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STUDIES ON THE PENETRATION OF MERCURY 
THROUGH THE DENTAL HARD TISSUES, USING 
HG203 IN SILVER AMALGAM FILLINGS 

A number of histological (Applebnum 1929) and spectrographic 
studies (Fields and Chtirles 1950, Mnssler and Barber 1953, 
Schoonouer and Sorider 1941 ) have been iiiade of the problelii of 
resorption of mercury froiii dental silver anialgaiii fillings. In 
view of the somewhat contradictory results, the authors have 
studied this problem using radioactive mercury. 

MA'I'ER IAL 

Radioactive iiiercury was obtained by neutron boiiibardnient 
of iiiercury metal in an  atomic pile (A.E.R.E., Harwell, England). 
Hg*o3 with a half-life of about 45 days was obtained. The ra- 
diations emitted from this isotope are p of a niaxiniuni energy 
of 0.21 MeV and y of 0.28 MeV. The specific activity was origin- 
ally about 1.5 i n C / ~  metallic mercury. The chemical state of  the 
radioactive mercury was not known with certainty but since it 
followed the liquid iiiercury fraction and was iiieasurably volatil- 
ized above 300" C, it was believed that a great part of the radio- 
active mercury was in iiietallic form. 

The radioactive mercury was iiiixed with an  equal part (w/w I 
"silver" alloy "68" (Guldsiiiedsbolaget, Stockholm) in the usual 
way to foriii ainalgaiii, which was then introduced into prepared 
huiiian tooth cavities ( i n  uitro and, in two cases, in uiuo) and in 
prepared tooth cavities on two monkeys ( a  total of about 40 
fillings in miuo) and on one dog (twelve fillings in uivo) .  
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ASSAY 31ETHOOS 

After some preliiiiinury studie5, including the use o f  str ipping 
fi lm :iutor:idiographg (Berggren : ind Cederher!j I952 1, the authors 
decided to use apposition :iutoradiogral)hy, Geiger-Mfiller count- 
ings and scinti lhtion countings. 

I .  ilpposilion trirfortrdiogi t i p l i g  

Several types o f  sections were used. I n  soiiie cases teeth werc  
c u t 1 ongi t udi nn I I y without t ou c hi ng t lie r:idio:i c t i y e f i I I in  g , \v h ic h 
loosened sponta~ieously. In other c:ises transverse sections were 
used. In still other cases the teeth were exaiiiined in s i f u  after 
wctioning the whole jaw. 

The :iutoi.:itliogr~i~,hic expo\ures were undert:ilien under 1110- 

dernte pressure, which did not cause pressure artef:icts of  the  
film. 'Hie exposure limes w r i e d  froin 5 days u p  to 30 tkiys. 
Gewert  Dentus Rapid film was usu:111y employed. 

A scheiuutic outline of one tylw o f  :iutor~idiogr:ii)hic exposurc 
is  indic:ited i n  fig 1. 1' is tlie tooth, with pulp, I), p r t l y  retained, 
:ind the  p r e p r e d  c:ivity, C. 1'11 is  the  photographic emulsion. 
T h e  direct exposure in the  cavity is denoted E, and the  lo t : i l  
exposure in the  central  pulp region is denoted E,). The  latter is  
m:iinly coiiiposed of two p:irts, the  direct exposure fro111 HgloC 
in the pulp,  E d ,  and the indirect exposure f ro in  second:iiy elec- 
trons excited by g:iiniiin rays from the  cavity, C .  T h e  indirect 
exposure is denoted Ei. Some calculations are essential to under- 
s tand the contribution of E, to the  total exposure El). 

Fig. 1. Schematic outline of  onc type of t'sposurc in apposition autoradio- 
graphy. 'r is the tooth (cross section), P tlie pulp cavity, C thc artificial 
cavity and Pli the photogrnpliic emulsion. Other notations stand for di-  

stances, angles and points. 
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Let us  assume that an  element dh  in the bottom of the 
shallow cavity emits Ndh beta particles resp. gaiiiiiia rays 
during the time of exposure. The exposure is here defined as 
the number of incident electrons or beta particles per cniz of 
einulsion surface. The exposure at  a point u cni from the hottoin 
of the cavity is then 

PIiNETRA'TIOK O F  HGZUS FROM FILLINGS IN TEETFI 

l ' *  N (h)  dh  
E, = x( l12+ U') . . . . . . . . . . . . . .  

