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Etiology of caries in Papua New Guinea
The trace element content of urine samples and its relation to individual dental
caries experience

B. L. ADKtNS,1 D. E. BARMES,' & R. G. SCHAMSCHULA 3

Samples of urine obtained from 10 adult people in each of 10 selected villages in the
Sepik district ofNew Guinea were analysed to determine the levels of 19 elements thought
to be ofpossible relevance to the prevalence of dental caries, judged by the results ofpre-
vious research. Subjects with dental caries experience could be distinguished from those
who are caries-free on the basis of the content of urine samples, as evidenced by the
calculation of a statistically significant discriminant function. The elements most likely
to be meaningful in relation to such discrimination are molybdenum, magnesium, copper,
lead, phosphorus, strontium, and possibly zirconium and potassium. The concentrations
ofmagnesium andphosphorus were significantly correlated with a number ofother elements
in the samples. Fluorine appears to have a considerable bearing on the output ofmagnesium,
phosphorus, strontium, zinc, and calcium, the first four of which were named above as
being major determinants in the discriminant function.

An earlier report (2) has set down the results of
the statistical analysis of data on the mineral content
of soil, food, and water samples taken from selected
villages in the Sepik District of New Guinea. During
1969, funds were provided by the World Health
Organization for the purpose of extending the re-
search to cover the etiology of dental caries. Specifi-
cally, it was required that chemical or spectro-
graphic determinations be made on approximately
ten urine samples taken from each of ten Sepik
villages. The elements of interest were those whose
possible relevance had been indicated in the earlier
report.

The aims of this investigation were to examine
the differences in concentration of the various ele-
ments in samples from adults in various village com-
munities, to explore the possibility that there may
be a pattern of variation differentiating people who
have experienced dental caries attack from those
who are caries-free, and to attempt to define relation-
ships between the mineral content of the samples
and that of soil, food, and water from the villages.
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SAMPLE SPECIFICATION

The basic plan was to obtain for chemical or
spectrographic analysis ten urine samples from adults
in each of ten Sepik villages that would constitute
a cross-section, with respect to dental caries preva-
lence, of all villages examined in the course of the
research reported earlier (2). The villages chosen,
together with the sample numbers requested, are
indicated in Table 1.
The figures shown in Table 1 were suggested as

a guide to the dentist who was appointed to perform
the dental examinations and to collect the samples.
Village people in this district do have a permanent
home but travel about for various reasons such as
work in another area and marketing. The investigator
was advised to use his discretion if the suggested
numbers were difficult to obtain in practice. In all
cases, a record was made of the name of the village,
the individual's sex, and his caries experience.

CHEMICAL ANALYSES AND
FIELD ORGANIZATION

The Australian Mineral Development Labora-
tories, Adelaide, had performed the chemical and
spectrographic analyses on samples of soil, food,
and water in the previous phase of this work.
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Table 1. Sampling schedule for Sepik villages

Number of
Caries-free Adults with Percentag adults to be

Village examined caries in of caries- examine
inex965 1965 free adults

Caries- With
free caries

Magendo 67 0 100 10 0

Sapalu 27 0 100 10 0

Branda 42 2 96 10 0

Akuran 50 8 88 10 0

Sipi Sipi 13 10 57 5 5

Agrumara 18 11 62 5 5

Mundamba 8 9 47 5 5

Giring 6 11 27 3 7

Kaimba 7 21 25 3 7

Mongol 12 27 31 3 7

Accordingly, in the interests of uniformity, these
laboratories were again engaged to undertake the
analytical work required.

Because of their possible relevance, suspected as

a result of previous research, estimation of the con-

centrations of the following 19 elements was thought
to be desirable: calcium, magnesium, potassium,
barium, strontium, lithium, manganese, lead, molyb-
denum, zinc, nickel, vanadium, zirconium, beryllium,
boron, selenium, fluorine, copper, and phosphorus.
From their previous experience with work of this

type, the Australian Mineral Development Labora-
tories suggested that the samples collected should
be taken over a continuous 24-h period if possible.
An analyst from these laboratories travelled to
Port Moresby at the time of collection of the samples
so that they could be treated as they arrived from
the villages. This treatment served to arrest the
normal decomposition process and rendered the
samples fit to be transported to Australia at a later
date for detailed analysis.

