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The vapor emission from silver amalsm is sisdlicant, also from old
fillinss. Stock i I 939a) m$sured levels of over 2 midosrams/id h rcspi-
red air. At this level symptoms of poisoni!8 app€ered. The experiments
have been repeated lcay et aI., 1979) md showed levels of 2.8 micro-
sams/m 3ll4 nY l 0 brcaths I from one week old fillirvs md similar valu-
es lrom two year old fiIlin8s. After abrusion by ch€wirg gum there was a
shärp increäse to 49 and 33 micrograms/mr rcspectively. Iurther studies
{Svare et a1., I 981 I showed that the levels were propo(ional to the Dm-
ber of fillings and valües up to 87.5 microgramss were recorded. Th€ 3u
thors also mention that the measured values probably were o rDderesti
niate. Mercury vapoizes fairly rapidly through c€rtimeter thick layers of
water and saliva lstock. l939bl.

Metals rclssed ftom alulgam fillings can migrate inside the r€eth.
Mocke {1971) m$sured a continuous diftusion of all components of
amalgam ard also of zinc ftom the isolation. Till and Maly {1978) have
recorded over 1200 midograms/g ßsue ir the root of a tooth with both
gold and amalsam and up to a few hundred microgams/g in te€th wirh
ody alulsam. The levels increase with time and do Dot come froD food.
Mercury levels of a few Dicrosos/s tissue s€verely distrub cellular
functioos; sowth of nerve fibers at very mlrch lower concotrations
(Sharma and Obersteiner, 198 r ). h the latter work and in several others,
mercury {inorsaricl has been found to be the most tonc of all metals. In
the oral cavity the local toxic actioD will be that soft and hald tissues ale
dcgaded lTill, 1979)- The e{fect is equivalent to loos€ tceth from indu'
strial exposure to mercury, somethiry which has bem loom since anri.
quity-

Rate of Corrosion
Amalgrm is unstäble (tin dissolutionl in complexjormul8 solutions

(Brecht-Begen I 933j, even without salvadc activity. When different sur-
faces are exposed to variatios in oxyte& galvanic cells will fom. Cur-
rents arorDd fouJ micrG$p€res in single fillin8s have bee$ recorded

ischdever and Diamond, 1952, Marxkors, 1970). The msnitude of the
cEents is limited by the resistan€es of the amalgam surläces and the ex-
t€mal circuit. Wagner ed TilI 11972) m€asüed resistances of l0 300
kiloohms- This will sive a n-aximrm of 19 micioamperes for sinsle
amalgam fillüUs. h root'filted teeth the resistance can be as low as 1.5
kiloobm lKdhler 1958)and the result will be high cuüent and 4lso a ftee
way for migration oI metal ions into tissues üd circulation.
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stant" non-gamma'2 filling placed in volrl mouth With the conventional

amälgams you ri/ill swallow a tin-souP. Besides vou will inhele mercurv

Stöfcn ll974l wams against rhe dailv mercurv load from amalgam

and cites measurcments by Stock (1939a) of the amount of Hg in respired

air and Radics et al (1970) of the loss of Hg from arnalsam' In the latter

study üe ,mount of Hg, missing from an outer corroded zone (50 - 90

miciometersl was calcuraEd to be up to 560 millisrams in a Douth with

many fillings. lf the loss Ms taken pl.ce during I o vears, the dailv dose is

I 50 microgams. Amalgam filLngs can be verv much more conoded tnm

to a depth of 90 micromerers. Microphotos 1n a prper bv \{ateer and

Reitz 11970lshow conosion in exracted fillinss to a depth of at least 50o

nicrometers. Schoonover and souder (lgall and Hüggtns (1982b) rcport

so severe corrosion that the fillings i! exFacted teeth have lost most ot

the strensth and could be crushed with the fingers The fillings become
porou5 wrrh I lm(. lörsoscn Ie65: Hussrn\ '  lo8)blJrtdthisl ' jJse in{rea

r rn surfa,r ;rea ennamet corrosron lBrech( BerseD lgJJl T}le mrlteu

in pur(.  and crevice' lanodic dt!J wJl be \e^ rcrd due Lo formarion or

rD uxides tL 'pe\Ll '  le7?bl r  \ rare which promores Lhe drssolurrun o{

tooth substrn;e. wai<ai 1t936) measu€d release of calcium ftom lilled

reeth made anodic and phosphorus from cathodic teeth Corrosion oi

.malssln is the mrin cause for failure of fillings {förseßen 196s) Everv

dentiit must have secn the marginal breakdom oI odgam fillinss The

darkenng of filled teeth is also obvious to the Daked eve

This is caused by tin oxide, silber ard rnercurv sulphides Cavitv iso-

lation is not effective since thc substuces used are semipeimeable and

panly solubte lo'Brien ud Rvse, 1978) .nd thev can onlv delav misra-

tion of metal ions-

Maximum Permissible Concentrations ol Hg
It is obvious that a load o{ mercury in addition to that which ve get