0 

In calculating the secondary radiation emitted by the gainiiia 
rays, let us consider a small elenient in the dentin of the volume 
dadcRdw (see fig. 1 ) .  ; L  is the effective absorption coefficient 
for gainnia rays from H p j .  s is the distance from dh  to the 
scattering element rladcRdw. We integrate over the whole pre- 
pared cavity and the whole "effective 1:iyer" of dentin : 

In this equation 

s' = (R + a,' + b3 - 2b (R + a) cos (\v - arcsin ")  b 

and 
. . . . . . . . . . . . . . . . .  f == ,rr ;g3/to( (3.)  

In eq. (4 )  the quotient ylnt expresses the fraction of inter- 
acting gamnia quanta giving rise to "effective" secondary elec- 
trons. 

The formulas given above are only approximate, such f:ictors 
iis the angular distribution of the emitted secondary electrons, 
their energy distribution, the longitudinal extension of the pulp 
cavity, the variation in filui sensivity with the angle of incidence, 
etc., have not been accounted for sufficiently. 

In order to obtain reasonable numerical values, measurenients 
of the geometrical factors were performed on exposed teeth and 
:rutorndiographs and absorption coefficients were obtained ac- 
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cording to  the work of Leicester ( 1949) on the elenient:rry coiii- 
position of dentin and that  of Bethe and Ashkin (1953)  on the  
gainnia ray absorption coefficients. 

I f  the numerical values h, = 0.5 cin, a(, = 0.02 cni, H = 0.1 cm, 
f = 0.1 cin-l, K = 0 . 1  cm, w2 = n and p (s) < 0.3 c n - l  ~ ( l i ) ,  
- t C = k 0.1 ern, and expresses an  even distributionof HgZo3 on the 
hottoin of the cavity, we ohtain by approximate eva1u:itioii of 
the integrals 

( 5 )  E,/E(,.=: 10 . . . . . . . . . . . . . . . . 3 

Taking the exponential relation hetween density and exposure 

the obtained slight exposure over the pulp (see fig. 2 )  which i s  
ohtained experinlentally, iiiay he partly or wholly explained by 
the presence of secondary photo- and Coii ipto~i  electrons froin 
the  dental walls of the pulp cavity, since the experiinent:illy found 
value of E,,/E,. = about 10--:j. 

Neither the integrals in eq. ( 1  and ( 2 )  nor the exposures 
obtained froiii eq. (ti) can he obtained with sufficient accuracy 
to perinit any reliahle cpn t i t a t ive  conclusions. For :I iiiore 
detailed interpret:ition of quantitative geonietrical factors in 
~iutor:rdiogr:iphy, see the p i p e r  hy Odrhlrrrf ( 1932 1 .  

Fig. 2. Fig. 3.  

Fig. 2. .~utor;idiog~'"~)li  of cross section of t h e  root o f  :I tooth.  \Vhite p a r t s  
indicate radioactivity.  A fa in t  cxptisurc is sccii coiwspoiiding t o  t h c  root 

c:i n:iI a n d  t lie per iodoii t :I I t issue . 

Fig. 3.  A u t o r a d i o g r ~ ~ ~ ~ l i  of longitucliiial : c ~ t i o ~ i  of a tooth made  n i t h  thc 
geometrical relationships indicalcd in fig. 1. \Vhite parts indicate radio- 
activity. Tlic very iuteiise exposure f r o m  t h e  art if icial  cavity is sceii awl 
t h e  fa in t  image corresponding to  t h e  pulp.  Small  spots o f  exposure cor- 
respond t o  radioactive particles, probably dust. contaiuing Hg*":j. O n e  fintliiig 
iii b u p p o r t  o f  t h i s  is the presence of  such spots also i n  regions coi~i~esp""tlinaii~1iiig 

to dent inc  and enarncl. 
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Another difficult technical and theoretical probleni arises from 
the presence of radioactive particles (exemplified in fig. 3 1 which 
are probably accidentally introduced a s  dust froiii the cutting 
and grinding operations. The beta particles emitted froiii such 
radioactive particles, when present in the pulp cavity, undergo 
inelastic or elastic (nuclear or electronic ) scattering and cause 
a more or less diffuse exposure of the whole pulp region of the 
f i l m  This scattering probleiii is extremely difficult to treat 
quantitatively. The scattering may be theoretically estimated to 
occur in between 10 and 20 per cent of beta particles incident 
on dentine tissue. Experimental r i i ea~ure inent~  using a scatterer 
of Al (which iiiay represent :I metin of the dentin atomic nuni- 
bers) give figures of about 30 per cent for H#O‘ beta radiation. 