CONCENTRATION OF 14 ELEMENTS
IN URINE SAMPLES

Table 2 sets out the mean volume of samples
obtained and the mean amount, in mg or ,tg per
24-h sample (mean mass rate) of 14 elements for
each village. Five elements named above (lithium,
manganese, nickel, zirconium, and beryllium) have
been omitted because they were not detectable or

Table 2. Average volume and mean mass rate of 14 elements (mg or ,tg per 24-h urine sample) for 10 subjects
from each village

Village

Sipi Sipi Giring Mun- Branda Akuran Sapalu Agrumara Kaimba Mongol Magendodamba

Volume of urine
(ml per 24 h) 1 028 985 839 1 059 1 159 1 062 497 899 470 553

ElementF(,ng) 505 468 410 317 297 183 217 540 287 318

Se (sg) 13.9 4.9 2.7 2.1 1.1 2.4 2.6 3.6 1.6 1.1

K (mg) 1 533 1 243 1 321 1 745 3 001 1 061 884 1 282 747 317

Ca (mg) 49.4 56.5 27.7 53.1 49.1 66.0 32.4 61.8 44.3 38.1

Mg (mg) 39.3 39.6 47.6 43.6 30.4 33.2 46.8 58.6 51.1 24.6

Sr (ug) 164 173 116 204 132 205 94 182 116 81

B (Ag) 654 762 630 931 982 702 245 386 521 292

Zn (ug) 194 259 123 122 160 70 78 418 204 53

Ba (,g) 82 55 58 84 62 128 59 67 53 55

V (MA) 1.3 2.4 2.1 2.0 1.3 1.8 1.2 1.8 1.0 2.2

Cu (Og) 33 64 28 31 47 55 25 48 26 26

P (mg) 466 181 159 233 177 111 156 474 189 83

Mo0 (g) 11 10 11 7 7 10 6 20 5 4

Pb (g) 7 95 7 39 22 30 6 12 5 9
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Table 3. Average volume and mass concentration of 14 elements (mg or ,g per litre) for 10 subjects from each
village

Village

Sipi Sipi Giring dMunba Branda Akuran Sapalu Agrumara Kaimba Mongol Magendo

Volume of urine
(ml per 24 h) 1 028 985 839 1 059 1 159 1 062 497 899 470 553

Element
F (pg) 502 471 542 311 256 172 394 537 582 548

Se (iug) 13.6 4.8 3.8 2.0 0.9 2.2 5.7 3.7 3.8 2.3

K (mg) 1 481 1 222 1 568 1 668 2 602 1 008 1 800 1 506 1 677 514

Ca (mg) 50 57 32 53 42 61 65 72 81 68

Mg (mg) 39 39 61 42 26 31 105 65 122 45

Sr (g) 164 174 146 195 114 186 200 202 237 151

B (gg) 631 749 739 880 852 646 446 442 1 263 513

Zn (lAg) 192 256 172 120 141 64 186 459 489 99

Ba (zg) 82 57 85 78 53 117 142 80 133 118

V (zg) 1.3 2.4 2.6 2.0 1.1 1.8 2.9 2.7 2.6 4.6

Cu(Og) 32 64 41 30 41 51 65 54 66 56

P (mg) 458 181 219 222 155 104 319 504 458 140

Mo (Agg) 11 11 14 6 6 10 14 24 13 9

Pb (gg) 6 102 10 38 19 27 15 13 13 17

because their levels were constant in all villages.
The investigator commented in his report on the
field operation that he experienced a considerable
lack of cooperation from the people in certain vil-
lages. From the average volumes quoted in Table 2 it
seems unlikely that a full 24-h sample was collected
in Agrumara, Mongol, and Magendo; Table 3, ex-
pressing the mass concentration of each element in
mg or ug per litre, has therefore been prepared.
There are some remarkable variations in these