from tood is undesirable ard must have consequences for the gencral he'

alth oI the population However, the main questioD is: 3re the rcleased

amou:rts o{ Ug ftom amalgam sufficient to cause poisonins? The MPC'

value (Maximum permissible conc€nüationl m ildustry D most couilt-

des is 50 miclograms/mr. This will Probblv soon be rcduced to 25 mi

crogams/rd. The value refers to exposwe I h/dav, 5 davs/week The So'

viJuaion ard switzerland have l0 micrograms/rd- soviet studies show

biological efJects even at a few micrograms/d (Trachtenbers 19741 and
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this author consideß that all concentrations of Dercury ee too high. The
USSR has also a limit for continuous exposure Uivins quanersl of b..: mi-
cro$rmld. I do not know if the Soviet limits aje followed in practicc.
Stock (1928j arrived at Iimits lor toxic e{fects by mercury which werc ir
close agreement wirh rtre Sovier oneh. From Trachtenb€!8 s book ir is
quite clear that the reipect for Hg i[ the Soviet Union is a direcr conse_
quence of the papeß published by Stock, I 926 _ 36.

When one discusses thc tonc e{fects of mercury from aüulsrn, one
mr tt consider that people *e indiscrimirutely exposed: h$lthy and
siclg strons ald wea}, childr€n and adulrs, fenile Dd pregmt womo.
According to Americar sFecotosists, fertile women shoutd rlot be expo
sed to vapor levels hisher thü r0 microsrams/nn md pregmt women
not to any raised levels at all (Koos ad Lon8o, t9701. H8 vapor rapidly
passes over to the unbom child and (a cause d@8e, especially duing
the e3dy phase of pregnancy. Hg is also €xcreted in milk duitns lactatjon.
teoale deDrisrs snd detrral rsrrsurts are especially ar Ask. ,lI typts of
mercury cause genetic d"ma8e (Veßchaeve et at., 1976), are strongiy im-
munotoxic lKoller, 1980) and ilduce mtibiotic resistnce in bacted,
(Williams, l97l ). Hg vapor which enters the nose (from aJnalgam düing
exhalationl passes rapidly to the brain and can be found in the otfactory
lobe and träct, rhe piruitary gländ and adiacent aies anrl has strone ef-
tects lstock, t935J. It is also obvious rhat a peßon cff be exposed to ner-
cury ftom many sourc€s: dental anratgm, food lespecially fishJ, paints,
city dust, medicines, broken thermometers, work etc. Stöfen ll 9741 has
also point€d out that lead and mercury will have slDerSistic effects. This
is also true for a number of other toxic substmces Dd physiolosical
stess lactors i.e. temperature cxtremes, vibations md elecrrcmameric

Mercury must b€ vi€wed as ar extremely dangerous metäl poison,
especialy considering its high vapor pr€ssure, odorlessess, invisibitiry
las vapor) and long haü-rime in the brain, I 8 - 22 ysrs {or the stowesr
component {Sugita, 1978). The Hs leveis in rcspned aü, megsued bv
Srock ( l9J9rl ,  Cay er aj .  t l970Jrd Svue er at.  {198r I  are qure )uluuetrr
to Foduce slrnptoms of Hg poisonins. In sensirive individuals and espe
cially lter combination of different metats the effects can bc nuch more
severe (Stock, 1928, HugSins, 1982a and Dany othe$).

In a study on mer€ury h blood of Eental patients, elevared levels
were found ir a number of cases especially mong depessed patienrs ud
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oatienrswi!h sevcral menrrl s)'rnP(oms tGoEdvand Demers l9T8) Tbe-

." 
'..ms 

to be n" rer"o-ble souce lor the mercurv orher tha' the amal-

eam fillinss sitce all patrents Lv€d under similartunditioDs The äutboß

änsider )0 ng,gas a l im,t  ro '  normrl  l (vels Levelsorer7-8ndginö-

cat€ a recent significant exposure (Stock and Cucuel, 1934) and that was

also the general level among the other mental patients'

lnorganic and Organic Mercury
A @mpan5on ol Jre roxicrtv ol dilterenr rvpet oL mercurv +ohs

that swallowed methvlmercurv and itbaled inorsDic vapor are the most

toxic forms and comparable in toxicitv The differenc€ conc€ms mainlv

the distdbution in various tissues Both fons pass easilv through mem'

brancs whereas ionized inorsanic mercüry sticks in membranes and the-

rc corsulares frortins I !sbpor( of ne(essar) 'ubtrmce5 ovet the bloud

r'-'" U,rne' is d.l'rub"d and unsnecLfrc leaLase i5 enlanced {st(inwrll,
19681. A simiiar situation must exist in the placerta. Swallowed inorga-

nic Hg salts are absorbed to 15 percent with large individüal variations

18 - 25 perceDt) Rahoola et al. 1973): Methvhnercury is almost comple-

tely absorbed in the intestines.

