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INTRODUCTION 

The strontium-90 content of the deciduous teeth of children horn in the 
1950s ranges from 0.15 to 6.56 pCi/gCa (Ko.serzthal ct al., 1966; Aarkrog, 
1968, D'arca Siniorretti et aZ., 1969) As the resiilt of nuclear tests in the 
19605, an increase occurred in the fall-out of strontium-90; this apparently 
led to an increase in the strontium-90 content of the deciduous teetli of chil- 
dren horn in the years 1962-1964. 

The results published have been obtainetl b y  the radiochemical separation 
of O0Sr arid measurement of the /I-activity with a low-background Geiger 
counter. IIowever, (erenkov radiation seems to offer a simple and rapid 
method for the measurement of OOSr content in biological samples. This is 
indicated by the studies of IIaherer (1965) and Elrick & Parker (1968), 
who have shown that &xwiliov radiation, produced Ity strong B-emitters, 
can be measured by means of an ordinary liquid scintillation counter. u- and 
y-emitters, possibly present in the samples, do not interfere with the inea- 
surement. The lower energy limit of electrons capable of producing cerenkov 
radiation in water can be calcrilatetl as 260 KeV (JcLLey, 1958); the niaxirnurn 
energy of a /I-emitter practicable for counting in a liquid scintillation counter 
must exceed 1 MeV. g o y ,  the daughter nuclide of O0Sr, has a maximum energy 
of 2.2 MeV, thus heing much higher than the energy limit required. 
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Utilization of Cerenkov radiation for the cletermination of p-activity appears 
to be especially useful when dealing with a homogeneous material, such 
as teeth, which is not likely to contain strong p-emitters other than "Sr arid 
SOY.  We here describe a corn1)arison of the methods used for analysis of 
the gnSr activity in teeth with measurement of the cerenkov radiation with a 
liquicl scintillation counter and the beta radiation with an anticoincidence 
heta counter after separating 90Sr ratliochemically by the well-known nitrate 
separation method (Z'aakkola, 1966). The possible presence of coml)orierits 
interfering with the nieasurements was further studied hy means of garnnia 
spectra and X-ray fluorescence. 

MATERIAL AND METIIODS 

Because of the shortage of large quantities of human teeth, the main part of 
the experiments was carried out with animal teeth. The strontium-90 content 
of cow's teeth is relatively high (Giese et ul., 1965); therefore the test material 
was obtained from 15 cows (1.5-10 years oltl) collected from different parts 
of Finland. The teeth were ashed for 24 hours at 600 "C and the ash (aljont 
1 kg in total) was ground to a fine powder, which was carefully homogenized. 
This ash was analysed for '""5 arid Ca. The gamma spectrum of the ash was 
also obtained and the inactive elements were determined by means of X-ray 
fluorescence. For the sake of comparison the gamma spectrum and the analy- 
sis for inactive components (X-ray fluorescence) were also made from human 
teeth. 

terenkov radiation was measured in a liquid scintillation counter, using 
six essentially identical samples, each consisting of 5.0 g of ash. The ash 
was prewettetl with distilled water ant1 dissolved in hyclrocliloric acid by 
heating; a coloiirlcss arid clear solution was obtained after removing carhon 
particles by filtration. Sample volumes were adjusted to 20 ml in 25-ml 
polyethylene counting vials. Optirnal settings for the counting channel were 
determined hy means of a 9nSr standard; the other two channels were used 
to detect possible quenching by the channels ratio method. Quenching was 
also checked by means of external standardization; significant quenching was 
not observed as winpared to samples used for background measurements. 
All test and background samples were counted successively in twelve cycles 
until 120 minutes was reached for each sample. The purpose of this procetlure 
M - ~ S  to minimize possible effects of external variables (voltage, hackground 
radiation) on the: counting rate. The ljackgrountl samples were prepared 
from hunian teeth extracted before 1940; the preparativc technique was 
identical to that used for COW'S teeth. The background measured with five 
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Table I. 
Determination of aLtivcty in LOW'S teeth by means of Cerenkov raditation (liquid scintilla- 
Lion tolinter). Each scimple was counterf for 120 min with a counting error eqiLiua2ent to 
about 0.4pCi/gCa. TheJirct column is basedon titrimetric annlycis oJ Ca content, the second 

on cltomrc ahwrption spectrophotometry 

Sample No. '"Sr(pCi/gCa) 