Autoradiographs of disc-formed cross sections of roots were 
niore useful because of the absence of the very active artificial 
cavity. On these autoradiographs faint exposure WRS often present 
over the pulp region, which iuay indicate the presence of small 
aniounts of Hg?O% in the pulp. Careful interpretation of the 
autoradiographs reveals, however, signs of the presence of 
radioactive dust, iiiaking quantitative interpretation solliewhat 
questionable. 

With regard to the sensitivity of the filiii used, the detection 
liiiiit niay be estimated :it : h u t  1 0 -  fi 1iiC/nini3 of  wet tissue, 
corresponding to about 0.01 ,,1g Hg elenient/iiig of wet pulp, pro- 
vided that no secondary or scattered r:idiation or other artefnctr 
interfere. 

I’ESI:IIIA’l1ON OF H‘;Zoj FROM FII.I.INGS IN T l < R l I l  

2. Getger-Muller ineusurementa 

Geiger-Muller countings were undertaken with ;I ‘I’CG-2 (Trn- 
cerlab) tube with an  efficiency of 13 _t 2 per cent for :i UX2 
standard. The mica window thickness W:IS about 2 iiig/cni?. 

Dried squash preparations of dental pulp wih :I thickness < 3 
nig/ciii’ were made, giving an estiniated self-absorption of HgZoS 
beta rays of < 15 per cent. The detection liiiiit o f  the method was 
about 12 iiiip./iiiin. above b:ickground (about 35 iiiip./iiiin. 1. 
This corresponds to :I detection liiiiit of about 0.05 /(g Hg element. 

.3. Sc in t  1 l l t r f  ion i’oiiri 1 inus 

The scintil1:ition counter w:is :I Tracerlab 1’20 scintillation 
detector operated :It 1 050 volts, feeding :I scaler. The set-up 
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was cupable of recording gaiiinia impulses of > 0.15 Me\'. The  
efficiency for Hg?uZ gaiiima r:idiation under the prevniling con- 
ditions was estimated at  12 i 4 per cent. With a detection limit 
of  35 iiiip./niin. above background inhout 180 iiup./iiiin.) :ibout 
0.1 ![g Hg element could be detected. 'The organs examined for 
HgzOOJ g:iiiiiiia radiation were dried and put  in :I saiiiple holder 
in front of the crystal. 

A s  discussed :rhove, the  f i l i i i  exposure in the pulp region may 
in iiinny cases he partly or wholly explained by secondary o r  
scattered radiation. In a few teeth the  autoradiographs may in- 
dicate the presence of about 0.02 ,,~g Hg'iiig of wet pulp tissue. 
In most cases no reliable conclusions could be drawn. 

4. Resu l t s  o/ ( ie iyer- ,~i i [ [er  countinys 

The results on :I dog, receiving several radionctive buccal fil- 
lings and on which the pulp tissues were extracted froin the 
lingual side, are collected in fig. 4. The pulp tissue of the teeth 

. 

0 :  n c 

0 1  4 to 20 c Timeindo$ 

Fig. 1. Ilelntion between the amount of Hgao:j in dental pulp and time after 
introducing the radiomercury in the teeth of :I dog. Ordinate : counts/min.l  
riulp. Abscissa : time in  days. C denotes control values from teeth not  recciv- 
irig radioactive fillings. hfc is  the level  of t h e  mean of control values. Thc 
dotted line 1' represents the suggested uptake of H:g'm i n  tllc pulp. 'I'hc o n c ~  

day v;rluc 272 is prol)al)ly accidentally high. 
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with fillings generally contained small amounts of HgIOJ. The 
presence of radioactivity in control preparations indicates, how- 
ever, the risk of contamination. It seeiiis safe to  conclude that 
there is some probability of amounts of Hg well above the tle- 
tection limit and control level 10 days after introducing the 
radioactive amalgain fillings. 

PENETIIATION 01.' HWUJ FROM PILLlh( iS  I;\ '1 ELTI1 

3 .  ! i c i n l i I l ~ i l i ~ ~ n  coiinling rc~srilts 

A s  indicated in Table I ,  the scintil1:rtion countings did not 
reveal HgZoJ in some distant organs exmnined. 

Table I 

Hcsulls of scintillation countings on soiiii, distant o r p r i s  in a dog 

Spleen . . . . . . . . . . . .  
Heart . . . . . . . . . . . .  
Liver . .  . . . . . . . . . . . . .  
K i d  iley ............ 
Urnin.. ............. 

