Fig. 2). With medium and thick consistencies the effects
were mostly confined to the odontoblast layer, but no
generalized disturbance was observed. In all cases,
irrespective of the consistency of cement used, the reaction
of the pulp became much more marked as the dentine remain-
ing between the cavity and the pulp was reduced in thickness.

The results of all experiments confirm the clinical
use of the thickest possible mix of cement to reduce pulp
reaction to a minimum.

Other experiments using calcium hydroxide showed that
where this material is placed between vital dentine and
zinc phosphate it completely prevents the penetration of
acid through dentine and also eliminates its harmful effects
on the dental pulp.

In view of these results, it is recommended that, where
large numbers of fresh dentinal tubules are opened during
cavity preparation, especially in young teeth, calcium
hydroxide paste should be placed below a zinq phosphate

cement lining.
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ESTIMATION OF COPPER IN HUMAN ENAMEL
BY ACTIVATION ANALYSIS

The trace element copper is normally present as a con-
stituent of human tissue, including tooth enamel.(q) The
amount of copper has been previously estimated using con-
ventional chemical or spectrographic methods of analysis.(e)
It has been suggested that the presence of high concentra-
tions of this element may produce a resistance to dental
c:ar:i.es.(3>

The advantages of the method of activation anélysis
over the conventional methods of analysis have been des-

4)

cribed in a previous paper. One of its great advantages
is that pooled samples need not be used and more than one
sample can be obtained from individual teeth.

Copper consists of a mixture of two isotopes, 630u and
65Cu, which on irradiation by thermal neutrons give the

66

radioactive isotopes 64Cu and ~ Cu. The most suitable

isotope is 64Cu which has a half life of 12.8 hours, allowing
a working period of about 36 hours. The half life of 66Cu
is only 5.1 minutes. 64Cu is suitable for activation
analysis as the cross-section of 630u for thermal neutron
capture is 3.0 barns and the resulting sensitivity is of
the order of 1010 g.5 640y emits B~ and BY particles on
decaying and so may be detected by a Geiger or scintilla-
tion counter (0.51 MeV X-rays are emitted when a positron
is stopped). In this study the samples were irradiated
o2

for 24 hours at a thermal neutron flux of 1 n/cm.z/sec.

Theoretically there is a possible interference from
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. . o4
zinc since ~ Zn (n,p) 64Cu, but this is only found in a
sample which is predominantly zinc. The neutron capture

cross—section for this reaction is about 12 millibarns.

Experimental Methods

The method described is a modification of those of

(5) (6)

Smales and Bowen. Enamel samples weighing not more
than 25 mg. were obtained from 100 sound extracted human
teeth free from enamel defects. Where the age of the
patient was known, this was noted. The crown of each tooth
was sectioned transversally‘at mid-crown level using a
carborundum disc. The thickness of enamel at this level
was measured and then divided into an outer and inner enamel
layer using a cutting disc with a micrometer gauge. When
removing the inner enamel layer, care was taken to ensure
that there was no contamination of the enamel with dentine.
Small sections of tooth enamel were weighed into poly-
ethylene tubes which were sealed. At the same time a 0.2 g.
of a standard ddpper solution (10 mg./ml.) were weighed
accurately into a silica ampule which was also sealed.
Both the standard and samples were packed into an aluminium
irradiation can and sent for irradiation in a suitable
atomic reactor (BEPO). After irradiation, the samples were
removed from the polyethylene tubes and digested in 50 ml.
centrifuge tubes with 10 drops of 24N nitric acid, adding
extra 16N nitric acid to complete the digestion, if

necessary. The standard was made up by successive dilutions

to 10 litees and 1 ml. used as a working standard.
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Chemical Separation

Ten mg. of copper carrier was added to each sample,
together with 1 drop each of 10 per cent cobalt nitrate
solution, 10 per cent manganese nitrate solution and 10
per cent ammonium dihydrogen phosphate solution. The
solution was adjusted to a suitable volume (5 ml.) with water
and the copper reduced to the cuprous state by adding 2 ml.
of 20 per cent hydrated sodium sulphite solution. The
copper was then precipitated by adding 1 ml. of 20 per cent
potassium thiocyanate. Any precipitate formed during the
addition of the sulphite was dissolved in nitric acid.

The cuprous thiocyanate precipitate was boiled and centri-
fuged, rejecting the supernatant liquid. The precipitate
was washed twice with hot water and dissolved in 0.5 ml.

of 16N nitric acid. Two drops of the ammonium phosphate
solution, 8 drops of a 10 per cent ferric nitrate solution
and 3 drops of 10 per cent calcium chloride were added.

The solution was neutralized carefully with 15N ammonia
until a light-coloured precipitate was obtained, after which
a few drops excess were added to form the copper-amine
complex and to complete the precipitation of the iron as
the hydroxide. The calcium was precipitated by adding

2 ml. of 1M sodium carbonate and the solution heated for

a few minutes; filtered, washed, and then neutralized with
18N acetic acid until it turned a pale blue colour. It
was acidified with 4 drops of 16N nitric acid and the
copper reprecipitated as the thiocjanate using the method

described above. The precipitate was washed twice with
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hot water and then dissolved in 0.5 ml. of 16N nitric acid.
This solution was neutralized with 5 per cent sodium
hydroxide solution until a faint precipitate appeared.

Four drops of 16N nitric acid were added and the solution
heated for a few minutes. Four ml. of 2 per cent

quinaldic acid solution were added and the heating continued
for a few minutes more. After centrifuging, the precip-
itate was washed twice with hot water and once with acetone.
The precipitate was slurried on to weighed trays with
acetone, dried, and a comparison made between the recoveries
and count rates of the samples against the standard, thus
obtaining the absolute content. All reagents used were

'AnalaR' grade; and all percentages were weight/volume.

Results -

The results of the analysis of 100 samples showed that
small variations occurred between the copper content of the
outer enamel layer and the inner enamel layer; but these
differences were so small as to have no significance.

The mean of the outer enamel layer was 9.5 p.p.m. with a
standard deviation of 7.8 p.p.m., and that of the inner
enamel layer 11.3 p.p.m. with a standard deviation of 9.0
P.p.m. Table 41 shows the copper content of teeth where
the age and sex of the patient were known. The range of

distribution of the copper in 100 enamel samples is shown

in Figure 1.

Summary

The method of activation allows measurement of the
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copper content of the outer and inner enamel layers of
individual teeth. With this method the copper content of
100 teeth was estimated and a mean value of 9.5 p.p.m. of
copper for the outer enamel layer and 11.3 p.p.m. for the

inner enamel layer was obtained.
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ACTIVATION ANALYSIS IN DENTAL MEDICINE

Dental Caries

Apart from racial and dietary factors which influence
dental caries, the answer to individual susceptibility to
caries may lie in the composition of the hard dental
tissues, with particular reference to the trace elements.

It is important, therefore, not only to establish
values for these elements, but also their distribution
throughout the hard tissues of the teeth, particularly
enamel. Once these values are established for sound
teeth, carious teeth can then be eiamined.

One great advantage of activation analysis has been
the ability to select many samples from different areas of
enamel of a single tooth. Using a micrometer sectioniné
techniqhe, six samples can be obtained from different areas
of enamel. This is important as it is known that the
composition of the toéth enamel is not uniform throughout.
As the process of caries commences on the outer surface of
the enamel, it might be expected that the surface composi-
tion would be most.clqsely related to caries resistance.

A great amount of publicity has been given to the
action of fluorine in the role of preventing caries.

Other elements, however, have also been suggested as being
anti-cariogenic. Elements such as molybdenum, manganese,
boron, strontium, lithium and vanadium.

Many laboratory studies have been carried out feeding

rats and other laboratory animals on diets containing these
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elements to determine their effect on dental caries. The
results of these experiments have not only been conflicting,
but even confusing.

Several recent investigators have indicated that
interactions may exist between trace elements which may
account for the conflicting results when the trace elements
are administered separately. Stookey and Muller (1960)
have shown that there is increased retention of fluorine
when molybdenum was added to the diet. Furthermore,
Kruger (1959) found the same between fluorine and boron,
and fluorine and aluminium. It has also been shown that
fluorine, when administered with vanadium, is more effect-
ive in reducing dental caries than fluorine alone.

These studies, together with others, would appear to
show that not any single trace element is responsible for
the reduction of dental caries, but that a relatidnship
probably exists between trace elements in teeth - an
interaction which may take place producing an alteration,
either in the organic, or in the inorganic constituents of
teeth.

In the past, the emphasis has been mainly on the
alteration which takes place in fthe apatite’structure of
the inorganic portion of the tooth and the relationship
which exists between it and the trace elements, but little
to their relationship with the organic portion.

It is well known that fluoritic teeth are more
resistant to caries and that fluoritic enamel is more
resistant to decalcification. It is sometimes forgotten

that, where there are high fluorine water supplies, the
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enamel may be grossly hypocalcified, while the teeth are
relatively resistant to attack by dental caries and to decal-
cification. It may be argued that, if caries is simply a
decalcification process, such teeth would be more susceptible
to caries - but this is not so. On close examination of
these teeth, it is found that they have an unusual organic
structure, which is highly resistant to acid.attack.

‘Although the organic components of teeth are present in
relatively small amounts (3%) in enamel, it is realised that
they play an important part in tooth formation and in dental
caries.

It is generally recognised that the protein of the
enamel matrix is a type of keratin, which has been character-
ised as a eukeratin. With increasing age, it is believed
that changes take place in the organic portion of the teeth
and that there is an increased resistance to dental caries.

Trace elements are known to produce changes in other
ectodermal substances, such as wool etc. As enamel is also
of ectodermal origin, it may be from a comparative bio-
chemical point of view that trace elements maj céuse changes
in the enamel proteins and thus produce an increased
regsistance to caries.

Experiments are being carried out at present to exam-
ine the relationship between trace elements and their uptake
in teeth. Stable isotopes of trace elements considered to
produce alteration in caries have been added to the diet of
rats. As rats havé continuously growing incisors, their
teeth form a record of the amounts of trace elements taken

up by the hard dental tissues. By removing a small portion



- 47 _

of the incisal tip of the growing tooth in vivo and activating
it, the amounts of the trace elements present in the dental
tissues can be measured. Variations in the proportions of

these trace elements in the diet can be given to the same rat.

Calculus

One other aspect of dental medicine to which activa-
tion analysis is being applied is that of calculus.

Approximately 80% of dental calculus is composed of
such inorganic material as calcium, magnesium, phosphate
carbonate and fluorine. However, there appears to be no
full agreement about this and there has been very little
published work.

There are two main types of calculus, supragingival -

or that which occurs above the gum and which is most common
- and subgingival, which occurs below the gum level.