It is well known that metallic mercurv in larse drops gen€rdlv can

be swalowed without harm {= obvious svmptoms of poisonins) The ab-

seDce of effccts is iust because it is in tle form of larse drops However,

deaths and severe poisoninSs have bappened alter swallowirs metallic

mercury. The larser the surfrce area, the more will be vaporized 
'!d 

3b-

sorhed lstock. 19261. Powdered aEalgam fron dJilling and sriEdirg
should become very effectively ionized in the acid €nviroDment ot the

.(omach. suArisrngly, üre matrer bas nelet b(b i'!e'ri8lted e\pdr

mentally. Sw;Iowed, pe.a-sized amalsam pieces give a Hg peat in üe

üine iD the lollowins days (rrykholrt 1957) I]lllaled amalsam dust is el'

fectively absorbed lcutdght et al , 1973 )- Exposed rats will, within mjnu-

tes have 81 times higher Hg levels in the heirt and the brai! level reaches

its peak after 16 hours

It is completely wrong to equate uriiary excrction of Hg witn the

amoüt which has becn Siven ofl ftom the amlSam, a lact which has

been knoun {or sO years lFleischmann, I 9281. This is alwavs disresarded

in investisations hom dental institutions lFrykhoLn, 1957, Schneider,

197 7 ). Tracer studies have shown how a swatlowed or inlated dose of Hg

is excreted ald how Duch is retahed. Accordins to Rahoola et ar' {19731
a mean ot 0.17 percent lrange 005 038 percentl ß excret€d froD a
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swallowed dose into the wine within the fißt 4 - 5 days. With ,n iDte-
stinäl uptake of 8 -25 percent the value for uriDry Hs bes to be multl
plied by about 100 to obtain the absorbed dos€. The urinary excretion 3J-
ter inhalation of radioactive Hg amounts to 2.4 perc€nt lrän8e l 9 3.0
percentl of absorb€d dose dudnS the first week äJter exposüe lchenar et
al., r 9781. Schftidei 11977) m€asured a m€m of 30 miclosßms (max. 8s )
excreted in urine aJter inseftion of 1 .8 - 2 8 of silver amatgam n the
teeth of 26 pat;eEts. Phosphate cement isolation was used md fish fmd
avoided. The test persons hav€ obviously absorbed milligram amounts of
mercury. A similar pattem of winary exsetioD alter amalgaD placment
was Iound by FryknolB ll 957). Fryl}lolm's conclusion wss that since the
mercu-ry was excreted there was no risk for poisoninS. Blood and uriDry
Ievels of Hg will give üo iilomation on the aeumükted body burden of
Hs.

Biological Effects
Investigations 1926 - 36 gave a very cled picture of mercury intoxi_

catioü, both ftom anulgam and ftom industrial sources lstock 1936,
-Z$gger, 1930, Fleischminrl, 19281. The €lrly symptoms of cbronic mei
curialism are largely subtective ard mental: tiredDess, ,,difficulty in get-
ting up in the momin8s", reduced energy and disposition for intelectual
work, inner unrest (what we today would call trpe A behavio4, depr€s
sio4 irritabilit, shyness, loss of memory lmainly shon-them meDrory).
Subsequently more objective somati€ s).rrptoms appear in chronic mer
cudalism: increäsed salivatioD, chonic catarrhs in the nose and üpper
airways, inflammations ir the onl mucosa, easily bleeding ginsiva, tem
porary loosening of teedt ,,nervous herrt", distürb€d digestioD, toss of
appetite, sudden diärheas, slisht intestiEl bleeding and pains, skin ma-
dJestations (eczema, dermatitis, uticärial, hering difficulties, cbnses
in vision ldim or doubl€ vision), speech ad wdtitrs difficulties. Sudden
changes in the condition without obvious reason is twical (Stock,
r 926 - 391. Many additional symptoEs were noted already by Stek and
Fleischmann or have later been added: lrmphocytosis, polynewopath,
joint pains, sexual disturbarc€s, fetal &mage, tht'roid charges, elevated
cholesterol, incre$ed eries frequenc, elevated 8eleral susc€ptibility to
rhsease and inaeased monality (Stoc4 1928, Fleischmaffr, 1928) Ttach-
tenb€r& 1974; Huggins, 1982 a, bl. Individual variatioDs ,re co$iderable.
Each one is }ut at hs wakest pornt. The symptoms are very common in
the civilized world but so ar€ amalgam fillin8s. There is Fobably no ot-



