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Lead levels determined in Swedish
permanent teeth by particle-induced X-ray
emission
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MOLLER B, CARLSSON L-E, JOHANSSON GI, MALMQVIST KG, HAMMARSTROM
L, BERLIN M. Lead levels determined in Swedish permanent teeth by particle-induced
X-ray emission. Scand j work environ health 8 (1982) 267—272. The determination of lead in
permanent teeth is a useful measure of past exposure in early childhoold since these teeth
are mineralized in early childhood. Particle-induced X-ray emission (PIXE) analysis has
been shown to be a method with good applicability for the contamination-free analysis of
elements heavier than calcium in dental hard tissues. The method is rapid and nonde-
structive. The purpose of this study, which used the PIXE technique, was to survey the
average level of lead in the coronal dentin of permanent bicuspid teeth collected in three
places representing Swedish urban and rural areas. In addition teeth from the New York
City area were analyzed. The material comprised 165 teeth from Sweden and, for com-
parison, 14 teeth from New York City. The median value of lead in the Swedish teeth was
2.9 ug/g, a value indicating an insignificant influence from the environment in compari-
son to the New York teeth, for which the median value was 9.2 pg/g. There was however
a statistically significant difference in the lead concentration of teeth from large and small
Swedish cities; this finding may reflect different automobile traffic intensity.
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Environmental lead pollution is a potential
health hazard. The involved dangers,
which are difficult to survey, mainly con-
cern certain susceptible groups of the
population, such as small children and
possibly other groups, the susceptibility of
which may depend on metabolic defects.
According to a report by the National Aca-
demy of Sciences (5), about 2 % of Ameri-
can children living in slum districts are
mentally retarded, presumably because of
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exposure to lead levels that are too high.
This exposure was ascribed to the use of
lead-containing paint in such areas and to
the high concentration of lead in the dust
of the streets. The former emanates mainly
from gasoline engine exhausts [for a
review see the article by Hicks (9)].

Lead is always a trace constituent of
teeth, and the amount present is both dose-
related and virtually permanent (18). Dur-
ing the preeruptive mineralization period,
lead, if present, is incorporated into the
dental hard tissues. Later, only the outer-
most enamel layer and the circumpulpal
dentin layer are influenced by occasional
exposure. Thus the measurement of lead
in teeth is a useful measure of past ex-
posure. Lead analyses of tooth material
from different parts of the world (6, 7, 11,
14, 17), as well as from different ancient
periods (3, 12), have been performed. The
highest values were found in tooth ma-
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terial from modern urban areas. Mostly,
values from whole tooth measurements
are given, and atomic absorption spectro-
photometric methods are used. However,
whole tooth measurements include parts
of the tooth such as enamel and circum-
pulpal dentin, which are influenced by
occasional changes in lead exposure. Thus,
the lead concentration cannot be related to
early childhood exposure. Recently, par-
ticle-induced X-ray emission (PIXE) anal-
ysis has been shown to be a method with
good applicability for the contamination-
free analysis of elements heavier than cal-
cium in enamel and dentin (1). The anal-
ysis is rapid and nondestructive.

The purpose of the present study was to
survey, with the PIXE technique, the aver-
age level of lead in the coronal dentin of
permanent premolars (mineralized during
the age period 1.5-6 a) from three differ-
ent places in Sweden and to determine
whether children living in large cities and
children from rural areas have different
levels of lead exposure. For comparison
teeth from New York City were also ana-
lyzed.

Material and methods

The Swedish material comprised 165 pre-
molars extracted for orthodontic reasons.
The teeth were intact except for a few with
superficial caries lesions or amalgam
restorations. They belonged to children
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Fig. 1. Position of the beamspot on a tooth half.
The total mass analyzed was approximately 0.2 mg.
(diam: diameter)
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aged 9 years 6 months to 17 years 7 months
at the time of extraction. The children had
grown up in two large cities, Stockholm
and Malmé, or in a smaller town, Jon-
koping, and its surrounding rural area.
After extraction the teeth were stored dry.
Immediately prior to analysis the teeth
were split longitudinally. Two small fur-
rows were made on the buccal and lingual
sides of the teeth, and by means of two
sharp steel wedges the teeth were split.
This method leaves the surfaces uncon-
taminated, which is necessary for accurate
analysis.

The dentin of the tooth crown, which is
formed between 1.5 and 5—6 a of age, was
analyzed. In addition, five premolars and
nine first molars from New York children
were analyzed. These children all lived in
slum areas.

The principle of the PIXE method is the
irradiation of a solid sample with energetic
protons (2—3 MeV) from an electrostatic
accelerator. The characteristic X rays in-
duced from elements heavier than alumi-
num are measured in a silicon (lithium)
detector. PIXE analysis is a multielement
method giving detection limits typically in
the range of 0.5-50 pg/g for all heavy ele-
ments in a single 5-min irradiation.

Parts of the analyses were performed at
the Niels Bohr Institute in Copenhagen,
where the teeth were irradiated with a
2-MeV beam in vacuum. The beam diam-
eter was 1.5 mm, and the X rays were
detected in a 30-mm?2 detector positioned
with an angle of 90° relative to the beam.