_. ~ ~- ~ 

- ~- ~~ ~______._ ~~~- -~ ~~ - 

I 19.4 20.0 
2 21.2 21.0 
3 19.2 18.6 
4 10.4 19.6 
5 20.8 20.4 
6 21.2 21.0 

x 20.2 20.1 
- 

- - _ _  - - - 

samples was 10.9 & 0.2 cpm. After determination of the radioactivity, the 
calcium content of the samples was measured hy means of perrrianganate 
titration and atomic absorption spectrophotometry. 

Control samples for the determination of 9nSr activity with a low- background 
p-counter were prepared from the same pool of ash; six samples were andysed, 
each consisting of 10 g of ash. 8flSr was separated by the nitrate separation 
method and the activities were nieasiired with an anticoincidence beta counter 
which had a background of about 0.7 cpm and a counting efficiency of about 
45 (z for (Puuklcola, 1966). Calcium was separated as the oxalate antl 
determined hy titration with pernianganate. 

RESULTS 

r ,  1 he results obtained hy measuring cerenliov radiation (liquid scintillation 
counter) and beta radiation (anticoinciclence heta couriter) are shown in 
Tables I and 11, respectively. 

X-ray fluorescence revealed that, in addition to calcium (36 "/) and phos- 
phorus (17 yo), the ash contained trace amounts of K (< 0.05 y)), Cr, Fe, 
Cu, Zn, Sr, Ra and C1. This indicates that the presence of pure p-emitters 
other than 9% ant1 9"Y is most iml)robable in cow's teeth. It was further 
confirmet1 1)y gainma spectroscopy that the samples did not contain compo- 
nents ernit tirig hoth p- antl y-radiation. The only findings were natural 
radioactivities, Lhe main components being zzeTh, 232Th and z2*Ra. The total 
radioactivity of these radionuclides was 1 pCi/g ash or less. 



TdMe 11. 
DetermitiatLon o j  "Sr aLtivity in LOW'S teeth by means oj  beta radLation (anticoincidence 
beta counter). The columnv show the  remltv obfained in duplirale measurement on the 

