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Extracted permanent molars, premolars or incisors were collected 
from 89 subjects aged 8 - 6 7  years living in a rural area of eastern 
Finland where large scale eochemical analyses of the soil have been 
carried out. A sample of 88teeth was anal zed for Pb, Cu, Co and Ni 
by atomic absorption spectro-photometry. The concentration of Pb in- 
creased with age in the dentin but not in the enamel. The concen- 
trations of Cu, Co and Ni remained unaltered with age. The mean 
concentrations (&g) of Cu in the dentin were 9.1, 8.6 and 7.2 when 
the mean concentrations (pg/g) in the soil were over 150,SO - 150 and 
under 50, respectively. The concentration of Cu in the enamel was not 
dependent on the content in the soil. The mean concentrations (pg/g) 
of Co and Ni were higher in the enamel (26.3 and 43.8) than in the 
dentin (13.8 and 31.4). 
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The significance of deciduous teeth as 
an indicator of past and present expo- 
sures to Pb has been studied in connec- 
tion with Pb poisoning ( I ) ,  different en- 
vironments of people (6, 10, 17, 19), as 
well as with domestic drinking water 
Pb concentrations (20). The concen- 
tration and accumulation of Pb in 
bones is complicated by the remodel- 
ling process (24). The concentration of 
Pb in the enamel of permanent teeth 
has not been found to increase with age 
and the Pb in the enamel has been 
found to be acquired prior to tooth 
eruption (3), possibly indicating early 
childhood exposure to Pb. Furthermore 
the age-related increase of Pb concen- 
tration in the dentin (5,7), especially its 

accumulation in the circumpulpal zone 
(5, 23), is well documented, but no de- 
tailed regression has been presented. 
The concentration of Pb in the entire 
dentin (root and crown) of permanent 
teeth may be suitable to reflect the ex- 
posure to Pb. 

The concentrations of Cu, Co and Ni 
in deciduous or permanent teeth have 
been demonstrated in many previous 
studies (2, 4, 7, 1 1 ,  13, 14, 15, 18, 25, 
26), but the relationship to age has been 
analyzed in young adults only by Der- 
ise & Ritchey (7). The possible corre- 
lation to the soil content has not been 
studied. The significance of Cu in bone 
metabolism and collagen crosslinking 
has been discussed by O’Dell (21). Co 
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has an important role in many enzyme 
reactions (28), and it interacts with Ni 
(9). 

The aim of the present study was to 
determine the age-related Pb concen- 
tration in the enamel and the dentin of 
permanent teeth of a population in a 
rural area where the soil Pb content is 
known, and to compare it with the con- 
centration of Pb in the teeth of an ur- 
ban population. The relationship be- 
tween the enamel and dentin concen- 
trations of Cu, Co and Ni and those of 
the soil was also studied in the rural po- 
pulation, the inhabitants having spent 
most of their lives in the same area. 

MATERIAL A N D  METHODS 
The Geochemistry Department of the 
Geological Survey of Finland had car- 
ried out the geochemical mapping of 
the soil in the area from which the teeth 
were selected. The material of the soil 
samples was mostly glacial till, derived 
from the nearby bedrock. The total 
concentrations of Cu, Pb, Co and Ni of 
the samples were analyzed by direct 
reading optical emission spectrometer 
(ARL Model 31 000 Lausanne, Swit- 
zerland). The map (Fig. I )  based on 
17 779 samples (6 samples per km2) was 
reconstructed from these data es- 
pecially for this study. The distribution 
of Pb, Co and Ni varied so little that it 
was not possible to construe different 
soil concentrations. 

The teeth from which all the analyses 
were made consisted of 89 permanent 
molars, premolars or incisors free of 
restorations and dental caries. The age 
of the donors varied from 8 to 67 years 
(Fig. 2 A). The teeth were collected 
from people who had lived most of 
their lives in the rural areas of eastern 
Fin I and. 

The concentration of Pb was also de- 
termined from 50 dentin and enamel 

Fig. I .  Geochemical map of an eastern part of 
Finland presenting three different concentration 
levels of Cu in the soil. Location of villages from 
which the teeth were collected are indicated by 
stars ( *) and four major villages by closed circle 
(0). 

samples collected from people living in 
the town of Kuopio. The teeth were 
washed with distilled water and the en- 
amel was separated from the dentin as 
described by Derise et al. (7). Enamel 
and dentin samples (500 mg) were 
dried at 105°C to constant weight, pow- 
dered and ashed with a solution of 
HCL and HNO, (2 : I ) ,  and the volume 
was adjusted to 10 ml as described by 
Lappalainen & Knuuttila (15). The 
concentrations of Pb, Cu, Co and Ni 
were measured with a Perkin-Elmer 
Atomic absorption spectrophotometer, 
Model 372 (Perkin-Elmer Corporation, 
Norwalk, Connecticut, USA) accord- 
ing to the manufacturer’s directions. 
The absorbances were registered by a 
recorder (REC 1, Pharmacia Fine 
Chemicals, Switzerland). Mean percent 
recoveries in repeated assays of the 
dentin samples were: Pb 96.0; Cu 95.2; 
Co 104.2; Ni 106.0. 

The significances were tested with 
Student’s t-test. The relationship be- 
tween age and Pb concentration was 
evaluated using unweighted linear re- 
gression analysis. The regression coef- 
ficient for Pb was determined with 95 
per cent confidence limits. 
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Fig. 2. Scattergram of concentration of Pb (pg/g) 
in  the dentin of permanent teeth versus age. The 
rural samples ( A )  came from the area presented 
in Fig. I .  The regression equation was Y = 30.8 + 0.30 x (r  = 0.58). The urban samples (2  B) 
came from the town of Kuopio. The regression 
equation was y = 32.7 + 0.58 x ( r  = 0.74). 