sets of results, the implications of which are exam-
ined below under 'Discussion'. For example, the
mass concentration of selenium in samples from
Sipi Sipi is relatively high (13.6 ug/litre) while that
in Akuran is low (0.93 ug/litre). It must be realized
that the results shown in Tables 2 and 3 are the
averages of approximately 10 observations per vil-
lage and therefore do not indicate the variation
between subjects within a village. Furthermore, the
results in Table 3 cannot be obtained from those
given in Table 2, since the conversion to the mass
concentration has been carried out for each subject
and the average of these values has been calculated.
The villages were in fact compared, using an

analysis of variance. Ten results were not necessarily

used for every village, as certain sets of results
were not considered, for the most part because the
analytical chemist had observed that the samples
appeared to be contaminated. In all, the results for
85 subjects distributed over the 10 villages were
used. The variance ratio calculated as part of the
analysis of variance was based on 9 degrees of free-
dom for variation between villages and 75 degrees
of freedom for variation within villages. The out-
come of such analyses was identical whether based
on the mass of the element in the total sample
(i.e., the mean mass rate) or on mass concentration
(per litre), with one exception. There was a signifi-
cant (p <0.05) difference between villages in the
level of strontium when the analysis was based on
the total volume figures, which was not evident
when the analysis was based on the mass concen-
tration. Values of the variance ratio that exceeded
the 1% point of the F distribution were obtained
for selenium, potassium, magnesium, boron, zinc,
barium, phosphorus, molybdenum, and lead. These
elements are listed in Table 4 together with the value
of the variance ratio.

All the values of the F ratio shown in Table 4
in fact exceed the critical value of the F distribution
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Table 4. Elements for which significant values of the
variance ratio were obtained (p < 0.01) for com-
parisons between villages

Element Variance ratio (per litre basis)

Se 4.34

K 3.02

Mg 4.32

B 3.53

Zn 3.34

Ba 3.65

P 3.39

Mo 3.39

Pb 4.75

with p <0.005, and no other element produced stat-
istically significant results. With the proviso that
there may be substantial correlation between the
levels of these elements, it can be said that the vil-
lages differ significantly in the level of the 9 elements
listed in Table 4 with regard to urine samples. The
values of the F statistic computed from the mass
concentrations and quoted in Table 4 were in all
cases more conservative than those found on the
basis of the mean mass rate (per 24-h sample).

DISCRIMINANT ANALYSIS

Of the 85 subjects for whom urine samples were
obtained and analysed, 20 were reported to have
definite evidence of dental caries attack. They were
distributed among the villages as shown in Table 5.
It is clear from these results that the recommended
target specified in Table 1 could not be achieved in
a number of cases. Sipi Sipi and Giring are notable
in this regard as only one adult with caries could
be found in each village. However, both villages
have small populations and the difficulty experienced
was anticipated as a possibility when the original
sample prescription was written. The numbers shown
in Table 5 are those whose results were used in all
statistical analyses; cases where there was evidence
of contaminated samples have been omitted from
Table 5.
The subjects were classified on the basis of the

presence or absence of clinical evidence of dental
caries and, using only the results obtained from the
analysis of urine samples, an attempt was made to

Table 5. Numbers of adults who were caries-free
included in the sample

Village Adults with caries Caries-free adults

Magendo 0 9

Sapalu 0 6

Branda 0 7

Akuran 0 8

Sipi Sipi 1 8

Agrumara 5 5

Mundamba 4 6

Giring 1 9

Kaimba 6 3

Mongol 3 4

Total 20 65

determine a discriminant function that would distin-
guish between the two groups. The village in which
a subject lived was ignored in this analysis.
The first step was to obtain the correlation matrix

for the concentration of the 14 elements in urine
samples. The elements are those shown in Table 2.
The eigenvalues were determined and it was found
that these were not sharply decreasing in value.
Thus it appears that a strong set of principal com-
ponents does not exist for this set of data. However,
the correlation matrix had all eigenvalues sufficiently
large for a full inversion to be carried out. A factor
analysis, including a varimax factor rotation, was
carried out by Harman's method (5). The original
data matrix was transformed by the rotated factor
matrix and the transformed factor scores were input
to the multiple discriminant analysis. This approach
was adopted originally to guard against the possibil-
ity of misleading results that could arise if the ori-
ginal covariance matrix was poorly conditioned. In
fact, there were no difficulties in this regard, the
only feature requiring scrutiny being the correlation
between the concentrations of calcium and strontium.