her poison besides Hg which affects so many physiologiel Focess€s.
There are atso close similariries in tle effects of inorsadc Hs and Dethyl
melcury although movement disorden and consüiction of the visual
Iield are prominent but not general e(ects of methyl Hg lconJdence
Iraq). At the ultrastructüal level both forms h3ve ideDtical effects lcal-
lagher et a1.,) 1982 and n has b€en discussed whether the toxic effecrs of
methyl ik lJe caused by inoryanic H& produced by demethylarion {la
cobs et al., 1975) md dlat the methyl Sroup mainly affects tlle distribu-
tion of the metal. Also the reverse process, methylarion by hrhan inte
stirul bacteria has been found lRowland et al., l97s)and persons exposed
to onty inorganic Hg also obtain elevat€d levels of methyl H8, atso den
tists lcross et al.. 19781.

Curent research shows thar inorgdic Hg is takm up by nerve en
dings and is trDsported towards the centrat nmous system lretrosade
axonal transponJ. L€ad {BrJua]l er al., I 98I ) ard ThatliM lActa physiol.
Scand. in pr.ssl behave ir the same way. wlether mercury rrüspon
from the nasal mucosa to the brain occüs in nerves or in btood vessels
will be studied. This pathway misht ,lso be importdt for otler substm-
ces like sotveDts änd retraethytlead.

Diagnosis and Therapy
Nobody has as yet fourd a way to measüe the body burdeD of mer

cury in living huDans. The symptoms described by Stock and chanses in
thyroid dnd heart tundion ä!d blood chemistry are fairly consistent fea-
tures of chronic mercuJiaiisn. Iurther indications are a susoected eno-

"un 
1, ,d, , ,crer.ed lc!els of  Ha in 'he uDe Normal hwts fär  non expo

sed people lrho have never had ualsam fillinss is 0.5 2 microgac/
day istock Dd Cucuel, 1934). Peals in uiDry Hg can appa alter eatins
cetain food. Retiable values caD only be obtained after measuing Hr D
total urine for four to five consecutive days lBorinsk, t93r). Even then a
Iack of rk in the urine is no proof for the absence of mercury poisotrirls
since excretion can be blocked (Zan$er, 1930). Udna./ Iev€ls of 10 mi.
crograms/day for a few üys is a strong indicarion for an ,,u'I)aturat,, Hg
supply ard should lead to futher investigation to fhd the source, whet
her it is amalsam or a btuken thermometer. It is arso possible ro see iI
thcre is än increase in uJinary o.uput of tIg alter givhg acetylpenicilla-
mine or a lfise dose of vitamin C.

Measurements of electric cüents produced by the fillings are diffr
cult iI they are to give my usetul hformation. Lain and Coushron {1936)
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could IIot rclate the crirrents to the severity of rhe s'rnptoms_ They ascri-
bed it to dilficultier in measuring with sif{ici€nt accuracy. Schriever ard
Dirmond 11952)showed tbat only a {ew, well situated fillilss wer€ acces
sible to measurements but wamed of the hish currents which were pro-
duced wheD rwo fillmSb ire'e m conucr. Hg vrpor m
haled air are usetul and were advocated by Stock 11939a1. They have been
t*en üp by Huggins lr982bl. The matu soüces of vapor ould probably
be located by successively covering the fillinss with lacqu€r.

ßlood Hg levels ae only elevated a{ter a recent, largc *posure or aJ
ter a long industrial exposure. The levels rapidly falt back ro norrEl
15 - 8 D&ig) Stock lld Cucuel, 1934, Cheri"n et al., 19781. Blood tests as
described by Huggins {1982 a, b) s€em to be a hetter altemative. WheD fil-
lings äre removed there should be a sufici€ntly powertut aii suction to
protect both the patient and the dentisr. The patient should also avoid
swallowing amalsam powder or pieces. Open vouds in the orat cavity
should be Fotected ftom amalsam powder. The patienr can, in advalce,
protect himself by supplemenring his diet with viramins, especially B, C
ud E. Selenium might also be helpiul in areas vhich sive s tow suppiy
like swedm.

