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INTR 0 DUCT1 0 N 

Deciduous teeth provide useful material for tlie analysis of the minerals 
availahle to the hiiman hotly during the development of the teeth. It was 
suggested by Kalckar (1958) that this approach slioultl be used to measure 
the hotly hiirtlen of ynSr originating from radioactive contamination of the 
envirorinierit due to nuclear explosions. 

The first analyses of this kind were made in the St. Louis area, USA, on 
teeth collected from children born in 1949 - 1957 (Reiss ,  1961, Rosrnthal 
ct al., 1963). The strontium-90 concentration in tlecitluous teeth of children 
horn in 1949 was as low as 0.18 pCi/gCa, but as the result of nuclear tests in 
the 1950s the concentration increased steadily, reaching a value of 2.56 pCi/gCa 
in children horn in 1957. It. was further observed by Rosen.th.al ~t al. (1963) 
that in breast-fed children the concentration of "OSr was 25 yo lower than in 
bottle-fed children. The enamel of the incisors contained about 10 yo less 
"Sr than the dentine. I t  may he noted here that the results obtained on 
foetuses indicate that strontium-90 is evenly distributed within the calcifying 
tissues of bones and teeth (Reiss, 1961, Roscnthal et al., 1967). 

OR (= observed ratio) is a value which expresses the total discriniination 
hetween tlie dietary intake of 9uSr and the content of this radioisotope in 
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bones or teeth, as obtained from the relation pCi/gCa (diet) / pCi/gCa (bone) 
(IJNSCEAR report, 1964). For decitluous teeth the following OR valiics have 
been reported (Ro.sendial et al., 1964, 1966a) : incisors 0.59, cuspids 0.76, 
first molars 0.69 antl second molars 0.77. It may also he noted that intact 
deciduous teeth contain ahout 10- 15 :/, less HoSr than their carious co~in- 
terparts (Rosenthal rJt al., 1968). 

on tlie strontiurn-90 cormmtmtions in deciilnons leetli have lwen 
reported from other localities besides tlie St. Louis area. A sunirriary of the 
results 11iiblislietl is liresented iii Figure 1. It m a y  he rioted that the liigliest 
concentrations halre been found in Italy (D'arca S i r n o r i p t t i  r t  al., 1969) and in 
the Faroe Islands (Aarkr-og, 1968). 

Nuclear tests in 1961 antl 1962 resulted in a strong increase in the artificial 
radioactive contamination of the environment ; as a consequence, the stron- 
tium-90 concentration in niilk rose sliarply in Finlarid also (Paakkola, 1966). 
It is therefore to he expected that  i n  children born tliiring the first half of 
the 1960s tlie tlrcitluous teeth wo111d contain more "'5 tliari before. The 
present st iicly is the first attenipt to ineasnre strontiwri-90 conceritratioiis in 
deciduous teeth in Finnish cliildren. 

MATERIAL AND METHODS 

The niatcrial analysed consisted of tleciduoiis teeth (2 662 teeth in total) 
collectctl in the dental clinics of the elementary scliools in Ilelsirilti. Clearly 
identifiable teelli were grouped according to year of birth into incisors, 
cuspids and molars; noii-itlentifiable heavily carious teeth were excluded 
from this part of the material. 

Caries and fillings were renioved from all teeth and the crowns separated 
from the roots. The analysed inaterial comprisetl the crowns from the in- 
cisors, cuspids antl molars and also a lieterogerieous group of tooth roots. All 
samples were then ashecl at 600 "C for about two (lays and the ash was grouritl 
to a fine powder. From each sample 6 g of ash was taken for analysis; if' more 
ash was availal)le, replicate samples were prepared. The ash was dissolved in 
concentrated hydrochloric acid by heating and the carhon particles were 
removed by filtration. The final sample volume was diluted to about 21 nil 
with distilled water (25 nil polyethylene vials were used in couiiting). 

The radioactivities of the samples were measnred in a liquid scintillation 
counter hy making use of the Cerenkov radiation prothicect Iry 90Y (Rytiirnaa 
J;7 PaahkoEa, 1971). After determination of radioactivity, the calcium content 
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Year of  b i r t h  

= St. Louis (Rosenthal et al. 1966) 
o Denmark (Lindemann 1965, 1967) 
A Denmark (Aarkrog 1968) 
o Faroe islands (Aarkrog 1968) 

Italy (D'arca Simonetti et al 1969) 
-A- Czechoslovakia (Santholtzer & Knaifl 1966) 

Helsinki (present work) 

Fig. 1. Mean 'OSr content (pCi/gCa) of deciduous t r r th  in different localities versus year of 
birth. Vertical lines given for the values obtained in the present work are standard deviations 
of the independent samples measured. Note that the value obtained in Caechoslovakia rrpre- 

sents the mean "Sr content of deciduous teeth in children born in 1958-1961. 

of the suiriples was arialysetl by atomic ahsorption sI)ectrop~iotometry. For 
further details of the techniques used, see Rytiimau and Paukkola (1971). 