RESULTS 

Lead 
The concentration of Pb in the dentin 
of people living in the non-industrial- 
ized rural area, where the mean content 
of Pb in the soil was 26 pg/g increased 
3.1 pg/g per 10 years (Fig. 2 A). The 
regression coefficients with 95 per cent 
confidence limits were 0.42 and 0.20. A 
slightly greater accumulation (5.8 pg/g 
per 10 years of age) was observed in the 
industrialized urban area (town of 
Kuopio) about 200 km from the rural 
area studied (Fig. 2 B). There was, how- 
ever, no statistically significant differ- 
ence between the rates of accumu- 
lations of the two populations. The 
mean concentration (pg/g f S.D.) of 
Pb in the enamel was 64.3 k 16.1 in the 
rural sample and 56.6 f 11.0 in the ur- 
ban sample. No age-related changes 
were found in the enamel. There were 
no statistically significant differences 
between males and females with regard 

to the concentrations of Pb in dentin or 
enamel. 

Copper 
The concentration of Cu in the dentin 
and in the enamel, when its concen- 
tration (pg/g) in the soil was less than 
50, 50 - 150 or over 150, is shown in 
Table I .  The concentration was signifi- 
cantly higher (p < 0.001) in the enamel 
than in the dentin in all the three areas. 
The teeth from the area containing 
more than 150 pg/g had a significantly 
higher (p < 0.001) concentration of Cu 
in the dentin than those from the area 
containing less than 50 pg/g soil-Cu. 
No  such difference was found in the 
enamel. The concentrations of Cu were 
similar in the teeth of males and fe- 
males and there were no age-related 
changes in either the enamel or the den- 
tin. 

Nickel and coball 
The concentrations of Ni and Co in the 
dentin and the enamel are shown in 
Table 1. There were significantly higher 
concentrations (p < 0.001) of Ni and 
Co in the enamel than in the dentin. 
The mean concentrations of Ni and Co 
in the soil are also presented in Table I .  
No significant correlation between the 
concentrations of Ni and Co and the 
age of donors could be observed. 

DISCUSSION 
The age-related accumulation of Pb in 
the dentin, but not in the enamel, and 
the considerable variation of its con- 
centration in the enamel justify the use 
of dentin-Pb in assessing long-term Pb 
exposure. Earlier studies (3, 5 )  have 
shown high concentrations of Pb in the 
surface of enamel and in circumpulpal 
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Content 
in the soil 
pg/g 
20 - 50 
50 - 150 
I50 + 

mean 62.6 

dentin. A possible increase of Pb con- 
centration in the ameloblasts and the 
odontoblasts may be one reason for 
this accumulation. Besides the effect of 
Pb on the formation of organic matrix, 
it can also cause defects in lattices. Le- 
Geros & Quirolgico (16) have demon- 
strated an expansion of a-axis of apa- 
tite by Pb, possibly causing an in- 
creased solubility of apatite crystals. 
This is also supported by Brudevold et 
al. (3) who found that there was an as- 
sociation between high enamel Pb and 
high prevalence of caries. 

Earlier studies (1, 6, 10, 17, 19, 20, 
22) on deciduous teeth have shown 
some differences in Pb concentration 
due to environmental factors. The re- 
gression coefficients obtained in this 
study also indicate differences between 
rural and urban populations. A compa- 
rison of these results with earlier find- 
ings concerning whole teeth (1 5,24,29) 
is not relevant because of the effect of 
enamel Pb. The discrepancy between 
the results of different workers dealing 
with studies of Pb concentrations in 
whole permanent teeth (2, 15, 24, 29) 
may be explained by methodological 
differences. The concentrations pre- 
sented in this study agree with those of 
Derise & Ritchey (8), although it was 
not possible to compare regression 
coefficients. 

Dentin Enamel 

No. of No. of 
samples Mean k S. D. Range samples Mean k S.D. Range 

20 7.2 k 1.4 9.9 - 4.8 
26 8.6 k 2.1 14.2 - 5.0 88 12.3 k 3.8 28.5 - 5.7 
19 9.1 k 2.2 16.9 - 6.6 

89 31.4. k 4.1. 44.1 - 23.0 88 43.8 k 13.4 74.4. - 20.8 

The methodological differences, e.g. 
the use of bromoform separation of en- 
amel and dentin (25, 26), may also give 
lower concentrations of Cu (13, 14) 
compared to the concentrations found 
earlier (8, 11, 15) and those presented 
in this study. Fosse & Justesen (1 1) have 
shown geographical differences in Cu 
concentrations of deciduous teeth in 
Norway. These results indicate that the 
differences of Cu content in the soil are 
detectable in the dentin of permanent 
teeth. This may give some evidence that 
tooth-Cu reflects amount of absorption 
of this ion even if this has been doubted 
(1 1). Cu has been found to have an ef- 
fect on crystallization of apatite (1 6) 
and collagen synthesis (1 2). 

The concentration of Co was signifi- 
cantly higher in the enamel than in the 
dentin. This could be related to its role 
in the mineral phase, although by react- 
ing with thiol groups of aminoacids 
and proteins, and by having an effect 
on erythropoiesis, lipid metabolism 
and vitamin B,, (27) Co might prima- 
rily affect the organic matrix in the 
mineralization. The concentration of 
Ni was also higher in the enamel than 
in the dentin, indicating, most likely, 
the diadocia of Ni and Co, which is 
well known in mineralogy. 

Table 1. The concentrations (p/g) of Cu. Ni and Co in permanent teeth of rural population 
related to the concentration in the soil 

Trace 
element 

c u  

Ni 

Co lmean18.5.1 89 I 13.8k2.2.  122.0-10.01 88 (26.3 k 9.1 142.4-14.4 
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