It was found that the discriminant analysis per-
formed on the original data produced the same
ordering of the subjects on the basis of discriminant
function scores as was obtainedc using the transform-
ation resulting from the rotated factor matrix. For
relative ease of interpretation, therefore, the analysis
performed on the raw data alone is reported.
The value obtained for the Mahalanobis D2 stat-

istic was 3.59, from which the appropriate value of
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the F statistic with 14 and 70 degrees of freedom
was calculated to be 3.31. This exceeds the 0.5%
point of the F distribution and is highly significant.
Thus it is clear that discrimination between subjects
who are caries-free and those who have caries can
be effected with a considerable degree of success on
the basis of the mineral content of urine samples
from the subjects examined. When the subjects were
ranked in decreasing order based on their value of
the discriminant function, the 20 subjects who had
experienced caries attack were concentrated at the
beginning of the list. There was some overlap be-
tween the two groups. For example, of the first
11 subjects listed, one was caries-free. However,
considering the large number of sources of variation
in an investigation such as this, the results are quite
remarkable.
The problem is not to decide on the best discrimi-

nant function but to demonstrate by finding this
function that successful discrimination can be car-
ried out and then to use the information so obtained
to place the constituent variables in order of rele-
vance. There are several methods that might be
used in an attempt to attach an order of importance
to the 14 variables contributing to the value of the
discriminant function. However, there is no agreed
basis upon which to determine the most appropriate
method for any particular case. The size of the
coefficients in the discriminant function is not a
sufficient guide because of the widely differing mean
levels of the elements. The contribution of a given
element to the mean value of the discriminant func-
tion may appear to be an improvement but has the
weakness that intercorrelation between the different
elements also makes an absolute judgement on this
basis unreliable.
As a first step in investigating this problem,

Table 6 has been prepared, showing the mean mass
concentration of the various elements for the 20 sub-
jects with clinical evidence of dental caries attack
and for the 65 caries-free subjects. The table also
shows the mean mass concentrations for the most
extreme 5 subjects in the group that had experienced
caries attack, i.e. the 5 whose discriminant function
values were the most extreme. These 5 subjects have
been selected because all approaches to the analysis
placed them as the 5 most extreme cases and there
was a comparatively sharp drop in the value of the
discriminant function to the sixth subject in decreas-
ing order of magnitude.
Table 6 indicates that the output of most elements

was greater in those who had experienced caries

Table 6. Mean mass concentration of elements in
samples from subjects with caries and subjects who
were caries-free

Mass concentration of element (per litre)
Element Caries-free All adults Extreme 5 cases

adults with caries with caries

F (pg) 444 440 634

Se (zg) 4.8 3.5 4.7

K (mg) 1 417 1 778 3188

Ca (mg) 55 64 91

Mg (mg) 48 90 167

Sr (g) 164 212 343

B (g) 709 661 1013

Zn (gAg) 194 300 660

Ba (IAg) 89 110 109

V (zg) 2.2 3.1 1

Cu (gg) 43 74 115

P (mg) 245 392 728

Mo (Og) 10 19 21

Pb (gig) 31 13 8.8

attack, except in the case of lead and possibly
selenium and vanadium. In most cases, the differ-
ences are considerable and the 5 subjects who were
most extreme in their discriminant function value
were more extreme in their mean mass concentration
of most elements.
The problem of placing an order of importance

on these variables is approached by considering the
mathematical nature of the discriminant function
and posing the question: if it is required that one
variable only may be used for purposes of discrimi-
nation, which variable should be chosen? If the
value of Student's " t" for testing the significance
of the difference between the means of each variable
for the two groups of subjects is calculated, it is
clear that, in absolute value, this is a monotonic
function of the corresponding contribution to the
value of the Mahalanobis measure of distance. Thus,
the values of the " t" statistic have been calculated.
For comparison between the means for the 20 sub-
jects who had experienced caries attack and the
65 subjects who had not, the absolute values of " t ",
based on 83 degrees of freedom, are shown in
Table 7.
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Table 7. Values of Student's " t " for the comparison of
subjects with caries and subjects who were caries-free

Element - t .