Opinion as to the origin of calculus has been divided -
one school of thought believing that calculus, whether found
above or below the gum, is formed by saliva. The other
opinion is that, while the supragingival calculus is formed
from saliva, that below the gum margin is formed from a
serous exudate from the blood.

Recent work by Brill (1962) using a fluorescent dye
injected into the blood stream showed that the fluid in the
gingival pocket did, in fact, come from the blood stream
and could be a possible source of subgingival calculus.

It is proposed to examine both supra- and subgingival
calculus for trace elements and to establish if any rela-

tionship exists between the trace elements in saliva and

blood and those in calculus.
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This study links up with our previous caries study as
it is a well-known dental fact that patients who have a heavy
calculus deposit have very little caries. This calculus/

caries antagonism has never yet been satisfactorily explained.

Amalgam fillings as a means of assessing radiation dosage

One of the difficulties in assessing the biological
effects of radiation on human beings is that no direct
experimental work could be allowed. Extrapolation of
effects from radiation on animals to radiation on man is,
in principle, unreliable, and so information on radiation
damage to man comes from limited sources:-

(a) X-radiographers of the 0ld school who were poorly
protected;

(b) +the early workers on radioactive species;
(¢) bomb irradiation at Hiroshima and Nagasaki;
(d) reactor incidents.
In (4) after a reactor incident, it is possible to ob-
tain some information on total neutron dose from a study of:
(i) body °*Na in blood
(ii) Au in rings, buckles and watches
(iii) +the present proposal - Hg in teeth.

Suppose we consider a typical filling to contain 2 g.
of Hg. Let this be exposed to a total dose of @ neutrons
(note this is a total dose, not flux x time). Then the
number of radioactive atoms of 197Hg formed (N*) will be
given by N* - N ¢ where N is the number of mercury atoms

irradiated -

i.e. N* = 5%6 x 6.02 x 1023 x 4.5 x ’IO"‘?I+ x @
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Wt. of He
Atomic Wt. Hg

X Avogadro's No. x (the cross-section
for producing 197Hg from the
natural element fo¥F thermal

5 neutrons)

3x 107 °“x g

Now the rate of radioactive decay of these atoms will

- *
. R
3
where is the disintegration constant and
= O.695/t% t% = 4-life of element.
i e ‘-dN* - .622 X N*
*e dt -~ 65 x 60
(t% = 65 hours = 65 x 60 min.)
- 06 "'2
= %5 60 x3x10“x ¢

disintegration per minute

69.3% x 10"2
6.5 x 6.0 x 10

2 x ’IO_4 X 3 x 10‘2 x @

5 X 3 X 10~2 x 7]

6 x 10°° x @ disintegration per min.

If we assume that the counting system is only 1/6th efficient

Counts per minute in counter = 107% x @
Thus for a neutron burst of 108 neutrons the 2 g. Hg sample
should give 100 c.p.m.

Now in pulsing a reactor one might obtain a flux of
1046 neutrons per second per square cm. for 20 milliseconds

i.e. 2 x 1014 neutrons.

The number of neutrons expected in an "incident" would
be at least equal to this.

Suppose only 10% escape the cone and a person stands

20' away from it. Then his total dose per square cm.

oM L 2 1

=2x XT0 * 4T x 11 x 20 x 30 x 20 x 30
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Tpis_comes from considering source as a point and
finding neutrons per sq. cm. on the surface of a
sphere of radius 20'.

3 cn. 1°'.
014 X é% X 1 s 5
4 x 3 x 6 x 10" x 6 ¥ 10

=2 x 1

3 x 109 neutrons
i.e. under these conditions a person standing 20' away might
have upwards of 109 neutrons falling on each square cm. of
his body - which in his Hg fillings would give, for a 2 g.
filling ’lO5 c.p.m. in a counter.
It might be argued that the cross~section chosen

24 cm.g) is wrong and would,

= 4,5 barns (1 barn = 10
of course, vary with neutron energy; but Guinn (1964) in
his studies of ¥ versus neutron distribution during pulsing
of a reactor finds that the spectrum of neutrons deviates
little from a thermal spectrum. Thus, the errors intro-

duced by taking for thermal energies probably only makes a

few % error in the result.
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HAZARD OF MERCURY POISONING IN THE DENTAL SURGERY

Since the introduction of silver and copper amalgams
as dental filling materials at the beginning of the 18th
century, the presence of mercury used in their preparation
has given rise to much discussion regarding its possible
hazard to health and many investigations were carried out.
In the most recent reports‘ 192930 it is stated that there is
no serious risk to dental personnel from volatilized mercury
in the dental surgery.

In mercury intoxication, the classical symptoms, such
as stomatitis, profuse salivation and tremors of the tongue,
are not always evident. Different degrees of intoxication
may take place, particularly if absorption of mercury occurs
over a long period of time. Symptoms, such as restlessness,
irritability and insomnia with fine tremors of the hands
have been reported as being present in such cases;(q)

Metallic mercury is absorbed into the body mainly by
inhalation of mercury vapour into the lungs. Soluble salts
of mercury can also pass into the circulatory system via
the digestive tract. Mercury can also be absorbed through
intact sk:i.n.(5> The presence of perspiration on the skin
increases the absorption by dispersing the mercury over a
wider area. After passing into the circulation, mercury
is rapidly taken up by the tissues. The highest concentra-
tion is found in the kidney followed by the liver, spleen,
intestinal wall, heart and skeletal muscle.

Mercury volatilizes readily at room temperature and

theoretically 1 cu.m. of air at 20°C can hold 30 mg. mercury.



_53_

Neasurements of the amounts of air have been made in various
dental surgeries and reports indicate that these concentra-
tions may be as high as 0.20 ng. I‘Ig./cu.m.(6> to less than
0.01 mg. Hg./cu.m.(a) In America the maximum acceptable
concentration of mercury for an eight-hour five day week is
1/100th of 1 ppm.<7> When this concentration exceeds

1 ppm. mercury may become a hazard to health. In the
dental surgery the mercury concentration in the air depends
on a number of factors, such as the ventilation and tempera-
ture of the surgery.

The preparation of copper amalgam by heating the
pellets contributes a much greater mercury hazard than the
preparation of silver amalgam. In the preparation of silver
amalgam the practice of mulling the amalgam in the palm of
the hand has been condemned because of the dangers of
contamination of the absorption from the skin. The tech-
nique recommended for the preparation of silver amalgam
at present is to place the amalgam, after mixing, in a dental
napkin and remove the excess mercury by wringing the napkin
between the fingers. Even with this method, mercury is in
direct contact with the skin.

To investigate the possible health hazards of mercury
to dental surgery personnel, a preliminary investigation was
carried out to measure the mercury content of hair and nails
of female dental surgery assistants. These assistants who
are continuously handling mercury are most likely to be

exposed to any danger.
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Methods

Twenty female dental surgery assistants were selected
who were currently employed in a dental surgery and who had
been actively engaged in surgery work for a period of not
less than two years.

Samples of head hair and axillary hair, finger nails
and toe nails were obtained from each assistant. As
controls, similar samples were obtained from 26 female
subjects not exposed to mercury. The mercury content of
the hair and nail samples was estimated using a method of

(8)

neutron activation analysis. This method had a sensi-
tivity of 10”10 gn.

The hair and néil samples, weighing about 20 mg. were
sealed in aluminium or silica tubes and irradiated in a

O12 neutrons per sguare centimetre per

thermal flux of 1
second for a period of one week (B.E.P.O.) After irradia-
tion, two radioactive isotopes of mercury 197 and mercury 203
were formed, which were suitable for measurement by activa-
tion analysis. Because of its greater ease of detection and

longer half-life, mercury 203 was selected for estimation.

Results

In the control group, the mercury content of the nail
samples showed a mean value of 5.10 ppm. In this group
there was little difference between the mercury content of
finger nails or toe nails. In the surgery assistants'
group, the mean value for toe samples was 9.3 ppm. mercury,

while that of finger nails was much higher at 68.76 ppm.
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The mean mercury content of both axillary and head
hair samples in the control group was 8.8 ppn.

In the surgery assistants group, while the mean
mercury content of axillary hair was 7.88 ppm., that of
the head hair was 32.25 ppmn.

It can be seen, therefore, that the mercury content
of both head hair and finger nails, parts of the body which
are exposed to mercury, was much higher in the surgery
assistants group than in the control group.

These findings suggest that chronic mercury poisoning
(in some cases undiagnosed perhaps) may be a hazard to
either dentist or his staff. One such case which came to
notice following this investigation concerned a dentist and
his surgery assistant who complained of signs and symptoms
similar to chronic mercury poisoning. Both had been com-
plaining of profuse salivation together with tremors of the
hands, insomnia and irritability. The mercury content of
the dentist's finger nails was 558 ppm. and the head hair
171 ppm., while the assistant showed 286 ppm. for the finger
nails and 50.8 ppm. for the head hair. On investigation
it was fouﬁd that amalgam fillings were prepared by both
dentist and assistant and that excess mercury was allowed to
escape on to the floor in close proximity to an electric
convector heater. When the floor covering was removed, a
quantity of mercury (approximately 3 ml.) was found below
the floor boards.

A further investigation is being carried out to deter-
mine the reasons for the higher mercury content in these

subjects. In these cases, such factors as careless handling
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of mercury during preparation of amalgam, or working in
dental surgeries where ventilation and working surfaces are

inadequate are being considered.

Summary

Mercury is a possible hazard to health in the dental
surgery. lMeasurements of the mercury content of hair and
nail samples were carried out on female dental surgery
assistants using a sensitive method of neutron activation
analysis. The results of these analyses showed that the
mercury content in both finger nails and head hair in this
group was much greater than in the control group, and could

constitute a possible hazard to health.
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ESTIMATION OF MERCURY IN HUMAN ENAMEL
BY ACTIVATION ANATLYSIS

Mercury is found in all human tissues in trace amounts.
The highest concentration is found in the kidneys followed
by the liver and spleen and there is evidence that mercury

(1)

can be stored in the bones. It was the purpose of tThe.

present study to determine the mercury content of human
enamel using a sensitive method of activation analysis.(g)

Since the introduction of silver amalgam as a res-
torative material, the presence of mercury in the tissues
has given rise to much discussion because of its toxic
properties. ]3‘:c':>rkholm(5> has stated that mercury vapour
may be given off from dental amalgam from the time of its
insertion into the tooth cavity until it is set, that is,
until the mercury is bound into the stable phase of amalgam.
He considers that there is a short exposure to mercury,
during this setting period, of the order of 0.02-0.20 mg.
Hg/m’.

Mercury consists of a mixture of many isotopes.
After irradiation, the two isotopes most suitable for
measurement are 196Hg (n,Y) 197Hg with a half-1life of 65
hours and 20%Hg (n , y) 2O%Hg with a half-life of 47 days.
The thermal neutron capture for 197Hg is 4.5 barns and
for 2O5Hg is 1.13 barns. Because of its longer half-life
and greater ease of counting, 2OBHg was used in this study.