same sample 
~ ~~ 

Sarnple No. gOSr(p Ci/gCa) 
_ _  ~ 

1 20.2 
2 20.1 
3 20.2 
4 21.1 
5 10.4 
6 20.5 

~~~ ~~~~ 

20.0 

20.1 
19.7 
10.9 
19.6 
19.0 
19.7 

Garnrna s lmtra  of Iiuniitri teeth were even more hlank tliari those of cow's 
tcetli. X-ray fluorescence analysis showetl that l i u ~ n a ~ i  tcetli contained only 
almut half the Fe and K fuuiitl in cow's teeth; this was probably due to snialler 
hlood contamination of tlie saniples. Further, in human teeth the coriterit of 
inactive Sr was only about one fourth of that found in cow's teeth, and Ba 
was completely absent. These differences are due to tliscrirninatiori against 
the heavier alkaline earth metals. The main source of Ca, Sr arid Ra in cow's 
diet is grass, whereas in man's diet these elements mainly come from cow's 
milk, where the discrirniriation grass-milk has already occurred. 

DISCUSSION 

It is seen from 'Tables I arid I1 that the mean OOSr contcnt in cow's teeth was 
20.1 pCi/gCa. The results ohtainetl b y  measuring Cerenliov radiation do not 
differ from those ohtaincd h y  the inore coriventional technique based on tlie 
radiochemical separation of O ~ S r  arid measurement of the radioactivity with 
a low-liacl<ground B-counter. Thus tlie results indicate that the use of cerenkov 
radiation is justified for the determination of 9"Sr activity in teeth. This 
technique has considerable advantages : preparation of the samples is rapid 
arid easy, the possible presence of a- arid y-emitters does riot interfere w i t h  
the measurement, arid the samples can he rerrieasiired if necessary or can 
he used later for other arialy 

Ganima spectra arid analyses for inactive components in cow's and human 
teeth indicated fiir~lier that utilization of &reIiliov radiation for the measure- 
merit of 9oSr coriterit in hurnair teeth woultl not be tlistiirhed by other radio- 
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nuclides. Attempts are therefore being made to  utilize this technique for the 
rrieasiirement of "Sr  in deciduous teeth of Finnish chiltlrrn lmrn in 1956 - 
1963. The radioactivity is expected to be lower than in cow's teeth, but tliii 
problem can be met by increasing the sample size and by prolonging the 
counting time. 
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SUMMARY 

The results showed that analysis of the 90Sr activity in teeth is lwssible with 
ineasurenient of the Cerenkov ratliation with an orrlinary liquid xintiliation 
c,orinter. The results did not differ from those obtained hy the rtiore conven- 
tional technique based on the radiochcniical separation of 9 t j r  and measure- 
ment of the radioactivity with a 1ow-l)ackground ,9-count,er. The mean %r 
content in cow's teeth in Finland was 20.1 pCi/gCa. 

Gamma spectra and analyses for inactive components (X-ray fluorescence) 
in COW'R and human teeth indicated further that utilization of (krenkov radia- 
tion for the measurement of 9"Sr content in human teeth would not he tlistur- 
bed by other ratlionuclitles. 

R 6s U \I 6 

%r DANS LES DENTS. COMPARAISON DES MBTIIODES 

Cette etude a montr6 que l'analyse tle l'activit6 du 9% dans les dents p u t  
Btre faite en niesurant les rayons Cerenkov avec un compteur A scintillation 
liquitle ordinaire. Les r6sultats obtenus ne diffkraient pas de ceux qu'on 
obteriait par la technique plus classique 1jasi.e sur la skparation radiochiniiqne 
du B"Sr et la niesure de la radioactivite avec un cornpteur de radioactivitk /3 
anibiante basse. La teneur moyenne en 9oSr clans les dents de vaches en Fin- 
lande Ctait de 20,l pCi/gCa. 

Les spectres ganima et les analyses des 616ments inactifs (fluorescence en 
rayons X) dans les dents de vaches et les dents humaines indiquaient de plus 
r p e  l'utilisation des rayons Cerenltov pour la mesure de la teneur en 9Fir 
rlans les dents liuniaines ne serait pas peri urbCe par d'autres mdionuclPides. 
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ZUSAMMENFASSUNG 

STRONTIUM-90 I N  ZAIINEN - EIN \ ERGLEICH ZWEIER METIIODEN 

Die Resultaten clieser [Jrntersnchung zeigen, ( lass  die Aktivitiit von %r in 
den Zahnen rnit eirierii gewiihilicheii Fliissiglieit iritillatiorisz~liler genies- 
sen wer(1en kann. Diese Resultaten nnterscliietlen sich niclit von tleneri, 
die rnit ii1)liclien Methotlen (1.11. rriit ratliocheiiiisclieri Trennurig von Stron- 
tium-90 uiitl Messung tler Kadioalitivitiit mit eirier {I-Zdiler niit nietlrigeni 
Nulleffelit erreiclit wurtlen. Die iriittlere %r-Gel-ialt in ZBliricii cler Kiilie in 
Firinland war 20,l pCi/g Ca. 

Die Garnmaspektra und die Rnalyseii von inaktiven Koniponenten (niit 
liiintgenfluoreszensarialyse geniessen) zeigten, dass die Messnng von 9%- in 
den Zalinen von Kulien inid Merischen niit ~:erenkov-Stralil~lllg riiclit vori 
anderen liatlionulilitleii gestiirt u-irtl. 
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