F

Se

K

Ca

Mg

Sr

B

Zn

Ba

V

Cu

p

Mo

Pb

0.05

0.90

1.48

0.96

3.30

2.04

0.46

1.70

1.55

1.28

3.23

2.29

3.91

3.00

Values exceeding the 5% point of the " t " distri-
bution were obtained for molybdenum, magnesium,
copper, lead, phosphorus, and strontium. In all
cases except lead, the levels were greater in samples
from subjects who had experienced caries attack.
Because of the greater differences in level, if the
results for the extreme 5 cases were compared with
those for the caries-free subjects, statistical signifi-
cance would be established for a greater number of
elements but the order of importance based on the
absolute value of the " t" statistic would remain
virtually unchanged. Only zinc and perhaps potas-
sium assume places of greater prominence.
The value of the F statistic corresponding to the

Mahalanobis D2 has been recalculated using only
6 elements (molybdenum, magnesium, copper, lead,
phosphorus, and strontium). The F value based on

6 and 78 degrees of freedom was 3.672, which
exceeds the 0.5% point of the distribution. Thus a

highly significant level of discrimination is possible
using only the above 6 variables.
The problem of elimination of variates in linear

discrimination has been discussed by Weiner &
Dunn (12). The results of this and of another study
by one of the present authors (B.L.A.) indicate that
selection of variates on the basis of the simple " t"
values quoted in Table 7 provides a reliable guide
to the selection of variates, using the proportion of
subjects misclassified as the basis of assessment.

On this basis, the elements would be ranked as
follows: molybdenum, magnesium, copper, lead,
phosphorus, strontium, zinc, barium, potassium,
vanadium, calcium, selenium, boron, and fluorine.

INTERCORRELATION BETWEEN ELEMENTS
IN THE SAMPLES

Using the results for all 85 subjects, the product
moment correlation coefficients were calculated to
display the extent of the relationships between the
levels of elements in the urine samples. When such
an extensive number of different coefficients are
calculated, care must be exercised when a probability
is being associated with the significance of the results
obtained. There are in fact 91 different pairs of
variables involved with 14 elements.

This difficulty is approached as follows. Using the
large sample result that if the population correlation
coefficient is zero, then rVn-1 is approximately
distributed in the standard normal form where r is
the sample value of the correlation coefficient found
from n pairs of observations, the two-tailed value
of the standard normal deviate for pO0.0001 is
approximately 3.9. With 85 observations, the critical
value of r at this significance level is 0.43. It is then
argued that Pr (all 91 coefficients in absolute value
<0.43)=(0.9999)1 and =.0.996. Pr (one or more of
the 91 coefficients> 0.43)-. 0.004, where the symbol
Pr stands for probability.

Hence, values of r>0.43 should be indicative of
a true correlation between the variables concerned.
The greatest observed value of r was 0.76 in the
case of calcium and strontium. The elements for
which values of r in excess of 0.43 were obtained
are shown in Table 8. It should be understood that
a value of a correlation coefficient r=0.5 implies
that only 25% of the variability is explained by the
correlation. Thus, statistical significance alone is
not a sufficient criterion on which the relevance of
variables might be judged, although selection on
the basis of significance does remove subjectivity
from the choice. Furthermore, it should be under-
stood that the correlation coefficient measures only
the extent to which the relationship between the
variables concerned can be represented by a straight
line. If the relationship is nonlinear, the correlation
coefficient as calculated will underestimate the
strength of the relationship. Thus, with these reser-
vations, all pairs of variables for which the corre-
lation coefficient exceeded 0.43 have been listed in
Table 8.
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Table 8. Elements in urine samples for which stat-
istically significant correlation coefficients were found