This isotope emits B rays with a maximum energy of 0.208 MeV

and ~  ‘rays of 0.279 MeV.
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Materials and Methods

Enamel samples were obtained from forty sound extracted
permanent human teeth which were free from enamel defects.
None of the teeth in this group was in direct contact either
approximally or occlusally with teeth containing amalgan
fillings. In this way, direct contamination of the enamel
with mercury from amalgam was avoided as far as possible.
The age of the patient and the position of the tooth in the
arch were noted in each case. The proximity of teeth con-
taining amalgam fillings was also noted. Twelve unerupted
teeth which, on clinical examination, showed no communica-
tion - with the oral cavity were also used. A further series
of enamel samples was taken from seven sound teeth which were
in direct approximal contact with teeth containing silver
amalgam fillings.

The crown of each tooth was washed in distilled water
and sectioned across at midcrown level using a Carborundum
disc. The enamel thickness at‘this level was measured and
then divided into an outer and inner enamel léyer by means
of a cutting disc on a micrometer gauge. A fresh cutting
disc was used when cutting each section to avoid contamina-
tion. Care was taken when cutting the inner enamel layer

to0 ensure that no contamination with dentine occurred.

Method of Analysis

Twenty milligram sections of tooth enamel were weighed
into aluminium or silica tubes which were sealed. The

samples were irradiated with thermal neutrons for 1 week at
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1012 neutrons per cmg. About 1 mg. of metallic mercury was
accurately weighed and sealed in a silica ampoule. This
was irradiated at the same time and employed as a standard.
It was diluted as necessary to give a count rate comparable
with the samples and was processed exactly as the enamel
sample.

After irradiation, the samples with 10 mg. carrier
mercury were digested in 2 ml. of a mixture of nitric acid
(16N) and sulphuric acid (36N) in ratio of one to one.
Conical-bottomed flasks of 25 ml. capacity and with 6-inch
necks were used for the digestion. When digestion was
complete, the acid solution was transferred to a 50 ml.
centrifuge tube and neutralized with sodium hydroxide
solution (5N). It was made acid by adding 3 drops of
nitric acid (16N) and diluted to 10 ml.  After heating on
a water bath for a few minutes, the mercury was precipitated
as the metal by adding 2 ml. of absorbic acid solution
(1 per cent w/v). This precipitate was centrifuged and
washed well with water and then acetone. The last traces
of acetone were removed by heating for a minute or two on a
boiling water bath. Approximately 10 drops of nitric acid
(16N) were added to dissolve the dry mercury which was then
diluted to about 10 ml. One ml. of silver nitrate solution
(per cent w/v) was added to the mercury solution and well
mixed.

The silver was precipitated by adding 2 ml. of sodium
iodide solution (10 per cent w/v), the resulting solution
centrifuged or filtered to obtain the supernatant and the

precipitate rejected. The solution was neutralized with
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Table 1

Mercury in Inner and Outer Enamel Layers of Unerupted Perm-
anent Teeth

Age Tooth Enamel Mercury
(ppm)

82 8/ Inner 1.1
Outer 0.10

23 /8 Inner 0.10
Outer 0.10

51 /8 Inner 0.10
Outer 0.10

12 5/ Inner 0.10
Outer 0.10

49 3/ Inner 3.46
Outer 0.10

21 /8 Inner 0.10
Outer 0.10

41 /3 Inner 0.10
Outer 0.10

ammonia (10 per cent v/v) to congo red end-point and 3 ml.
copper ethylenediamine complex added. This complex was
prepared by mixing one part of copper sulphate solution (10
per cent w/v) with 10 parts of 1:2 ethylenediamine (10 per
cent w/v). The mercury was precipitated as copper ethylene-
diamine mercury iodide which was then washed well with water
and isopropyl alcohol. The activity was detected using a
scintillation counter. The precipitate was slurried on to
weighed stainless steel planchets with isopropyl alcohol and
a comparison made between the recoveries and the count rates

of the samples with the processed standard. All reagents

were "Analar" grade.
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Table 2

Mercury in Inner and Outer Enamel Layers of Erupted Per-
manent Teeth

Outer Inner Outer  Inner

Age Layer Layer Age Layer Layer
(ppm)  (ppm) (ppm)  (ppm)

78 0.81 O.14 9 2.13 2.61
14 4,24 2.17 21 3.55 2.90
63 2.12 1.06 41 2.79 1.40
38 2.07 12.70 20 10.00 2,74
13 5.80 4,48 17 0.50 0.56
9 16.00 8.25 20 3.4 2.43
13 .1.68 - 2.85 20 3.74 1.22
37 2.72 1.74 3 2.61 0.84
11 3.50 2.89 14 0.34 0.68
14 3.49 0.79 21 0.95 0.80
13 3.48 0.72 12 0.68 0.90
23 10.90 2.79 13 0.72 1.34
35 3.41 1.48 11 0.30 0.27
21 4,90 1.67 13 4,10 2.78

Results

The mercury content of the unerupted teeth (Table 1),
with two exceptions, was less than 0.1 ppm. This figure
is just within the limits of measurement of the method. In
the erupted teeth (Table 2) the mean mercury content was
2.61 ppm. and the median 2.07 ppm. Small differences.were
found betweeh the outer and inner layers of the enamel of

the erupted teeth. The mean of the outer enamel layer was
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2.79 ppm. with a median of 2.15 ppm., while the mean of the
inner enamel layer was 2.34 ppm. with a median of 1.06 ppm.
The range of distribution of the mercury in the

enamel of the erupted teeth is shown in Figure 1.

In erupted teeth where the enamel was in immediate
contact with silver amalgam, the mercury content was much
higher, ranging from 153 to 1,200 ppm. for the inner enamel
layer and from 279 to 1,600 ppm. for the outer enamel
layer (Table 3).

Table %

Mercury in enamel of erupted teeth in immediate contact
with silver amalgam

Inner Outer
Age Tooth Enamel Enamel
9 /6 286 279
11 /5 850 1,260
12 /5 690 730
13 &7 656 1,290
21 /6 541 1,600
20 7/ 1,200 1,340
35 5/ 153 341
Discussion

The mercury content of the enamel of unerupted teeth
is just within the limits of measurement detectioh. In
the two cases where the mercury content was higher it is
possible that some communication existed between the tooth

and the oral cavity. The higher mercury content of the
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enamel of erupted teeth can be attributed to the contamina-
tion in this enamel of mercury either from mercury vapour
during the setting phase of amalgam or by migration of
mercury ions from existing amalgam fillings. In teeth
which were in direct contact with silver amalgam fillings,
the higher mercury content may be due to direct and con-

tinuous migration of mercury.

Summary

Using activation analysis, the mercury content of the
inner and outer enamel layer of individual teeth was esti-
mated. In forty sound erupted teeth, a mean wvalue of 2.79
ppm. was obtained for the outer enamel layer and 2.34 ppm.
for the inner enamel layer. In seven unerupted teeth the
mercury content of the enamel was of the order of 0.1 ppm.
Enamel of teeth in contact with silver amalgam fillings had

mercury contents ranging from 15% to 1,600 ppm.
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STRONTIUMgO UPTAKE IN THE DECIDUQUS AND PERMANENT
TEETH OF CHILDREN IN THE WEST OF SCOTLAND

A significant uptake of the radioactive isotope
strontium-90 by the mineralizing tissues has been evident
since 1953. The level of the uptake is related to the
concentration of this element in the diet and is a conse-
quence of atmospheric contamination from the products of
nuclear fission. Measurements of the concentration of
strontium-90 in teeth have been given by Bryant, Henderson
and Holgate (1960) and again by Starkey, Bryant and
Henderson (1964). No attempt was made in these studies to
limit the analysis of teeth to a particular geographic area.
In this study it was proposed to determine the levels of
strontium-90 in the deciduous and permanent teeth of

children in Glasgow and its immediate environs.

Tooth Samples for Analysis

Deciduous and permanent teeth were collected from
children known to have spent all their years in Glasgow.
Only sound teeth were used for analysis as caries would
produce decalcification of the teeth with a possible effec?t
on the calcium to strontium-90 ratio.

The samples from each group were pooled to provide
sufficient materials for analysis. Whole teeth were used
for analysis and no attempt was made to separate the crown

from the root portion.
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Analvytical Method

The method of analysis was that of Parker, Henderson
and Spicer (1965). Teeth samﬁles were weighed, then dissol-
ved in nitric acid and an aliquot of the solution removed
for calcium and stable strontium determinations. Strontium
and barium carrier solutions were added to the remainder
of the acid solution and the alkaline earths precipitated
as oxalates. This precipitate ié decomposed using nitric
and perchlopic acids before strontium with calcium and
barium is reprecipitated as carbonate. Nitric acid separa-
tions are carried out to remove the calcium and isolate the
strontium. Barium together with any radium and its
associated radionuclides is removed by chromate precipita-
tion, before finally precipitating the strontium as car-
bonate. After a period of about 14 days to allow the
strontium-90 to come to equilibrium with its daughter
yttrium-90, assay of the activity is made uSing a low back-
ground counting unit (Rowan and Stevenson, 1960).

Calcium is determined by a method of McIntyre (1961)
and using a Zeiss spectrophotometer with flame attachment.
Stable strontium is determined using the same instrument

and by an additional standard method of Harrison‘(1958).
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Results

The strontium-90 values for whole teeth are given in

Table 1.
Table 1
T3 8y (d) 14.8¢g 297 3.2 0.15
4 8 (p) 19.75 320 2.7 0.15
5 7y 17.25 256 3.8 0.1
6 9 10.9 183 1.35 0.07
7 10 11.0 291 1.5 0.06
8 11 6.9 201 0.95 0.1
9 6 22.9 218 2.9 0.03
10 5 () 2.7 292 4.5 0.4
13 4 (4) 1.86 252 2.2 0.4
14 12 7.2 354 2.0 0.1
15 5 (@ 12.9 157 3.3 0.08
16 6 24,3 196 2.85 0.05
17 7' 134 245 3.05 0.07
18 8 11.5 273 2.1 0.07
19 9 2.3 227 1.15 0.25
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Discussion

The results of whole teeth analysis indicate that the
levels of strontium-90 in whole teeth from the West of
Scotland are higher than those given by Starkey, Bryant and
Henderson (1964) which ranged from 0.17 - 0.9 Sr pc/g Cu.

A comparison of the levels is given with the 1963-64 tables
for Sr in bone in Glasgow (Table 2).