Composite plastics, beins far from ideal, have in practice proved to
be the best altematives to amalgo. Adve$e re3ctions are oft€l caused
by the mercury released ftom fillings, reeth and jawbone düng the ex-
chrnge. High carat 8o1d is durable but will t3le up Hs from matsam fil
lillgs iJ both metals are simultaneously pEsert in rhe mouth, also wi-
thout contact with each oth€r lstcL 1928). They misht also take up Hg
from the saiiva which is a sesetion pathway {or H8 (loselow and Cold-
water, 1968j. Some patients also b€come ht"ersensitive to nost m€tals
,nd ca]! react to traces of mercury, especially vapor in the nose, coppet
gol4 aluminium, cbromium, nickel. The hpersensitivity very slowly
subsides aJter the smalgam has be€n t3ken our. It seems a lot safer to
cooplet€ly avoid metals in the mouth.

Allergy to mercury is ofteD not testable oD rhe skin. A patch test
miSht show nothrng at tle application site but c@ema co rde üp ar an-
other part of the body. Irnmue reactions in the blood are the li6t reac-
tions after exposure to mercury lTrachrenber& 1974, Hussins, 1982 a, bl.
A peßon cän be extrcmely sensitive to inhaled Hg witlout showing a po-
sitive skin reaction (Stock, 1936). lI the H8 comes to the skin froü the
circulation severe dematitis cü oc.ur. Adodllia pibl< disease-was
common vrhen Hg'coDtainhg baby powders were used. rmd erbrsies of
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auroünmune rt?e de not visible fiom the outside. They occu when
p.otens bind Hg {or orher m€tals). The immue system will rhen not re,
coxnrz( rhe p'orejn and r€3Lr. Mffv man,fe\tarion. or FIS poi$nDg hJve
oDvrnus uTrnüotogrcal crrmponenr\. lr rs rt\o known ürt auroirlmune

fl).i::: :- 
be cricired r) meft ury. Le. mvrslheDia srJyis rKmunran,

rsi , al^o_rLtulunp re4.rionq row4ds krdne) os\u( re known tKetchnerer fl.. re/6r. 5rnc( H8 cr büd Lo rhous,nds ot drrferenr proreD) atrd
each indlvidual has an uDique immue system, the many ad vdiabte
man s(arrm^\ ui mdcury porromS are nur surplsrng. dohrver, rhose
oe\crrb(r bv 5roct lts.)81 rrc rhc mo"L connr"!.

The majority of peopte misht have sufücimt resisrance to Hs to have
amalgam wirhout becamDg sedously itl. However, mercury kills cells
whrch rrenor renewed, ejpc. LeUy nervr ceU\. rhe,e cethue Lhc one. qe
wr rr neüd tard m tiJe d\ a re\rrue No d(nr i.r cs Suardre( rhrr rbe pd
tientvill not come to ham1. It must also be pomred out that th€ other
mehls D amalSam are not hamtess either. Tin poisoning ftom camed
food is wdl knovn. Tin is partty tnnsformed Dto orsadc compounds in
tile envrorment just ld<e Ftg Dd thde is a distinct possibilitt that the
same wil) happen m rhe hulnm bodv. OrsdoLin compounds de c re

rr$na. r  inever\ ib le8re) di .cütorauon or Lhe
sKn. I n( po\rbrt 

' 
ot,.inr,,r Jrgla rr" häs nor been mve"uSJred. Srtv<r

nrno5 extrcmel!  \ r rondty Lu prorcms 4d is u\ed rn üe mo.r  seD. iuve
protein stain availrble and also to stain neNe cells.

We are extosed t(j ,n increasinS load of toxic subsraDces fuom the en,
vronment. Th€ irtemal contribution from amalSam is the one which is
$srest to avoid_.Thr Iact that amalgam has been used for over I 00 yeds
ß Do ärgument for hannlcssness. Thc same can be said for asbestos md
many other haardous substmces. The most surprisirg fact, however, is
that clentists want to work with a material which constitutes a great risk
to themseives, their persornel md patienrs.

l * rq !*  RAsOOl.  C.C, BRADLI y.W.c.edMUNSAI 1.rKetrotJde Tr$spon uf Ledd rn RJI s.LrUL Nerve, \eurol .  JI ,  612. t98t.

99ll)5{r.^P: :D:e 
He*udr Jes eue.k,rbe,. D Jetr Au*.h(,dusco.

Z..mnarztl. Rundschäü 40.429 t9,
BRECHT-BERCEN, N.: Konosionsute6uchunaen d znn Silber
Amalgamen. Z. ElectrocheDie 39, 927, 1933.
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