Element Correlated elements

F Mg,Zn, P

Se p

K B

Ca Mg, Sr

Mg Sr, Zn, P, Ca, F

Sr Ca, Mg

B K

Zn P, Mo, Mg

Ba Cu

P Mo, Se, Mg, Zn

Mo Zn, P

Cu Ba

One point concerning these results merits expla-
nation. It may be asked: why is it that magnesium
and calcium, for example, are significantly cor-
related and yet, while magnesium plays a prominent
role as disclosed by the discriminant analysis, cal-
cium does not? The explanation is that the value
for r=0.57 obtained in the case of calcium and
magnesium implies that r2= 0.32, or 32% of the
variation in calcium levels can be explained by cor-
responding variation in the levels of magnesium.
Thus, the results in Table 8 should be interpreted
as implying that correlated elements tend to occur
together. In this regard it is notable that a number
of other elements tend to follow the same trend as
magnesium and phosphorus. The two elements omit-
ted from Table 8 are lead and vanadium, whose
behaviour appears to be independent of that of
other elements. All the correlation coefficients for
the elements listed in Table 8 were positive in sign,
implying that an increase in the level of one is
generally associated with an increase in the other.

CORRELATION BETWEEN THE LEVELS OF ELEMENTS
IN URINE ANID ELEMENTS IN SOIL AND FOOD

Table 9 shows the elements for which the cor-
relation coefficients, relating the levels in soil, sago,
and sweet potato with the level in urine samples,
exceeded the p=0.05 significance level. The data on
the content of soil and food are those published by

Barmes et al. (2). This information is available
only on a village basis, so that the results for a
given village have been applied to all members of
that village whether they had experienced caries or
not. This implies that for each of the 10 villages
from which urine samples were obtained, there is
only one result for the level of each element in soil
and food and one average result for the urine
samples. This exercise, though broadly based, has
produced some interesting results.

Table 9 shows the elements and the values of the
correlation coefficients for which r>0.63. Perhaps
the most outstanding result has been obtained in
the case of fluorine. Throughout the previously
reported analysis (2), no inference could be made
with regard to a role for fluorine. In the current
analysis, it has been the least irppressive of the
14 elements in urine samples ic discriminating be-
tween subjects with caries and those who are caries-
free. However, it can be seen from Table 9 that the
level of fluorine in the soil and food is significantly
correlated with the amount of a number of other
elements in urine. Thus fluorine in soil may signifi-
cantly influence the output of magnesium, phos-
phorus, strontium, zinc, and calcium; fluorine in
sago may influence the output of strontium, zinc,
and calcium; and fluorine in sweet potato may
influence the output of phosphorus. No other ele-
ment appears in Table 8 with comparable frequency
and the results for fluorine are too consistent to be
ignored. It should be noted that all the elements
mentioned above as being influenced by the level
of fluorine in the environment (magnesium, phos-
phorus, strontium, and zinc) occupied a place of
prominence in the outcome of the discriminant
analysis. Negative correlation coefficients occur in
the following cases: fluorine in sago with strontium
in urine, selenium in soil with molybdenum and
phosphorus in urine, magnesium in soil with potas-
sium in urine, zinc in sago with copper in urine,
and lead in soil with fluorine in urine. All other
correlation coefficients are positive.

DISCUSSION

Previously demonstrated associations between the
prevalence of dental caries and the level of certain
minerals and trace elements in soil and staple foods
(1, 2) suggested a possible interdependence of these
factors. It was reasoned that, if the associations
were real ones, the means of bringing them about
could operate either through metabolism or through
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Table 9. Statistically significant
urine to levels in soil and food

correlation coefficients relating levels of elements in

Element Correlation coefficients
in

urine Soil Sago Sweet potato

Mo Se(- 0.64), K(0.77) Ca(0.76)

Mg F(0.76) Zn(0.77)

Cu Sr(0.66), Zn(- 0.67)

Pb Sr(0.82) Se(0.78)

P F(0.65), Se(- 0.68) F(0.63)

Sr F(0.85) F(- 0.63)

Zn F(O.70) F(O.81), B(O.72)

K Mg(- 0.76), V(0.75), Mo(0.68)
Cu (0.70)

Ca F(O.68) F(0.78), Sr(0.66), P(0.69)

Se B(0.96), Ba(0.80) Cu(0.87) K(0.75)

B V(0.67)

Ba P(0.73) Zn (0.72)

V Mg(0.83), P(0.84) Ca(0.72), Mg(0.72),
Cu(0.81)

F Pb(- 0.67) B(0.72) B(0.81)

a local effect and the former possibility was con-
sidered more likely. The work described in the pres-
ent paper was performed as a first step in attempting
to confirm the existence of this suspected inter-
dependence and examining its nature in the context
of human metabolism.