Even with this increase in levels of»9OSr in the teeth
there is no evidence available to indicate that these levels
of contamination are dangerous. Structural differences
between teeth and bone make it difficult to relate strontium-
90 levels in bone and in teeth. The concentration of
calcium in teeth is higher than that of bone and with
equivalent values the amount of strontium-90 per gram of
tooth is greater than the amount of strontium-90 per gram of
bone by a factor of about 2.3 (Bryant, 1964). In addition
as the levels of strontium-90 in food stuff vary so would
the levels in bone. Whereas the concentration of strontium-
90 in teeth would remain at the level originally laid down

at the time of calcification.
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INHALATION OF OIL PARTICLES FROM AIR
TURBINE HANDPIECES

The air turbine handpiece is now accepted as standard
equipment in the dental surgery. By its use, tooth
structure can be removed more rapidly and patient discomfort
reduced to a minimum. Unfortunately, a number of side
effects have resulted from the use of these handpieces, one
of which has been a complaint by dentists of a greater
tendency to upper respiratory infection. As a prophylactic
measure, many operators now wear protective face masks.

In operation, the air turbine handpiece forms an
aerosol consisting of droplets of oil and water. When
cavities are being prepared in the mouth, this aerosol may
contain, in addition, tooth debris and micro-organisms.

A report by Kazantzis (1961) has stated that, during
cavity preparation, the amount of respirable dust is small,
especially when using a water jet, and that there does not
appear to be any greater risk of bacterial contamination
with the use of the air turbine handpiece than with con-
ventional handpieces. However, in a comparative study of
aerosols generated by conventional and air turbine hand-
pieces while cutting tooth structure, Madden and Hausler
(1963) found that a greater concentration of aerosols occurr-
ed with the air turbine than with the conventional handpiece.

The inhalation of oils in the production of human
disease was extensively studied by Pinkerton (1928). He
found that different types of oil, such as mineral or

vegetable, produced a different reaction within the lung.
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In general, the reaction of the lung tissues to the presence
of irritating oily substances is characteristically macro-
phagic and proliferative. The extent of the lesions and
degree of fibrosis produced are mainly determined by the
quantity and chemical constitution of the oil which is
introduced into the parenchyma. Oils which cause the
greatest reaction are the mineral oils, while in general

the majority of vegetable oils, such as olive oil, may cause
little residual fibrosis. Spencer (1962) has stated that
the majority of vegetable oils become emulsified and are not
hydrolysed by the lung lipases. They are mainly expec-
torated causing little or no residual damage.

One important factor in determining whether the
inhaled o0il reaches the lung alveoli or not is the size of
the particle. It has been suggested that the maximum
retention of o0il particles takes place when the particle
size is 0.5 to 5 p in diameter. While particles of less
than 0.5 p in diameter tend to be exhaled as readily as they
are inhaled, those of less than 100 p in diameter are more
likely to find their way into air passages, including the
alveoli.

The defence mechanisms of the respiratory tract afford
a certain amount of protection from inhalation of aerosols.
The larger particles are stopped by the hairs of the nasal
cavity, while smaller particles which pass through into the

larynx and pharynx may excite the cough reflex and some will

be expelled. Bland oils, however, do not excite the cough

reflex and oils of this nature may flow readily from the

pharynx‘and larynx into the dependent parts of the lungs
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(Anderson, 1957), Some smaller particles of these oils may
be retained in the trachea and bronchi, while others pass

to the lungs. Although the quantity of oil reaching the
parenchyma at any one time may be small, daily inhalation
of any oil over a period of time may cause accumulation.

It waé the purpose of this investigation to determine
if measurable amounts of 0il are inhaled from air turbine
handpieces, by both operator and paﬁient under experimental
conditions and to determine also if the atmospheric con-

centration of these o0ils in the surgery was significant.

Materials and Methods

An artifical lung unit was constructed to simulate
normal respiration (Figs. 1 and 2). Regulation of the
respiratory rate was controlled electronically by the
circuit shown in Figure 3. Air was drawn through the
filter (F) by means of a respiratory bag filled with air
under negative pressure supplied by pump (P). Positive
pressure was supplied by nitrogen from a cylinder. Two
automatic solenoid valves were incorporated into the pipe-
line to the artificial lung, one valve (SV1) being connected
to a source of positive pressure, and the other (SV2) to a
gsource of negative pressure. By energising the valves
alternately, the artificial lung was inflated and deflated
as required. The timing sequence was controlled by the
transistor multivibrator (Tq, Tg). The timing impulses,
the lengths of which were set accurately by means of
potentiometers, (VRq, VR2) were fed to driver transistors

(TB’ T,) which, in turn, governed the operation of the
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solenoid valves. The pilot lamps (LPq, LP2) gave a visual
indication of the timing cycle. The power supply was a
basic mains-operated bridge-rectifier unit giving an output
of 24V, 0.5 A, The respiratory rate was controlled at 16
inhalations per minute. The respiratory volume of the bag
measured a maximum of 1.3 litres/minute at standard temp-
erature and pressure. The filter was placed at a distance
of 8 inches from the mouth of the mannikin.

A Borden air turbine handpiece on a portable machine
was used throughout the experiment. The oil-drip feed was
controlled at the recommended drip rate of 26 drops per
minute and the water flow adjusted to 2 ml. per minute. On
& count taken over the experimental period of 5 minutes
running time, the oil drip rate varied from 26 * 3 drops/
minute. The handpiece operational speed was maintained by
controlling the air pressure to 42.6 p.s.i.

All experiments were carried out in the same room,
which had a cubic capacity of 1,500 cubic feet, and the
temperature was maintained at 58°F. The apparatus was
fixed in the surgery and each experiment allowed to run for
a period of 5 minutes. During the actual experimental
period, the respiratory volume of the bag was maintained at
1,000 ml., which is approximately twice the tidal volume.
The apparatus was controlled from the outside of the room
to avoid inhalation of radioactive material.

In these experiments, the handpiece was fixed in the
mouth of the mannikin in a position similar to that used in

preparing cavities. In other experiments the handpiece was
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placed at varying distances and positions from the mouth of
the mannikin to simulate the distance of a handpiece from
the face of an operator during cavity preparation. The
direction of the aerosol jet from the handpiece was varied.
In this way, the mannikin simulated the position of the
operator.

The filter was prepared by placing four layers of
dental gauze in the filter funnel. It was found that
greater reproducibility of results was obtained if the
gauze filter was lightly coated in unlabelled oil before
placing in the filter. The filter, connecting tube and
mannikin were cleaned with ether after each five-minute run.

Similarly prepared gauze filters of 40 cm.2 in area
were placed at different levels in four positions in the
surgery to measure the atmospheric dispersement and settling
of the oil. Four gauze pads were used for each position.

After a continuous running time of five minutes, one
pad was removed from each position and examined for labelled
oil. This procedure was repeated at five-minute intervals
until a total of twenty minutes continuous running time was
observed.

The radioactivity of the o0il in the gauze was counted
by placing the folded gauze in a glass test-tube and count-
ing in a well-type scintillation counter. The count was

corrected against the standard for decay and background.

0il Labelling Technigue

A standard commercial oil which consisted of 99.7 per

cent olive oil to which had been added citric acid,
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propylgallate, butilated hydroxyanisole to prevent oxidation
and increase the viscosity was used. This o0il, when pre-
pared, was filtered to 10 microns.

The 0il was labelled with radioactive iodine (I132)
by a technique recommended by Veall and Vetter (1958).

1152 has a half-life of 2.3 hours and was obtained as s

daughter product of Te152

which has a half-life of seventy-
seven hours. The Te 7% was washed with 10 ml. N/100
ammonium hydroxide to produce 0.5 mc. I152, to which was
added 20 ml. of ether. To this was added 3 ml. KI

(1 mg./ml.) solution, 1.5 ml. KIO5 (2 mg./ml.) solution

and 0,5 ml. 2N HZSO4‘ When this mixture was agitated
gently, the liberated iodine passed into the ether layer.
The coloured aqueous layer was removed with a Pasteur
pipette. A chlorine solution in ether was added to the
purple iodine solution until it was discoloured. 0il which
had been dissolved in ether. .was added to the iodine mono-
chloride solution so formed -and left to stand for one and a
half hours. At this stage, about 5 per cent of the I152
was attached to the oil. The remaining inorganic iodide was
removed by washing twice with a few millilitres of an alkali
iodide-thiosulphate solution (5 per cent W/V sodium thio-
sulphate solution, 5 per cent potassium iodide and 1 per

cent sodium hydroxide in water) and the aqueous layer
removed, followed by a further washing with water. The
washed solution was transferred to an oven and the ether

evaporated off at 60°C. The labelled oil was then diluted

with 40 ml. of unlabelled oil and placed into the cleaned

0il reservoir of the machine. 1 ml. of labelled oil was
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retained as a standard.

Particle Size Determination

Oil was sprayed from the handpiece on a clean glass
slide. The diameter of 250 particles was measured using
a measuring graticule in the eye piece at a magnification
of 400. The volume of these particles was calculated on the
assumption that the particles remained spherical. A graph |
of the relationship between the volume and size was

prepared.

Results

Inhalation of 0Oil Particles

The results of the test positions of the handpiece are
presented in Table 1. These results show that the amount
of oil found on the filter varied from 0.018 ml. to 0.12 ml.
per hour. The highest result (0.12 ml.) appears excessive
in comparison with the other figures and when the experiment
was repeated at the same distance, a figure of 0.0%4 ml.
was obtained. From the results.of the settling rate of
the particles, it would be expected that the concentration
of the o0il in the region of the mouth of the mannikin would
increase with running time. The smallest concentrations
occurred when the handpiece was directed away from the
mouth and in all cases where the handpiece was directed
towards the mouth, the amount of 0il increased. Small
differences were observed with variations in the distance
of the handpiece from the mouth. The greatest factor in

producing differences was the direction of the handpiece -
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whether facing towards or away from the mouth.

Particle Size and Setting Rate

The particle was measured and a graph showing the
relationship between particle éize and volume is shown in
Figure 4. This shows that the majority of the particles
from the air turbine are 3-8 u in diameter.

The settling rate of the particles was calculated

from Stokes formula:

vV = - 2 b6 -e g a?
2 n
Where V = velocity of fall (cm./sec.)
6 = density of oil (g./cm.a)
e = density of air (g./cm.a)
w = viscosity of air (poises)
g = acceleration due to gravity (cm./sec.z)
a = radius of drop (cm.)

which showed that the settling rate was 0.01 cm./sec. for
a drop of 1 p in diameter. This will lead to a build-up

of 0il concentration as the running time increases.

Discussion

The results show that inhalation of minute amounts of
0il from the air turbine handpiece does occur and that the
amounts inhaled vary according %o the position of the hand-

piece and its distance from the face.

The period of time chosen for the running of the hand-
piece was in excess of that used during any single operation.

In any one day, however, the total running time would be in
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excess of this. Variables, such as temperature and venti-
lation, were controlled by conducting experiments in a
closed room. Physical factors, such as the position of
the patient's head in the headrest and the trajectory of
the expelled aerosols, will also affect the amount of oil
inhaled.