In the analyses performed at the 3-MV
tandem-accelerator in Lund, the teeth were
irradiated with an external proton beam in
pure nitrogen at atmospheric pressure.
The proton energy at the sample surface
was 2.55 MeV, and the induced X rays were
measured with an 80-mm?2 silicon (lithium)
detector positioned at an angle of 135° rela-
tive to the beam. When a tooth is irradiated
in a gas at atmospheric pressure, the heat
convection from the sample surface is in-
creased, and a higher beam current may
be used without the sample being dam-
aged. The detection limits are influenced
by irradiation time and the proton energy
used. The proton beam was collimated to
a diameter of 1 mm, and the coronal cir-
cumpulpal dentin was irradiated as shown
in fig 1. The teeth were mounted on a
target holder which could be translated to



two directions to enable the correct posi-
tioning of each tooth. In order that the
intensity of X rays from calcium would be
decreased, a 1.4-mm Mylar absorber was
inserted between the sample and the de-
tector. The number of protons hitting the
sample was monitored with measurements
of protons back-scattered from the exit
window (fig 2).

In this study, irradiation times of 5 to
10 min gave a detection limit for lead at
about 2.5 ug/g. Together with lead the
concentrations of calcium, iron, copper,
zinc, mercury, bromine, and strontium
were obtained simultaneously. The ele-
mental concentrations were determined
from thin target yields, fundamental para-
meters being used to calculate the effect of
proton stopping and X-ray absorption in
the sample (4).

PIXE analysis is an absolute method,
and no standard samples have to be used.
The solid angle of the detector and the
ratio of the number of protons back-scat-
tered from the exit foil to the number of
protons hitting the sample were -cali-
brated with the use of a thick silver sample
(10). The accuracy of a single element de-
termination is about 5 % with this techni-
que (4).

In the calculation of the median lead
values, a statistical technique for censored

observations was used (13). This test takes
into consideration the variation in the de-
tection limits.

Results

A total of 165 Swedish and 14 New York
teeth were analyzed. The distribution of
the lead concentrations of the teeth from
the three areas in Sweden is shown in fig 3.
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Fig 2. External beam PIXE set-up in Lund. The
proton beam is brought out from the vacuum
system of the accelerator through a thin plastic
foil. The characteristic X rays induced in the sample
are measured with an energy-dispersive silicon
(lithium) [Si (Li)] detector. (N, = nitrogen)
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‘Fig 3. The distribution of lead levels in the dentin of permanent teeth from three different areas in

Sweden. (det = detection, conc = concentration)
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For a large part of the analyses the lead
concentrations were lower than the de-
tection limits, which varied from 1.7 to
3.5 ug/g. The median values for lead in
Jonkoping, Malmo, and Stockholm were
2.1, 2.7, and 3.5 pg/g, respectively. The
p-values for statistically significant differ-
ences between the three areas are given in
table 1.

In fig 4, cumulative frequency distribu-
tions are given for the three Swedish areas.
For comparison, two results are given for
the New York teeth, one for the five pre-
molars analyzed, and one for the total New
York material (14 teeth). The lead levels of
the New York teeth (premolars: 3.2, 5.8, 6.1,
10.6, 15.3 pg/g; first molars: 3.2, 4.1, 7.3,

Table 1. p-Values of differences in median lead
levels (ug/g) between three areas of Sweden. The
median values are in parentheses.

8.0, 8.5, 15, 21, 26, 42 ug/g) ranged from 3.2
to 42 ug/g and were much higher than
those of the Swedish teeth. The median
lead value of all the New York teeth was
9.2 pg/g, a value higher than any single
value in the Swedish material.

Discussion

According to Needleman et al (15), who
studied neurophysiological effects of
childhood lead exposure, values below
10 pg/g in dentin from deciduous teeth are
considered low. We therefore considered a
detection limit for lead of about 2.5 ug/g
suitable for screening purposes. However,
that level turned out to be too high for a
detailed analysis of the Swedish material.
Though it will be more expensive and
time-consuming, a lower detection limit is
possible and can be chosen in future stud-
ies. For quantifying purposes the PIXE
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may obscure the result (1). The detection
limit for lead in dentin is relatively high for
the PIXE method. The great advantage of
the method is the rapidity of analysis (65—
10 min per irradiation) and the nondestruc-
tive nature of the method.

The coronal dentin of the first premolars
is mineralized between 1.5 and 6 a of age,
and the crown of the first molars is min-
eralized from birth to 3 a of age (8). Thus
the lead concentration found in the Swed-
ish premolars represents lead exposure
during the age period 1.5—6 a. The lead
content in the New York first molars rep-
resents lead exposure during an earlier,
but overlapping, period of childhood. In
the case of lead content in deciduous teeth
the period of lead exposure is much less
definable.

The fact that the lead level in permanent
teeth is somewhat lower than in deciduous
teeth being taken into consideration (2),
the median concentration of dentin lead in
Swedish permanent teeth (2.9 ug/g) in this
study is comparable to a corresponding
value for Icelandic deciduous teeth (16).
However, children from suburban areas in
Boston showed about three times higher
dentin lead levels, which were considered
normal and low in comparison with cor-
responding values from lead-poisoned
children (16).

The difference between Malmé and
Stockholm on the one hand and Jonko6p-
ing on the other may reflect different auto-
mobile traffic intensity. This opinion is in
contrast to what was reported from Nor-
way by Fosse & Berg Justesen (7). They
found that large cities such as Oslo and
Bergen did not exhibit higher lead levels
than smaller cities or whole counties. Of
course, at least from a theoretical point of
view, other lead sources, such as drinking
water, cannot be excluded.

In summary, the lead concentration in
Swedish permanent teeth is low and re-
flects a less-pronounced influence from
the environment in comparison to what
was found in teeth from New York. How-
ever, a difference between small and large
cities was noted.
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