Because of limitations associated with either the
collection or the analysis of other biological materials,
the level of 14 elements implicated in previous stud-
ies in a 24-h urine sample was chosen as a metabolic
indicator.
A 24-h specimen provides a better approximation

of the average rate of excretion than a single sample,
which is subject to diurnal variations known to
exist in the excretion of many substances. It is also
known, however, that day-to-day and longer-term
variations occur in the output of at least some of
the elements studied, as has been demonstrated in
respect of copper excretion (7). Furthermore, al-
though intake is one of the factors influencing the
output of substances in urine, the output is also
influenced by skeletal weight, endocrine metabolism,
age, disease, meals, exertion, and starvation. Both
the absorption and the retention of an element may
be affected to a greater or lesser degree by the

intake of other elements or compounds. Of these
factors, age was the only one where it was possible
to achieve uniformity.

Present knowledge is insufficient to evaluate the
relationship between the intake and excretion of
each of the elements in question. It is known, how-
ever, that as a rule not all the ingested quantity is
absorbed but some and often most of it is excreted
in the faeces. Of what is absorbed, a proportion
may be stored and the rest is excreted or lost over
variable periods of time in the urine, faeces, sweat,
saliva, hair, nails, or skin (by desquamation). Thus,
while urine appears to be a major route of excretion
for molybdenum in man (8, 10), its actual output
is dramatically increased by increased sulfate, tung-
state, or protein intake and a negative molybdenum
balance is possible. Urine may also be the major
excretory pathway for fluoride and selenate (9),
for which it has been reported that a range of
59-64% of the dietary contents appear in urine.
In contrast, zinc is excreted mainly in the pancreatic
juice and only 1-2% of zinc ingested in the " nor-
mal " diet appears in the urine. The urinary excretion
shows little relationship to changing zinc levels in
the diet and is not appreciably increased in a healthy
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person even by zinc injection (11). It has been found
that, of 0.6-1.6 mg of copper absorbed per day by
the adult man, 0.5-1.3 mg is excreted in the bile
and only 0.01-0.06 mg in the urine (4). It has also
been concluded that most of the dietary strontium
intake appears in the faeces (10, 3). Ratios of lead
excreted in the faeces and in urine were found to
be approximately 10: 1 (7).
No evidence was found (for any of the elements

considered) that urinary output reflects a constant
proportion of intake or absorbed quantity of the
same element in man. Because of this, it is not pos-
sible to extrapolate the concentrations found in
urine to the level of intake; at the same time, there
can be no doubt that the intake of some form
must ultimately be responsible for their presence in
urine.
The populations studied live in remote areas of

New Guinea that are free of industrial pollution
and where few of the products of modem technology
are found. Most of the food consumed is grown or
obtained locally and cooked foods are prepared in
traditional ways without modern utensils, commonly
over wood fires. It is therefore very likely that the
minerals found in urine originate from the food or
from soil adhering to it during preparation, rather
than from contamination during processing or from
water pipes, containers, and cooking utensils, as is
often the case in industrialized communities.
The mean levels of the 14 elements in the urine

were all within reported physiological limits. The
associations found were consistently demonstrated
whatever the type of statistical scrutiny applied and
were also consistent with and showed similar trends
to previously reported associations between varia-
tions in the concentration of the same elements in
soils and staple foods and caries prevalence.
The above discussion indicates that results ob-

tained from analyses of 24-h urine samples cannot
be regarded as an index of intake or metabolic
turnover of minerals. Yet, unexpectedly, the findings
support the hypothesis that some fundamental con-
nexion, manifest in urinary output, exists between
the soil and food content of these elements and
caries prevalence. Although the nature of this con-
nexion is admittedly obscure, the consistency with
previous findings stresses the need to shed light on
that obscurity, preferably by means of detailed inves-
tigations of the oral environment.
The authors are conscious of the fact that the

statistical techniques used are based on the assump-
tion that the observations follow a normal distri-