As the time of exposure of the patient to these oils
is relatively small, it does not constitute a hazard to
the pétient's health. On the other hand, the operator is
continuously exposed to the cumulative effect of minute
amounts of oil. Individual reaction to this exposure will
depend on a number of factors, such as total time of
exposure, position of working, ventilation of surgery and
rate of oil—drip feed. Also, the defence mechanisms of
the body have to be taken into consideration as wide
individual variations do occur.

To reduce the possibility of inhalation of oils, the
minimum oil drip feed should be employed and a face mask
worn during prolonged operative procedures.

As a result of the build-up of atmospheric concentra-

tion of o0il, a well-ventilated surgery is desirable.

Summary-

| An artificial lung unit was constructed to allow
measurement of oil 'labelled' with radioactive iodine from
an air turbine handpiece. Results showed that inhalation
of 0il does occur and that the amounts inhaled varied with
tﬁe angle and distance of handpiece. Atmospheric concen-

tration of oils increases with time.
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FIVE YEAR STUDY TO DETERIMINE VARIATIONS IN HEARING
DUE TO HIGH-SPEED AIR TURBINE HANDPIECES

It was considered by many dentists that the noise
produced by high-speed air turbine handpieces produced
alterations in hearing. A preliminary study was carried
out in Glasgow to examine the hearing of dentists exposed
to this noise. A previous study by Cantwell (1960) had
analysed the noise levels of air turbine handpieces and
had concluded that, on the basis of an eight-hour day
exposure, neither dentists nor patients could expect loss
of hearing. It was also stated in this report that
temporary hearing threshold shifts may be obtained which
could not be considered a hazard to hearing.

A later study by Taylor et al. (1965) in a survey of
40 dentists exposed to dull noise for an average period of
3.7 years, concluded that a significant noise-induced
threshold shift was sustained particularly in the 4 ke/s
and 6 kc/s frequency range. This report indicated that,
with time, agradual encroachment of the upper frequencies
of speech range may occur.

In the preliminary study in Glasgow seventeen dental
practitioners who had been using air-turbine handpieces
up to two years were examined. Seventeen controls of a
similar age group were also exanined.

To overcome individual variations due to age and pre-
vious noise exposure, final year dental students who had
no exposure to high frequency sound were selected as

subjects. At the time of testing subjects were considered
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to be otologically normal as far as could be ascertained
from previous medical history without clinical examination.
A control group of approximately the same age was similarly
tested. This procedure was carried out annually with a
new group of final year students. Previous subjects and
controls were recalled and hearing re-tested at annual
intervals wherever possible. At the time of testing a
questionnaire was filled in by each subject giving informa-
tion such as approximate exposure to the drill and if any
alteration or upset in hearing had been observed. Subjects
were also asked the type of handpiece used. Groups were

tested from 1961 - 1965.

Testing of Subjects and Controls

Subjects and controls were tested in an accoustically
treated booth using a pure-tone audiometer calibrated to
current British Standard Zero. British Standard Zero is
based on the hearing of 600 young airmen between the ages
of 18-25 who were considered to be otologically normal.

The frequencies used during testing of subjects were
500, 1000, 2000, 4000, 6000 and 8000 c.p.s. The output
was attenuated in 5 db steps.

The method of testing was carried out on an agreed
system and throughout the series this was carried out by
six testers. Due to equipment and test procedures, varia-
tions occurred between the 1961-1965 period. Comparison
of the 1961-65 audiograms was made by applying a correction

to the 1965 audiogram as follows:



db
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Fig V. Comparison of hearing loss between dental gmup using high-speed air-turbine
handpieces and control group. Greater hearing loss in dental group in
higher frequencies. - ‘
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Hearing loss of A in 1961 = + 5 db at 8 ke
Hearing loss of A in 1965 = +10 db at 8 ke

In the control group there was an 8 db improvement at
8 kc due to instruments and test procedures etc. during

1961-65.

Apparent deterioration in dentist group

1961-65 =+ 5 db
Real deterioration (with correction) =5+ 8 db
= 1% db.

Results

The results of the study of 17 dentists showed that
on average the hearing loss in the dental group was greater
than that of the control group (Fig. 1). These results
also showed that a wide individual variation occurred in the
dental group even when exposure to drill noise had been
limited. These wide variations were considered to be
the result of a previous history of ear infection or in
some cases the result of exposure to noise such as

gunfire.

The dental student and control group showed similar
hearing losses which were well within the normal limits
(Fig. 1). |

The total numbers of subject tested from 1961-1965

are shown in Table 1.

The results of a group of 12 dentists examined from
1962-1965 is shown (Table 2) and compared with a control

group of 9 (Table 3).
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Table 1

Totals Tested

Dental Pre- After exposure of:

Group exposure 1yr. 2 yrs. 3 yrs. 4 yrs.
1961 students 28 8 4 6 13
1962 " 32 7 6 12
1963 " 21 3 5
1964 " 21 7

Control Total No.

Group tested
1961 students 20 No. tested after 4 yrs. = 6
1962 " 21 " " " 3 yrs. = 9
1963 " 23 " " " 2 yrs. = 13
1064 " 23

1965 " 35
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Table 2

Dental Group

0,
Group 25% ?gﬁ Dentists with H.L.
. of 12 who Wl
Hearing loss no
1262_ comb~  comp- R. ear L. ear Both
965 lained 1aints ears

No sig. H.L. 50% 33.2%  55.5% - - -
Sig. H.L. at

1 freq. 33.3%  33.3%  33.3% 66.7% - -
Ciran. 00 8% - 2% - - 16.6%
Sig. H.L. at

1 ke/s 8.3%  33.3% - - - 16.6%

%2 ke/s

Of 12 ears with H.L., ten were in the right ear (83.3%%)

Controls - 2 subjects correct for presbycusis.

Table 3

Control Group

. Group of 9
Hearing Loss 1962-1965
No sig. H.L. 77 8%
Sig. H.L. at 1 fregq. 11.1%

Sig. H.L. at 2 freq. 11.1% (subject noise exposed)




- 91 -

Discussion

It would appear from this study that the dental group
showed a more significant deterioration of hearing than
the control group and that greater individual suscepti-
bility was observed. If a threshold shift of 15 db is
not considered significant the greatest hearing losses
occurred at the 4, 6 and 8 kec. level. Within the dental
group a greater deterioration of hearing was observed in
the right than with the left.

No attempt was made in this study to correlate hearing
loss with noise levels. The importance of any hearing
loss in a young person is that this loss will be added %o
hearing loss due to age. While a hearing loss in a
younger person may not appear to be a social handicap at
this stage it may become so when the hearing loss due to age

is added in later years.
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ESTIMATION OF MANGANESE IN HUMAW ZEi&EL
BY ACTIVATION ANALYSIS

Sunmary

A method for the estimation of manganese in biological
tissues by means of neutron activation analysis is des-
cribed. Small enamel samples, weighing from 5 mg. to
25 mg. are taken from the outer and inner enamel layers of
human teeth and irradiated in & reactor for two hours at

2, :
12 n/cm.“/sec. A standard manganese

a thermal flux of 10
sample is irradiated at the same time. The chemical
recovery of the manganese is adjusted for phosphate adsorp-
tion. The results show that manganese is present in all
enamel samples and varies from 0.30 - 2.01 p.p.m. Therg is

a greater concentration of manganese in the outer enamel

layer than in the inner enamel layer.

Introduction

Manganese is always present in body tissues. A 70 kg.
man may have a total of 12.20 mg. Mn (Cotzias, 1958).

Higher concentrations are found in liver and pancreas than
in tissues, such as skeletal muscle. Little is known of
the forms in which manganese exists in the body tissues.

The daily intake of manganese may vary from 2.0 - 8.0
ng., depending on the diet. Some foods, such as tea, are
excepbionally rich in manganese (150-900 p.p.m.). The
role of manganese in calcification is not fully understood.
Tt has been suggested that manganese is necessary for

certain enzyme activities probably required in
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calcification (Hess, 1960).

The concentration of manganese in teeth has been
estimated by chemical and spectrographic methods. Samsahl
and Soremark (1961) have given a mean value of O.54 p.p.m.

for enamel using gamma-ray spectrometry.

Materials and lMethod

Enamel samples were obtained from thirteen sound
extracted permanent human teeth which were considered to be
free from enamel defects. The teeth were washed with
de-ionised water and transversely sectioned into an occlusal,
a middle and a gingival layer. The enamel thickness of
the middle and gingival layers was measured microscopically
and each layer then divided into an inner and outer enamel
layer by means of a carborundum cutting disc with a micro-
meter gauge. A fresh cutting disc was used for each section
to avoid contamination. Particular care was taken when
cutting the inner enamel layer to ensure that no dentine
was included in this section. No attempt was made to

separate the occlusal enamel into inner and outer layers.

Experimental

Outline of Method

The enamel samples were digested in concentrated nitric
acid, following irradiation, and the radioactive manganese
separated by precipitation of Mn02 by sodium chlorate
oxidation. The activity of the sample was measured using
a -spectrometer and compared with a manganese standard

prbcessed in the same way as the samples.
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Preparation and Irradiation of Samples

The enamel samples (5 - 25 mgs.) were weighed into 1"
square polyethylene envelopes, which were then heat-sealed.
For preparation of a standard, a piece of polyethylene
sheet (1" square) was thoroughly cleaned by rinsing in
concentrated nitric acid, followed by two rinses in dis-
tilled water. A known weight of manganese (about 0.7
microgrammes) was evaporated from solution onto this sheet
under an infra-red lamp at a sufficiently low temperature
to avoid damaging the polyethylene. The standard was also
enclosed in a polyethylene envelope, packed with the enamel
samples in a polyethylene tube and irradiated for two hours

O/I2 n/Qm.z/sec. in the

at a thermal neutron flux of 1
Scottish Universities Research Reactor at East Kilbride,

Glasgow.

Manganese 56

100% of naturally occurring manganese is in the form
55Mn. On thermal neutron irradiation, the isotope 56Mn
(t; - 2.58 hrs.) is produced by the nuclear reaction

55Mn (nd‘{)56Mn. The activation cross-section is 1%.% barns.

Chemical Separation

After irradiation, samples and standard were removed
from their containers and transferred to 125 ml. conical
beakers containing 10 ml. of 16M. nitric acid and 1 ml. of
manganese carrier solution (MaCl, - 10 mg. Mn/ml.). The
beakers were then heated on a hotplate until the enamel was

completely dissolved. In the case of the standard, the
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polyethylene is not destroyed, but complete exchange between
the radioactive and carrier manganese quickly takes place

in the hot solution. The polyethylene is removed in sub-
sequent transfer steps. One ml. of 50% (w/v) sodium
chlorate solution was then added to the hot solution to
precipitate the manganese as MnOE. The solutions and
suspended precipitates were transferred to 50 ml. centrifuge
tubes, centrifuged and the supernatant discarded. The
precipitates were thoroughly washed with water and slurried
with water onto weighed planchettes. They were evaporated
to dryness at 100°C under infra-red lamps and re-weighed as

MnO O (Sidgwick, 1952). The recoveries obtained are

28
in the region of 85%.