~ ~~ 

- 3 + 1 :I 
1 7  1 2  

- 

0 * I 2  
-4 * 1 3  

2 - + 1 3  

The penetration of Inercury froin dental fillings was studied 
with the aid of radioactive iiiercurg (Hg?"'), using apposition 
autoradiography, Geiger-Mfiller countings :ind scintilhtion count- 
ings. 

Some evidence is presented in favour of the iiiiportnnce of 
secondary and scattered radiation and dust contninination :IS 

sources of error in :iutoradiogr:~phy. This technique might have 
revealed the presence of a few hundredths of ;t p g  Hg per 111g 
of pulp tissue in sonie cases. 

Geiger-Muller countings indicated the presence of some tenths 
of ! lg Hg in whole pulp 1 0  days after introducing :Im:rlgam 
fillings. 

Scintillation countings did not reve:il inercury in kidney and 
so iii  e o t h e r di s t a n t or ga n s ex :i 1 nin ed . 
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ETUDES SUR LA PBNETRATION DU MHRCURE A TRAVERS LES TISSUS 
DURS DES DENTS, A L’AIDE DE HGZo3 MIS DANS LES PI.OMBS 

D’AMALGAME D’ARGENT 

La pdn6tration du  iiiercure des ploiiibs d’aiiialgaiiie dans l es  
dents a kt6 exaiiiinke k I’aide de iiiercure radioactif ( Hg2081, 
I’autoradiographie par apposition ainsi que des coiiipteurs Geiger- 
Muller et de scintillation Ctant utilisCs. 

Des preuves furent doundes en ce qui concerne l’iiiiportance 
du rayonneiiient secondaire et des iiiipuretcs radioactives portees 
par l es  poussiitres, coinine sources de fautes lors de I’autoradio- 
graphie. Avec cette technique il a etb possible de dCiiiontrer 
I’existence de quelque centaine de , ~ g  de iiiercure p i r  iiig de 
tissue de pulpe dentaire d a m  certains cas. 

Le coiiipteur Geiger-Miiller iiiontre la pr6seIice de quelques 
dizicmes de ;~g de iiiercure sur toute la  pulpe denttiire, 10 jours 
a p r h  l’exdcution du reinpiissage d’aiiinlgame. 

Le coiiipteur de scintillation ne montr:i nucune trace de iner- 
cure daris les reins ou les autres organes Cloignks ( p i  furent 
exaininbs. 

ZI’SAhIJlENFASSl‘N(i 

STUDIEN OBER DIE PENETRATION DES QUECKSILBERS DURCH HARTE 

SILBERAMALGAMFULLUNGEN 
ZAHNGEWERE BEIM BENUTZEN VON H G ~ ~ ~  IN 

Die Penetration w n  Quecksilber :ius A~~i : i lg : i~~ i f i i l l i i ~~gen  in den 
Zahnen wurde iiiit Hilfe \’on radioaktiveiii Quecksilber (Hgjus 
untersucht, wwbei die Ap1)ositioiisnutorudiogr:rphie sowie der 
CleiSer-PvIiiller-Zlliler und der Szintill~~tioiiszahler zur Anwendung 
k mien . 

Nachweis wurde erbracht hinsichtlich tier Hetleutung seltun- 
dlrer Strahlung und durcli Staub uiitgefiihrter radiouktiwr \’er- 
unreinigungen :ils Felilerquellen bei der Autor:idiogr:iphie. hlit 
Hi If e die se r Tech nil< i s t w :i h r scliei 11 I ic h tl:i s Yo r I< ( ) I  11 I 11 en vou 
einigen Hunderten icrg Hg per nig Pulpnyewebe in hestitiiiiiteti 
Fiillen nachgewiesen worden. 

Die CJeiger-PuIuller-Zahlung zeigt dns \’orl<oinmen  on einigen 
Zehriteln /(g Hg iui ganzen I-’ulp:igewebe 1 0  ’rage n:irh A u s -  
fiihruiig der Ain:rlgaiiifiillung. 



PESETilATlON OF HGBox FIIOhf FILLISGS IN TEI.:'I'II 1 ti3 

Die Szintillationsrechnung wies kein \'orkoninien von Queck- 
silber in den Nieren oder anderen ubgelegenen Orgunen, die 
Gegenstand der Untersuchung waren, auf.  
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