bution. Before analysis was commenced, the original
data were examined to see if there was any indication
of departure from normality; none was detected by
standard procedures. Nevertheless, the early analy-
ses were duplicated using the square-root transform-
ation, with no deviation from the findings reported.
Bearing in mind the outcome of theoretical investi-
gations on the robustness of test criteria and in par-
ticular that the analysis of variance tests together
with subsequent use of the " t" distribution are
quite insensitive to departures from the assumptions
on which they are based, the authors are confident
that the procedures used have led to valid conclu-
sions. Furthermore, the samples are of sufficient
size that the central limit theorem may be invoked
and this is reinforced by the fact that values cal-
culated from a discriminant function are a conse-
quence of computations carried out using a linear
function of many variables.

SUMMARY AN:D CONCLUSIONS

Samples of urine obtained from 10 adult people
in each of 10 selected villages in the Sepik district
of New Guinea were analysed to determine the levels
of 19 elements thought to be of possible relevance
to the prevalence of dental caries, judged by the
results of previous research. The data obtained, to-
gether with the results of dental examinations on the
people selected for the study and previous data on
the constitution of soil and food samples with
respect to the same 19 elements, form the basic
information assessed in this paper.
There was a wide variation between people as

regards the levels of elements in urine samples and
the village communities differed significantly with
respect to certain of these elements. Subjects with
dental caries experience could be distinguished
from those who are caries-free on the basis of the
content of urine samples, as evidenced by the calcu-
lation of a statistically significant discriminant func-
tion. The elements most likely to be meaningful in
relation to such discrimination are molybdenum,
magnesium, copper, lead, phosphorus, strontium,
and possibly zirconium and potassium. The concen-
trations of magnesium and phosphorus were signifi-
cantly correlated with a number of other elements
in the samples.

Perhaps the most important finding was that
fluorine, although not shown to be relevant in the
Sepik villages to the distinction between subjects
with caries and those who are caries-free, whether
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judged on the basis of the content of soil, food,
or urine samples, appears to have a considerable
bearing on the output of magnesium, phosphorus,

strontium, zinc, and calcium, the first four of which
were named above as being major determinants in
the discriminant function.
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RXSUMMt

ETIOLOGIE DE LA CARIE EN PAPUA-NOUVELLE-GUINEE: LA TENEUR D'ECHANTILLONS D'URINE
EN OLIGO-ELEMENTS ET SES RAPPORTS AVEC LES ANTtCEDENTS INDIVIDUELS DE CARIE DENTAIRE

On a recueilli des echantillons d'urine aupres de 10
habitants adultes dans chacun de 10 villages du district
de Sepik, en Nouvelle-Guinee. Ces 6chantillons ont dte
analyses en vue de determiner leur teneur en 19 elements
consideres, sur la base des resultats de recherches ante-
rieures, comme jouant eventuellement un r6le dans l'ap-
parition de la carie dentaire. Les donnees obtenues, ainsi
que les rdsultats des examens dentaires pratiques chez
les sujets etudies et des informations relatives a la concen-
tration des memes elements dans le sol et les aliments,
font l'objet du present article.
On a constat6 d'importantes variations individuelles

de la teneur un el6ments des echantillons d'urine et de
notables differences de village a village pour certains
d'entre eux. L'analyse statistique des concentrations
d'oligo-elements dans l'urine permet de distinguer les

sujets ayant des antecedents de carie dentaire des sujets
n'ayant pas souffert de cette affection. Les elements faci-
litant le mieux cette discrimination paraissent etre le
molybdene, le magnesium, le cuivre, le plomb, le phos-
phore, le strontium, le zinc, et peut-etre le zirconium et
le potassium. On a relev6 une correlation positive entre
les concentrations de magnesium et de phosphore et
celles de plusieurs autres e1ements.
Le fluor ne constitue pas un facteur de discrimination

entre sujets atteints et sujets indemnes de carie, qu'on
envisage sa concentration dans le sol, dans les aliments
ou dans l'urine. Mais, fait important, son role apparait
considerable dans 1'excretion urinaire du magnesium, du
phosphore, du strontium, du zinc et du calcium, les quatre
premiers de ces elements fournissant des indices majeurs
de discrimination.
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