Counting
Using a 3 in. NaI(Tl) crystal and a Laben 512 channel

pulse height analyser, the Y -spectrum obtained (Fig. 1)
showed the 0.845 MeV photopeak of Mn56 free from contamination.
The degree of radiochemical purity, as determined by

Y -spectra and half-life considerations, is suitable for

the accurate determination of manganese.

Calculation of Results

The relative activities of samples and standard were
obtained by calculating the area of the photopeak by the
digital method of Covell (1959). This is a method of peak
area estimation which involves summing the counts in an
equal number of channels above and below the photopeak
maximum and subtracting an amount representing the peak

base from the total sum obtained. These areas were
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corrected for decay and chemical recovery and the manganese
content of the samples obtained by comparison of sample and

standard activities.

Chemical Recovery

When tooth samples are subjected to the chemical
separation, high recoveries are obtained. This is thought
to be phosphate from the enamel being co-precipitated with
the Mnoe.

It is shown in Table 1 that for samples weighing up to
40 mg., the amount of adsorbed phosphate is directly pro-
portional to the sample weight. Above this weight, the
amount of phosphate adsorbed reaches a constant value.

For samples weighing less than 40 mg., an average
adsorption value of 0.092 mg. phosphate per mg. tooth
sample was calculated.

The chemical recoveries obtained during an analysis
were adjusted for phosphate adsorption using the above
factor before the yield comparison was made. This correc-
tion is, of course, only valid for fairly constant recoveries

of MnO Table 2 shows the magnitude of error between

o
the experimentally determined adjustment and the use of the
above factor. It can be seen that the error introduced
by using the average figure is less than the overall pre-
cision of the analysis. The latter is estimated to be
better than 5% from repeat analyses on powdered tooth
samples (Table 3).

Comparison of results obtained, for tooth and biolog-

ical material, using this method and the full separation
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Table 1

Phosphate Adsorption

Sample Size Phosphate Adsorbed
(mg.) (mg.)

10.0
12.9
19.5
29.1
26.6
38.1
56.5
63.9
73.2

L] e e 0
a3 F O \WuU 0w & W
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Table 2

Difference in tooth manganese content as
influenced by recovery correction

Adsorption

Correction Method rooth lManganese Content (p.p.m.)

Average figure 1.32 0.8% 0.66 0.55 1.32 0.69
Measured figure 1.4 0.84 0.65 0.55 1.29 0.67
Percentage error 1.5% 1.2% 1.5% 0.0% 2.3% 3.0%

Table 3
Repeat Analyses

Analysis Sample 1 Sample 2 Sample 3

1 0.83 0.54 3 4
2 0.89 0.42 2.31
3 - - 2.17
4 - - 1.74
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technique of Smith (1962) showed agreement within the quoted

experimental error.

Results

The results of the analyses of successive layers of
enamel samples are shown in Table 4. The manganese content
of the occlusal enamel ranged from O.45 - 1.98 p.p.m. In
the middle layer, the outer enamel was 0.66 - 2.01 p.p.nm.,
while the inner enamel was 0.%4 - 0.79 p.p.m. In the
gingival layer, the outer enamel was 0.35 - 1.34 p.p.m.,
and the inner enamel 0.30 - 0.76 p.p.m.

An interesting result is seen in samples No. 4A and
4B and samples No. 10A and 10B. Fach paired sample repre-
sented premolars extracted from opposite quadrants in the
same mouth. The times of eruption of these teeth were
similar and there is a close relationship between the

manganese content of the enamel.

Repeat Analyses

In some samples, more than one analysis was per-
formed on sections from the same layer of teeth (Table 3).
In the first two samples, the results seem close enough
to be within experimental error, but in sample No. 3 , the
differences are too great to be experimental errors and
are probably genuine variations in the manganese content

of each section of enamel.
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Table 5
Repeat Analysis of Powdered Enamel Samples

Ma (p.p.m.)

4.10
4.06
4.11
4.26
4,09

Note: These results are higher than normal due to contam-
ination of the enamel during the grinding process
in the steel mortar.  The teeth used for this
powdered sample gave normal values on previous
analysis when enamel sections were used.

Discussion

The present study would indicate that manganese is a
constituent of enamel. It appears to be greater in con-
centration in the outer enamel layers than in the inner
enamel layers. Manganese is deposited in enamel during
calcification, which would account for the uniformity of
concentration in the inner enamel layer. When calcifica-
tion is complete, there may be a post—eruptive gain in

manganese from food and other external sources.
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ESTIMATION OF ANTIMONY IN HUMAN ENAMEL
BY ACTIVATION ANALYSIS

Introduction

Antimony is generally thought to be a non-essential
element for humans and is one of the elements of high
toxicity. Little is known of its distribution and met-
abolism in human tissues. The levels at which it occurs
in dry human tissues from post-morten samples have been
determined for a number of organs (Molokhia, 1966). The
average values found are given in Table 1. The results

are from determinations on 25 samples of each organ.

Table 1

Antimony Content of Dry Human Tissue (lMolokhia, 1966)

Mean antimony content

Organ (p.p.m.)
Lung 0.56
Liver 0.14
Kidney 0.17
Brain 0.11
Heart 0.09
Stomach 0.08
Spleen 0.07
Bone 0.30

Antimonial drugs are widely used in tropical countries
in treatment of bilharziasis. It has been shown that
pentavalent antimonials are found in higher concentrations
in the plasma than in the erythrocytes (Lippincott, 1947).

Trivalent antimonials can remain in the circulation bound to



- 105 -

erythrocytes while the antimony in the plasma falls rapidly

by excretion via the kidney (Brady et al., 1945).

Experimental

Preparation and irradiation of samples

Samples of sound human permanent teeth free from
enamel defects and not in contact with teeth containing
restorations were obtained from dental patients in Glasgow,
Scotland (10 teeth) and Alexandria, Egypt (19 teeth).
Teeth were extracted using forceps the beaks of which were
covered in polythene to aveid metallic contamination of
enamel. The teeth were rinsed with distilled water and
enamel sections prepared by sectioning with a carborundum
cutting disc with a micrometer gauge taking care to avoid
sample contamination. No dentine was included in the
samples. The British samples were transversely sectioned
into an occlusal, a middle and a gingival layer and the
last two layers were sectioned into an inner and an outer
enamel section. The enamel from the Egyptian patients was
not divided into outer and inner layers.

The samples were weighed and irradiated in aluminium
foil in BEPO, Harwell, at a thermal neutron flux of
1012 n/cmz/sec. for three days. A standard of high purity
antimony potassium tartrate (about 0.5 mg.) was irradiated
in a silica tube at the same time as the samples. After
irradiation the standard was dissolved in hydrochloric acid

and diluted as required.

Chemical Separation

After irradiation, the samples and an aliquot of the
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standard solution were digested in a sulphuric/nitric acid
mixture containing 10 mg. of antimony carrier.

Following digestion a full radiochemical separation
was used to produce the radioactive antimony in a pure form
for counting. Full experimental details of the method are
given by Howie 1965. An outline of the separation is
given below.

The samples were digested in sulphuric/nitric acids.
The clear solution was diluted with water and antimony metal
was precipitated by addition of chromous chloride solution.
The separated precipitate was washed and dissolved in
hydrochloric acid containing hydrogen peroxide and arsenic
carrier (12 mg.).

Arsenic metal was precipitated in the hot solution by
addition of ammonium hypophosphite solution. Copper carrier
(10 mg.) was added to the solution after cooling and pre-
cipitated as the ferrocyanide. Excess ferrocyanide was
‘precipitated by addition of cobaltous chloride solution.

The combined precipitates served as a general scavenging
step. The precipitates were centrifuged and the supernates
filtered. After filtration the antimony was precipitated
as the initial precipitation by addition of chromous
chloride solution. After washing with water the precipi-
tates were transferred to aluminium planchettes with acetone
and dried at 95°C. The activity of the precipitates was
measured using an end~window Geiger counter.

As a check on precision and accuracy five samples of
a homogenous biological standard (powdered kale prepared by

H.J.M. Bowen of Reading University) were analysed. The
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results of the analysis of 100 mg. samples, 0.054, 0,060,
0.056, 0.062, 0.065 p.p.m. compare well with determinations
of other workers which give a value of 0.082 ¥ 0.02 p.p.m.
(Bowen, 1966).

The chemical recovery of antimony was obtained by
weighing the planchettes before and after transferring the
final precipitate. The antimony content of each sample
was calculated by comparing the count-rates of samples and
standard after correction for counter dead time, chemical
recovery and background radiation. The sensitivity of the

method was 1 gm.

Results

The antimony content of the enamel from the teeth of

Glasgow patients is shown in Table 2.

Comparison of Antimony and Arsenic Levels

As arsenic and antimony are chemically similar, the
range of results has been compared with previous arsenic
results (Nixon, 1960) (Fig. 1).

The results for the antimony content of the enamel
from Egyptian patients are shown in Table 3. The
results are grouped according to whether or not there was

a history of antimony treatment for bilharzia.
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Table 2

Antimony content of enamel from Glasgow patients
(p.p.m. antimony)

Tooth Age Sex Occlusal fidale ‘ Ginglval
Outer Inner Outer Inner
8/ 25 F - 0.665 0.0%7 0.016 0.044

5/ 27 M - 0.026 0.379 0.075 -
8/ 27 F - 0.044 0.021 0.065 0.016
8/ 17 F - 0.037 0,058 - 0.015
8/ 26 M - 0.011 0,005 0.010 0.020
5/ 61 F - 0.019 0.048 0.074 0,243
8/ 33 F 0.005 0.019 0,054 0.091 0.099
8/ 19 F 0.139 0.464 0,030 0.282 0.121
8/ 33 F 0.010 0.054 0.034 0.071 0.043
5/ 14 F 0.011 0.019 0.095 0.028 0.060
Mean 0.041 0.136 0.078 0.079 0.073
Median - 0.031 0.042 0.079 0.044
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Table 3

Antimony content of Enamel from Egyptian Patients
(antimony p.p.m.)