The material studied consisted of 73  samples. In addition, six background 
samples of huniaii teeth collected hefore 1940 were counted at the same time. 
All vials (every 12th was a background sample) were counted successively in 
18 cycles until a total of 360 miniites was reached for each sample. 

The mean background count rate was 11. 8 cpni, with a relative standard 
error of kl.0 %. The variation between the six background samples was a 
little larger than was to be expected on the basis of the statistical counting 
error, Init this had no significant c~nsequences on the accuracy of the net 
sample counts observed. The small increase in variation was apparently d11e 

to ininor differences in sample quenching. 
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r l  I lie relative error of the net sample counts was tleterniinetl from the 
equation (Haberrr, 1965) 

1/& + 2n, f, l / t  = 

11 N 

where f, is the relative crror, t the counting time (360 minutes), n N  the 
ohserved net sainple count rate, ant1 11, the l d q p i i r i d  count rate. According 
to this equation, the sample with the lowest activity was counted with a rela- 
tive error of *10.0 yo arid the sarnple with the highest activity with a relative 
error of *2.6 94,. For most samples the relative counting error was ahout 

In addition to the statistical counting error, the final results (pCi/gCa) are 
also affected by other errors connected N-ith the procedure. These inclutle 
deterinination of the calcium content (pilietting and measurement of the 
calcium concentration; in this latter case the relative error was k1.5 o/o), ant1 
factors such as qnenching of the samples. It is apparent that these errors are 
relatively sniall and that therefore the over-all errnr is mainly diie to the 
statistical accnrilcy of the net sample coiints. This was actually confirmed I J ~  
the stanclard tleviations obtained in 15 cases where 2 to 4 replicate analyses 
cniild be r r d e  from the same pool of tooth ash. The relative standard tlevia- 
tions within these groups varied from 0.0 to 15.6 yo, with an average of about 

The possible role of additional errcir factors (such as presence of radio- 
nuclides other than g"Sr-gOY in the teeth) has been discussed in tletail in an 
earlier paper (Rytijmau La- Paakkoln 1971). 

It6 9 4 .  

6 "A,. 

HESU LTS 

The average calcium content was 36.5 % of the ash weight in all tooth groups. 
In  the heterogeneous group of tooth roots the net sample counts varied 

relatively strongly, rriairily because of a quenching effect caused hy the sam- 
ples themselves (coloiired solutions). Consequently, the results ohtainecl were 
not fully reliahle and the whole group was neglected. 

The results obtained for incisors, cuspids and molars are presented in 
Table I and Fig. 1. It is seen that in children hnrn in 1956 the strontium-90 
content was about 1.8 pCi/gCa in Helsinki. Diiririg the next two years the 
RoSr (:ontent of deciduous teeth rose slightly, reaching a value of about 2.6 
pCi/gCa iii 1958. No further increase occurred (luring 1959 and 1960, but 
in 1961 a small increase may already have occurred. Thereafter a strong in- 
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creasc began, which reached a value of about 6.8 pCi/gCa for the age group 
born in 1963. 

When the strontiiim-90 content of the incisors is compared with the activi- 
ties found in tlie cuspids and molars (see Table I), it appears that the in- 
cisors contained somewhat less " S r .  

DISCUSSION 

Most of tlie strontium-90 present in deciduous teeth is deposited (luring the 
first year of life, because the crowns of these teeth tlevelop arid calcify in 
less than one year (Orban, 1962). Depending on the type of tooth, only 5- 
32 o{, of the crown is formed before birth (Reiss, 1961) and, in addition, the 
"Sr content in the tooth germ is relatively low, especially because of the 
strong cliscriniination factor between the mother's dietary intake and her 
foetus. On the other hand, the child's own discrimination against strontium-90 
is at its lowwst during the first year of life (UNSCEAR report, 1969). As a 
consequence, the strontium-90 content in tlecicluous teeth is a good measure 
of the strontium-90 body burden during that time. It is also easy to obtain 
large nunbers  of rlecidnous teeth for analyses as compared to hone. Further- 
Inorc, the mechanism for deposition of calcium is less complex in teeth than 
in bone, h a u s e  turn-ovcr, exchange, and reniodelling are absent in the crowns 
of teeth once they are formed. 

Deciduous teeth develop in the order incisors, first molars, cuspids, and 
second molars (Orban, 1962). It may therefore he expected, owing to the 
longer time of development of cuspids and second molars, that incisors would 
contain less 9"Sr than cuspitls and molars. This has in fact been observed by 
Rosenthal et al. (1966a) arid Aarkrog (1968). In the prcsent study a similar 
trend was also observed. 

It has been suggested h y  Rosrnthal el tsl. (1966a) that q)ooled samples of 
mixed teeth may adeqiiately serve as a general index for estimation of the 
9%- concentration in deciduous tcctli as a measure of O"Sr body burden)). 
Nuclear tests in 1952-1958 resulted in a strong increase in deposited arti- 
ficial radioactivity ; no further nuclear devices were exploded above ground 
before 1961 (UNSCEAR report, 1964). The subsequent artificial radioactivity 
contamination of the environnierit is well reflected in the 9oSr content in 
deciduous teeth in Helsinki children born in 1956-1963. The mean stron- 
tiurn-90 content in the age group born in 1956 was 1.8 pCi/gCa; it increased 
to a value of 2.6 pCi/gCa in 1958 and remained at the same level for the next 
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two or three years. After the new injections of nuclear debris into the atmos- 
phere in 1961 and 1962, the strontium-90 content of deciduous teeth rose 
sharply: it reached a mean value of 6.8 pCi/gCa in children born in 1963. 
It is apparent from these results that the gOSr concentration in deciduous teeth 
is a good measure of the gOSr body burden. 

When the gOSr concentrations in deciduous teeth in Helsinki are compared 
with the values reported from other localities, it is seen that in children born 
in 1956-1958 the values were higher in Italy (D’arca Sirnonetti et al., 
1969) and in the St. Louis area, USA, (Rosenthal et al., 1966a) than in Hel- 
sinki, but that they were lower in California (RosenthaZ et al., 196613) and 
in Denmark (Aarkrog, 1968). The lower values obtained in Denmark than in 
Helsinki are apparently due to differences in the consumption of cow’s milk 
and other sources of 90Sr and Ca. The strontium-90 content in the deciduous 
teeth of children born in 1959-1960 was about the same in Czechoslovakia 
(Santholzer & Knmf l ,  1966) as in Helsinki, but was 2.5 times as high in- 
Italy (n’arca Sirnonetti et al., 1969). Concentrations of gOSr in teeth of 
children born in 1963 and thereafter have not yet been reported in the 
literature. 

The values for the concentrations of strontium-90 in bone in Finland (Salo 
et al., 1964+, Salo & Uotila, 1969) showed a sharp increase in children born 
in 1961, 1962 and 1963. Thus these results are in full accord with the values 
obtained for deciduous teeth in the present study. A strong increase in gOSr 
concentration in milk was also obvious in Finland in 1962 and 1963 (Puak- 
kola, 1966). 

Considering that the values of gnSr activity were lower in human than in 
cow’s teeth, the use of direct measurement of the cerenkov radiation can 
be further compared to the conventional method utilizing a low-background 
beta counter (see Rytornaa & Paakkola, 1971). The results obtained with 
these two techniques, i.e. radiochemical separation of 9oSr and 8-counting, 
vs. direct measurement of Cerenkov radiation, were identical (Rytiimaa 
& Paakkola, 1971), provided that the counting time was adequate with 
respect to the sample activity. The major disadvantage in the measurement 
of the Cerenkov radiation by means of an ordinary liquid scintillation 
counter is the relatively large counting error due to the high background 
count rate. However, t.ooth samples with net count rates from about 4 
cpni to 16-17 cpm are usually easy to obtain and thus the relative counting 
error becomes reasonable with counting times of only a few hours. For 
instance, a sample with a net count rate of 10 cpm (and a background 
count rate of 12 cpm) can be measured with a relative error of 5 5  yo in 
2.3 hours. The minimum counting time required for a sample with a net 
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cwunt rate of oiily 1 cpni to detect artivity different from zero would he 
about 1.5 hours, as estimated from the equation 

An idea of the sensitivity of the counting technique used in the present 
study may also be obtained from the following figures. A sample consisting 
of 6 g of tooth ash (equivalent to ahout 2.2 g of calcium) is counted for 10 
hours with a hackground of 12 cpni. The minimum statistically significant 
count rate different froni zero is then 0.4 cpm (see above) (Gibbs, 1962) and 
this would he equivalent to a gOSr concentration of about 0.2 pCi/gCa. In this 
case the relative counting error (one cr equivalent) would, of course, he as 
high as A50 94. 