Treated patients
(antimony treatment
for bilharzia)

Age Sex Tooth  Sb level Age Sex  Tooth Sb level

Untreated patients
(no bilharzia)

19 F /5 0.055 41 M 57 0.080
15 F &/ 0.027 30 F 6/ 0.091
15 F &/ 0.012 15 Ui /5 0.194
23 F /6 0.018 50 M 77 0.058
23 F /6 0.096 30 - 6/ 0.189
28 F 8/ 0.023 22 M G/ 0.043
20 F /6 0.0%39 27 M 77 0.034
22 M /6 0.022 40 F 6/ 0.025
50 F &/ 0.027 25 M /8 0.024
45 F 6/ 0.012
Mean antimony Mean antimony
content 0.034 : content 0.070
Median antimony Median antimony
content 0.026 content 0.058
Discussion

Antimony appears to be present in teeth, as in other
body tissues, as a non-essential trace element whose pre-
sence depends on the absorption of antimony into the body
from the diet or the atmosphere. No difference was found
between the antimony content of outer and inner enamel
layers. There would appear to be slightly more antimony

present in teeth from people who have a history of antimony
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injections. This difference is not very significant and
further consideration must be given to factors such as the
age of the subject when drugs were administered together with
dosage and duration of administration. The level of
antimony in enamel from untreated Egyptian subjects is
slightly lower than that of enamel from Scottish subjects.
This may be attributable to the higher degree of industrial

contamination in Glasgow relative to Alexandria.

Summary

The antimony content of the outer and inner layers of
enamel from samples of human teeth was determined by a
method of neutron activation analysis. The samples, weigh-
ing from 20-25 mg., were irradiated in a reactor for three
days at a thermal neutron flux of 1012 n/cmg/sec. The
antimony activity was determined after a radio-chemical
separation by means of a Geiger counter. The samples
analysed were from the teeth of Scottish patients and also
from Egyptian patients some of whom had received antimony
injections in treatment of bilharziasis. No difference was
found in the antimony content of the outer and inner enamel
layers. The mean level of antimony found was 0.04 p.p.m.

and the range 0.005 - 0.67 p.p.m.
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ESTIMATION OF ZINC IN HUMAN ENAMEL

BY ACTIVATION ANALYSIS

Summary

Chemical and physical methods are described for
estimating zinc in biological tissues by means of neutron
activation analysis. Small enamel samples weighing
approximately 20 mg. were taken from the outer and inner
layers of permanent human teeth and irradiated in a reactor

2 n/cm2/sec. A standard zinc

thermal neutron flux of 10
sample was irradiated for a similar period. The results
showed that zinc was present in all enamel samples and
ranged from 58-1550 p.p.m. Greater concentrations of zinc
were found in the outer enamel layer than in the inner.

Satisfactory agreement of results was found between the

chemical and instrumental methods.

Estimation of Zinc in Human Enamel by Activation Analysis

Zinc is a constant trace element found in all human
tissues and fluids. Values of 1.4 to 2.39 g. have been
estimated for the whole body in a 70 kg. man (Widdowson,
McCance and Spray, 1951). It appears to be an essential
trace element and is a constituent of the enzyme carbonic
anhydrase. The zinc content in human tissue ranges from
12 p.p.m. in the adrenal glands to higher concentrations
in the skeleton. In blood, zinc is a constant constituent
of plasma or serum and of erythrocytes and leucocytes.

The zinc content of the skeleton has been given by Taylor

(1961) as relatively high at 150-200 p.p.m. He states
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that zinc is taken up and retained by the skeleton. Pre-
vious studies on the zinc content of teeth have been carried
out by Cruickshank (1936). Using chemical analysis he
found concentrations of zinc in enamel to be within the
range 211-260 p.p.m. for permanent teeth. In dentine the
concentration was 130 p.p.m. His method of separation of
enamel and dentine was, however, empirical. In a later
paper Cruickshank (1940) stated that a 17.1% increase of
zinc was found in enamel of patients suffering from
tuberculosis.

Estimations of zinc were carried out by Brudevold
et al. (1963%) by spectrographic and spectro-photometric
methods using pooled samples of teeth. These investigators
found that the concentration of zinc was much higher on the
outer surface of enamel than on the sub-structure and that
concentrations ranged from 430-24100 p.p.m. The concentra-
tion of the deeper layers of enamel was similar to those
previously shown by Cruickshank (1936).

Soremark and Samsahl (1961) found a mean value of
276 p.p.m. for enamel using gamma-ray spectrometry but no
separation of enamel into layers was attempted. They
stated that zinc levels in enamel were higher than in

dentine.

Isotopes

On neutron irradiation, the following isotopes of
zinc are produced:-
72085, 209, mn®® 20?1, zn?™.  In this work za®? (ty -

9
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57 mins.) and Zn®2 (t% - 245 days) were used. It is also

possible to use Zn® ™ (4, - 13.8 hours) but with decreased

69m

sengitivity. Zn69, and Zn may be detected using a

Geiger counter. A scintillation counter is required for
Zn65.

Sample preparation

The enamel samples are prepared from sound, extracted
human teeth, free from enamel defects. The enamel is
separated into an inner and an outer layer using a carbor-
undum cutting disc with a micrometer gauge. The size of

sample used is about 20 mg.

Analytical Method

Two methods of analysis are used in this study.

(a) Chemical Separation

The samples and a zinc standard are irradiated for

1 hour in a reactor with a thermal neubtron flux of

o2 69

1 n/cmz/sec. This irradiation produces mainly Zn~~.
Following irradiation, the samples are digested in 16l
nitric acid along with 10 mg. of both copper and zinc
carrier. The zinc standard (about 1 microgram of zinc)

is similarly treated. When digestion is complete, the
solutions are evaporated to dryness. 1 ml. of 11M hydro-
chloric acid is added and the sample taken to dryness again.
The residue is then dissolved in about 10 ml. of 2II

hydrochloric acid and transferred to a strongly basic

anion exchange resin in the chloride form. After transfer,
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the column is washed with 25 ml. of 0.12M hydrochloric acid
containing sodium chloride (10% w/v) 25 ml. of 2M sodiun
hydroxide solution containing sodium chloride (2% w/v)

are then passed through the column to elute the zinc.

The zinc fraction is made slightly acid with 17.5M
acetic acid and heated in a water bath. 5 ml. of guinaldic
acid solution (2% w/v) is added to precipitate the zinc as
the quinaldate. The precipitate is washed with water and
acetone, transferred to an aluminium planchette and dried
at 100°C. The activity is measured with an end window
Geiger counter. Following correction for background
radiation, decay and chemical recovery, the zinc content is

calculated by comparison with the zinc standard.

(b) Instrumental

For this analysis the enamel samples and zinc standard
are irradiated for one week in a reactor with a thermal
neutron flux of 1072 n/en®/sec. (BEPO, Harwell). They
are then put aside for about three months so that the short-
lived activities decay. After this decay period gamma
spectrometric analysis shows that the oniy_photopeak remain-
ing in the sample is from 7n®> (t% - 245 days). Using a
pulse height analyser and a sodium iodine (T1) crystal, the
activity in samples and standards are measured over the
Zn®> photopeak (1.12 MeV).  The zinc content of the
samples is calculated by comparison of the measured activity
with the standard following a correction for background

radiation.

¢
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Results

The results obtained by the two methods of analysis
are shown in Tables 1 and 2, and Figure I. The agreement
between the two methods is shown to be satisfactory bj
comparison of the mean values and the ranges of zinc content
found in the different layers examined. In general, the
spread of values is slightly greater for samples analysed
by the instrumental method but this is not unexpected since
more samples were analysed by this method.

It can be seen from the results that an occasional
unusually high zinc value is found in some samples using
either method of analysis. It is observed that many of
these high values correspond with rather small enamel
specimens. The high value may be obtained by analysing a
section of surface enamel relatively richer in zinc than
the more deeply cut sections. To examine this suggestion,
very thin vertical sections of enamel from different levels
in the enamel are analysed and the results shown in
Table 3.

The pattern of these results shows a definite fall in
the enamel zinc level from the outer surface inward. They
do not show the very high ievels in the outermost layers
which may be expected. It should be noted, however, that
the zinc levels.of this tooth are lower than in some other
teeth examined.

The elevated values in the outer sections of enamel
require some other explanatioh such as uptake of zinc from
either amalgam fillings or zinc oxide cements. Enamel

sections from teeth adjacent to teeth containing amalgam
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Table 1

without chemical separation

Sample Description

Layer Description

Age Occlusal Middle Gingival
Sex JES: Hooth Outer Inner Outer Inner
1 M 24 /8 775 1070 303 1550 352
2 F 24 /8 495 %62 387 925 425
3 M 22 8/ 406 681 267 975 584
4 M 32 8/ 359 725 344 626 440
5 M 27 /8 384 774 214 238 247
6 M 18 /8 546 21% 251 421 251
7 F 231 8/ 530 711 196 ouh 155
8 M 21 /8 762 245 163 392 58
9 F 25 /8 551 496 197 564 201
10 F 27 8/ 476 201 226 217 267
1M1 F 21 8/ 820 287 149 866 151
12 F 21 /8 177 358 167 294 159
13 F 24 /8 385 309 309 471 216
14 F 29 8/ 407 339 180 332 210
15 M 23 8/ 352 429 206 4uA 246
16 M 32 3/ 322 263 208 493 145
17 M 32 /3 310 44 192 432 192
18 M 17 8/ 511 492 164 455 206
19 N 17 8/ 364 291 207 273 182
20 F 22 /8 344 463 183 387 234
Mean 46% 468 - 226 519 246
Renges o Gk 3 Gsko Zes
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Table 2

Enamel zinc content (ppm).
Results from analysis with chemical separation

Sample Description Layer Description
Occlusal Iiddle Gingival
Sex ?%: Tooth

Outer Inner Outer Inner

A F 25 /8 327 504 165 655 187
B F 29 /8 437 566 125 328 192
c F 18 /8 371 302 248 580 366
D F 29 /8 419 - - 479 322
E F 27 /8 271 520 182 289 110
F M 15 8/ 362 - - 471 131
G F 27 /8 - 336 231 992 379
Mean 2365 446 190 542 244
271- 302- 125- 289-  110-
Ranges 437 566 248 992 379
Table 3
Thin section analysis from a single tooth
Layer Thickness Weight (mg.) Zinc content
Description (mm. ) (ppm)
Outer 0.060 0.72 , 202
Outer 0.060 ' 0.70 219
Outer 0.052 0.66 ou2
Middle 0.075 1.16 131
Inner 0.060 0.78 113
Inner 0.082 4.02 125

Inner 0.067 0.97 59
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fillings were examined. No significantly high values were

found in these teeth to support this hypothesis.

Discussion

The results of the present study show that the concen-
trations of zinc are greater in the outermost layers of
enamel than in the inner layers. It would appear that a
certain amount of zinc is incorporated in the developing
enamel and that there may be an increased deposition after
eruption. Brudevold et al. (1963) have shown that hydroxy-
apatite rapidly acquires zinc. Migration of zinc ions may
take place from amalgam fillings similar to those of mercury
(Nixon and Smith, 1965) but this has not been supported by
our findings. Zinc forms complexes readily with plasma
proteins and Rubini (1961) has shown with isotope studies
that intravenously administered Zn65 concentrates in the
liver, pancreas and spleen and this may be transferred to

the skeleton where it is firmly fixed.
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TRACE ELEMENTS IN HUMAN TOOTH ENAMEL

The importance of the trace elements in the prevention
and reduction of dental caries has not yet been fully
established. There are many indications that trace elements
do play an important part in caries-resistance. The most
notable trace element is of course fluorine. Molybdenum,
vanadium, manganese and boron are said to possess anti-
cariogenic properties.

While it is considered that the composition of the
tooth is not the only factor in the carious process it may
play a more significant part than has hitherto been
believed. An obvious approach to the problem is to deter-
mine variations in the composition of caries-free and
caries~prone teeth. This approach is not as straight
forward as it would appear. Difficulties arise such as in
deciding which teeth are caries-free and which are caries-
prone. Despite these problems the composition of the teeth
is one of the important factors under investigation at
present. Analyses of successive layers of enamel have
shown that the chemistry of the surface enamel differs from
that of the underlying layers. Special attention is given
to the surface enamel since it is the site of the initial
attack by caries and also as it appears more resistant to
the carious process than the deeper layers of enamel. The
trace elements which are of greatest interest in considering
the mechanism of dental caries are those which increase the

resistance of the enamel surface.

Many méthods have been employed to determine the level
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of over twenty elements in teetn. In general, there is
good agreement between the results obtained by activation
analysis and other methods. One of the difficulties in
previous methods of analysis has been in obtaining sufficient
quality of sample. As the distribution of many elements
varies throughout teeth and even within the enamel of an
individual tooth, results may vary according to the method
by which the samples are taken. Where pooled total enamel
samples from different teeth have been taken an average
concentration of the elements will be obtained. Where
pooled samples of enamel layers have been used average
variations between layers will be obtained.

The general advantages of activation analysis tech-
niques in relation to this study may be considered as
follows:

(a) Specificity and certainty of identity.

The identity of the element detected can be confirmed
by decay or ¥ -spectra studies. This provides a check
against the interference by another element in the measure-
ment. Once the technique has been established there 1is
seldom any difficulty with interferences.

(b) Freedom from reagent contamination.

(¢) The avoidance of micro-separations.

(4) The analysis of up to fifty samples can be
carried out in a single day (apart from sample preparation
and irradiation).

(e) High sensitivity.
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Results

The results are summarised in Table 1 and in Figure 1.
The methods employed for analysis of these elements are
shown in Table 2. The results show that non-essential
trace elements (Sb, Hg, As) have a skew distribution and
essential elements (Cu, Mn, Zn), a normal distribution.

It should be noted that for conveﬁience the figures all

have a logarithmic base and as such should all have a normal
distribution. However, those with narrow distribution
ranges give normal distributions on a linear base while
those with wide ranges give skew distributions on a linear
scale.

In the enamel analysis copper is only a fair fit for
this observation but with other tissues it is a much better
fit [9]. This may indicate that copper is present in
enamel in amounts which are not adjusted by the normal body
copper level control mechanism. The other elements all

seem to fit into their proper patterns without deviation.

Antimony

Antimony appears to be present in teeth as in other
body tissues as a non-essential trace elemeht where 1its
presence depends upon the absorption of antimony into the
body from the diet or the atmosphere. The mean level of
antimony found was 0.04 ppm. and the range 0.005-0.67 ppm.
No difference was found between the antimony content of

the surface and the deeper layers of enamel.
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Table 2
Analytical Methods Used

Neutron flux

Element Reference ussd Remarks
(n/cm2/sec.)
. Howie,. 40 Adequate sen-
Antimony Molokhia & 10 sitivity
Smith [1]
Arsenic Smith [2] 1012 Adequate sen-
sitivity
Livingston,
. Smith & 12 Inadequate
Cadmium Stojanovic 10 sensitivity
£zl
Nixon & 12 Adequate sen-
Copper Smith [4] 10 sitivity
Adequate sen-
. 12 sitivity. A mod-
Manganese  Smith [5] 10 ified separation
was used.
Mercury Smith [6] 1012 égg%&ig; sen=
Low sensitivity.
Livineston 12 A flux of 1014
Molybdenum Sl'%h ?7] 10 was used but gave
ml very high general
radiation.
Livingston 12 Inadequate sen-
Vanadium & Smith 10 sitivity
[81
Livingston,
Zin Smith & 1012 Adequate sen-
¢ Stojanovic sitivity
[3]
Argenic

The level of arsenic was similar to that of antimony

and lay within the range of 0.051-0.145_ppm. giving a mean

value of 0.060 ppm.
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Cadmium

Little cadmium activity could be found in any of the
samples. It was estimated that the amount of cadmium in
teeth must be less than 0.03 ppm. As sample sizes nec-
essary to obtain activity included all available enamel

from one tooth this investigation was not continued.

Copper

Slight variations were observed between the surface
or outer enamel layer and the inner enamel layer, but the
difference is so small as to have no significance. The
mean of the outer enamel layer was 9.5 ppm. and that of

the inner enamel layer was 11.3 ppm.

Mercury

A mean value of 2.79 ppm. was obtained for the outer
enamel layer and 2,34 ppm. for the inner enamel. In
teeth which had not erupted into the oral cavity the
mercury content of the enamel was of the order of 0.1 ppm.
The enamel of teeth in contact with silver amalgam fillings

had mercury contents ranging from 152-1600 ppm.

Molybdenum

Measurements of molybdenum were just within the limits
of detection when 100-600 mg. of enamel sample were used.
This amount approaches all the available enamel from one
tooth and it was not considered worthwhile to continue with
this investigation. Further investigations are being
carried out using a neutron flux of 1014;n/cm2/sec. which

require smaller samples in the region of 10-25 mg. These,
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however, have the disadvantages of a relatively high matrix

activity.

Vanadium

No evidence of vanadium was found in over twenty
analyses of enamel varying in amount from 100-500 mg. It
was concluded that the level in enamel must be leés than

C.01 ppm.

Manganese

The manganese content of occlusal enamel ranged from
0.45-1.98 ppm. In the middle layer the outer enamel was
0.66-2.01 ppm., while the inner enamel was 0.34-0.79 ppmn.

In the gingival layer, the outer enamel was 0.3%5-1.34 ppm.
and the inner enamel 0.30-0.76 ppm.

The concentration of manganese is greater in the outer
layer of enamel than on the inner. Manganese is deposited
in enamel during calcification which would account for the
uniformity of concentration in the inner enamel layer.

There may be a post-eruptive gain in manganese from food

and other external sources.

Zinc

The results of the analysis show that the zinc content
of the outer enamel layer ranged from 213-1550 ppm. while
that of the inner enamel was from 58-387 ppm. The pattern
of the results shows a definite fall in the enamel zinc
levels from the outer surface inward. It would appear that
a certain amount of zinc is incorporated in the developing

enamel and that there may be an increased deposition after



- 130 -

eruption. It has been shown that the hydroxyapatite of

enamel rapidly acquires zinc.

Discussion

Of the elements determined only manganese and zinc
were found to occur in higher concentrations in the outer
enamel layers. Other elements which have been shown to
occur in greater amounts in the outer enamel are fluorine,
lead, iron, silver, silicon and tin [10]. In the same
work it was found that sodium, manganese and carbonate
follow the reverse pattern, i.e. a higher element concen-
tration in the inner enamel.

The zinc and manganese content of inner enamel samples
shows less variation than the outer enamel layer. When
unerupted teeth were used the same pattern was Qbserved
indicating that the higher outer enamel levels are not only
formed post—operatiﬁely. It has been shown that outer
enamel fluorine content increases post-eruptively with age
and dietary fluoride intake while the inner enamel remains
unchanged. A similar situation has been shown to exist for
zinc with respect to age increases of outer enamel zinc
levels [10]. The presence of either zinc or fluorine has
been shown to increase the resistance of hydroxyapatite of
enamel to acid solution. It may be that zinc is as

important as fluorine in increasing the caries resistance

of enamel.

The wide range of values found in outer enamel samples
may involve a post-eruptive gain from external sources as

has been shown in several studies [11]1, [121, [131.
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Using activation analysis techniques it has been
possible to establish concentrations of many trace elements
in human enamel in a single sound tooth. The great value
in the methods has been the degree of sensitivity and the
use of small samples. The initial carious lesion involves
only a small area of surface enamel and is characterised
by the production of a white spot on the enamel surface
indicating a surface change involving the mineral fraction.
Analyses are being carried out at present to determine
changes in mineral content of this area using the techniques

previously described.
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PHYSICAL IMETHODS IN DENTISTRY

Te Introduction

Dentistry like other biological sciences has become
increasingly dependent on the employment of physical
methods both in research and in the clinical application
of new ideas and developments. Current dental research
programmes are now reguiring greater inter-disciplinary
co-operation between the dental research worker and the
specialist in other fields.

The environment of the tooth in the mouth is an
unusual one of hard tissues surrounded by a fluid medium
of heterogeneous composition. This fluid is composed of
the secretions of the major and minor salivary glands
together with the the secretion of the fluid from the soft
tissues which surround the teeth. The crown of the tooth
is covered with enamel which is almost totally inorgarnic
in composition but which is permeable to fluids passing
from the pulpal circulation to the oral fluids and vice
versa. The specific relationship between the fluid envir-
onment which surrounds the tooth and the hard tissues has

not been clearly established.

2. Dental caries

Dental caries, which remains a major disease of
civilized communities, has been the subject of many
investigations from the early days of dentistry. The
aetiology and mode of action of the carious process on the

hard dental tissues, enamel dentine and cementum, have been
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widely studied. An extensive survey of the literature on
dental caries has been carried out and published by Brislin
and Cox (1964). Investigations have covered a wide field
of scientific disciplines each of which has contributed
much specialized knowledge to this basic problem. Factors
such as age, composition, diet, saliva and heredity have
been studied in great detail.

The composition of a tooth may be a more important
factor than has hitherto been believed. An approach to
the problem is to determine variations which may exist
between teeth which resist caries and those teeth which
are attacked readily. Difficulties arise, however, in
deciding which teeth are caries prone and which are caries
resistant. Caries resistance is a relative condition.
Teeth may be free from caries not because they are par-
ticularly resistant but because they may have been spared
the attack by caries. They may also become carious under
different environmental conditions. Some tooth structures
may be more resistant than others and the resistance of some
components may be altered by the chemical environment of

a carious lesion.

2.1 Studies in tooth composition

Earlier studies of the composition of teeth have
indicated that differences of composition of teeth do occur
between the outermost surface layers of enamel and the
deeper layers. The importance of the outermost enamel layer

lies in the fact that this is the first site of attack by

caries.







































































































