In a study where large changes in the body burden of %r with time are 
followed, it is acceptable to allow a high relative counting error for samples 
with a very low activity. lf allowing a 20 yo counting error for these samples 
and adopting 10 hours as the maximum practical counting time, then the 
ininirnuni sample activity for the present y system niay he estimated 
from the equation 

fr 1/' t I= ~ (Huherer, 1965). I n  the case of very low sample 

actil-ity i iN < < 2 11, and ilierefore tlie eqiiation can be rec1uc:ed to 

f, 1/ t =z: ~~ ~ From this equation, with the following values, f, = 0.2, 

ri, = 12 cpni arid t = 600 niiii, it is ol-~tainetl r i N  = 1.0 cpiri. 011 the hasis 
of the present results, the niaxiinuin aniount of tooth ash from which a clear 
arid colourlcss solution with a volume of 25 ml can easily be prepared is of 
tlie order of 8 g, corrcspoiiding to about 2.9 g of calcium. Siiice in the counting 
system adopted 1.0 cpni is equivalent to 1.16 pCi "Sr, tlie ))sensitivity limit)) 
of the assay system becomes 1.16j2.9 = 0.40 pCi/gCa. 

Sample activities below this level can, of course, he measured by means of 
Cerenkov radiation if a larger counting error is sanctioned, if the sample 
size is increased, or if the background count rate is reduced. In practice, 
however, it may he easier to  nieasiire such low activities with the more con- 
ventiorial method, utilizing radiocheniical separation on arid a low hack- 
ground heta counter. 

~~ VllN + 2 11 ----: 
11, 

11N 
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SIJ M MARY 

Strontium-90 c:oncentratioris were measured h y  means of Cerenkov ratliation 
in deciduous teeth collected in Helsinki from children born in 1956- 1963. 

The rnean %r content in those born in 1956 was 1.8 pCi/gCa; it increased 
to a value of 2.6 pCi/gCa in 1958 and remained at the same level for the nex t  
2-3 years. Thereafter a sharp increase occiirred, reaching a value of 6.8 
pCi/gCa in children born in 1963. 

STl{ONTIUM-90 DANS LES DENTS TEMPORAIRES D’ENF.4NTS N k S  E N  1956- 1963 
HECLEILLIES A IIEI.SIi%IiI 

Les concentrations en Strontium-90 ont 616 m e s u r h  grdce BIIX rayons 
Cerenlcov clans des dents temporaires rccueillies h Helsinki et provenunt 
cl’erifarits riCs en 1956-1963. 

La teneur rrioyenrie on %r chez les enfants nCs en 1956 h i t  de 1,8 pCi/gCa; 
elle augirientait jusqu’ii la valeur de 2,6 pCi/gCa en 1958 et restait au i n h e  
riiveau peritlant les 2-3 annites suivantes. 11 se produisait ensuite line brusque 
augmentation, atteignarit la valeiir de 6,8 $i/gCa chez les enfants n6s en 1963. 

ZUSAMMENFASSUNG 

STRONTIUM-90 I N  MILCHZXHNEN GESAMMELT I N  HELSINKI U N T E K  K I N D E R N ,  DI15 

ZWISCHEN 1956-1963 GEBOHEN WURDEN 

Strontium-90 in den Milchziihnen von IGnderri, die zwischen den Jahreri 1956 
und 1963 geboren waren, wurde mittels i:ererikov-strahl~ing gemessen. Die 
mittlere ”Sr-Gehalt in den im Jahre 1956 geboreneri Altersgruppen war 1,8 
pCi/gCa; OnSr nahrri irn Jahre 1958 ab und blieb wiihrend der folgenderi 2-3 
Jahren in demselben Niveau, 2,6 pCi/g Ca. Nach dieser Zeit wurde eirie 
scharfe Zunahnie notiert und ein Maximum von 6,8 pCi/g Ca fuer die Kinder, 
die im Jahre 1963 geboren waren, wnrde erreicht. 
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