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Ah.·tr IC'f , Then ercury conc.entratio·n ~1, blood (HgB) and urine (HglJ) samples~ ~1nd in e .haled air (HgAir) \Vere measured 
in 147 individual· r m an urban N r,vegian population~ Llsing col I vapour alnrnjc ab ·orption spectrometry. The sludy 

.... aimed Lo es.tim"' te th - ·mercury expo ure from lhe dental restorations,, by correlating he data o Lhe presenc _ of malgam 
r ~l Hal.ions. Mean values \YCfl; HgB = ~4.8 nmol/]~ HgU - 17.5 nmol/l and Hgl\ir=0.8 µg / mi. HgU correlated 'With 
HgAfr~ and both HgU and Hg.A.ir \Vith the number of an1algam restorations~ amal am re. tored ur aces and arnalgam 
restored occlusal surfaces. HgB sho"~ed poor correlation l() H glJ · nd. f-[gAir and Lhc presenc t f an1al · am r s.torations. 
A differentiation of the mercury absor · tjon due to exposure fl"om dental amalgarns and from rhe dJetary 1ntakc~ necesfiiitates 
n1easuren1enls oi both organi · and inorganic 1n rcury in the plasn1a .. a11d in he erythrocytes. The re ·ults suggest that 
individuals \1/1th n1any amalgam reslora ion", i.e., n-1ore than 36 restored surfaces~ i::I bsorb 10 12 µg· Hg/ day. 

n order to estimate the i1npact of the exposure to 1nercury 
in the environment on general health it i necessary to 
identify, characterize and quantify ;_ II contnbui!ng ource T 

One po .entiaJ source 1u1ve been sho,vn to be the degradation 
of dental restoration~ m· de from. amalgam (Brune & Evje 
] 985). Dental amal.ga1n~ consi "l cf approxinu1,lety 45- 50(~/o 
rr1.ercury 25 35ui~ liver, 2- 301/c-, copper and J S-30°;;. tin (Phil-· 
lips l 986) . Various strategi .s have been used to esthnale 
the -xpo'" ure levels of mercury from a,nalgan1 re toration ~ 

based on in 1..titro c pcri1ncnt · (Brune & Evj 1985: Oka he 
I 987~ ·Marek 1989)~ or measurements in exhaled air- or in 
intrao al air ( av et ol, 1979· V1mv & Lor. cheider 1990: ... .. 
Berglund 1990). sli1natjo11s have a]so been made rrom 
mea ure1nents of 111.crcury levels in the urine (_Frykholm 

I 957~ Olstad et al~ l 987)~ b]ood (Krlincke et al. 1980; Abrah
an1 et al. 1984)~ plasma {Molin 1990), or saliva (Ott et al. 

1984). Fe\\· of hese st udie report the ·mercury concen
trations in both blood and urine or exhaled or intraoral 
air ~ ampl.es, and the estimate of the daily contribution of 
n1.ere-ury fron1 an1a!gan1 restoration are contradictor ry. 

The present study ahned to asse, :s the mercury cont'"nts 

in blood and urine~ cs wen a ihe n1ercury arnounts in 
xhaled air in a segn1ent from an u ban No:r,vegian popula

lion. A further ai n Vr'a . to _ st.imate the mercury exposure 
from the d nta'l re toration . by correla ing these data to 

the p esence of ama I gum restorations. 

1\1aterials and J\'Jethods 

The prese1 I ·tu(~Y vvas a sub-study of a ]arg .r investigation n 
envir nm,ental exp,osure to contaminants fro1n traffic in an ar~a 
\;i;..•i thin ()slo~ -Nor-way ( k 1cli-Am, ! 991 ). 10ne hundred and sixty
t~·o ind~vidual , randomly chosen from cohorts. o -rhe larger ma~ 
teri al, \Vere in ·'ited to participr1te in the present study. After a ·written 
cons""nt. ea.ch partkipa t ·isit~d a ~entral c]jnic for a seri .s of tests. 
The group fi 1ally consisted of 147 individual:. \\-'1th ages ranging 
rrom - 87 years fn1edian - 33 years), Nin ty-four of the participants 
"63 9 IJ/ ) ,f' ! 

( L • • ,, o were 1 e1na. tes. 

The conseJ t permitted o:ne . f the a uthon; t, ohtamn dat on the 
dental ·talus from their o,~·n d ntLqt~. The dental . ,tatu~ ,vas a~s~.~sed 
in mo ··t ~ases on the basi.s of X-ray~ and the patient' record. This 
moJ~ or a ·se sment was. often not possi hie for a variety of reasons. 
The preV'1iUng rea.so11 was a lack of r1.;;gular attendance at a particu
lar dtmta] pnu.;tice. Therefore the participants. \Vith no data avail
able fr m lhtir dC;!nlal rec rd w·ere invi-ned to be exan1ined .n a 
university der ,tal dinic,;. The examination \~.:as made by a experie 
enccd "'linician using a dental rnirror and a probe. Recordings \\1ere 
n1ade of 1he total numb~r of amalga1n re ·toranion ·5 the number of 
an1algatn resto red too h 8Urface;s and the number of a.n1algatn re
stored ocdusal surf ace . No inforn1a ion "va a vailabie on the posse 
ible prior presence of a1nalgam or the adult participa.nts dth no 
a111algan1 r storati ns. No attempt \,'i,a:i rnau~ lo 4uaJitati·vely s,i;;ore 
Lhe restora tlons by tarnfa.h, porosities t r 111 arginal degradatlon. 

Rlood samp]es were collected f1'0111 the cubital vein in vacutainer 
ube~. te ted rree of n1ercu ry contan1inatio11 < 1 ntnol l1g/ l, witb 

heparin a. an tic agu ]ant. The total. blood 111ercu.ry oncentra'liofl 
( Hg B) was. determined after h-en1o[yzatio11. 

Urine was collected in polystyrene bottles. The par'licipants pro
vided morning udne . amples .. to reduce the effect of daily fl.uctu
ation of excreted mercury (Piotro\.V k~ 1975). All ._ ample were re
Irigeraled t - 4··; and kepl e-ool until analysis. The HglJ \•Vas <leter
rr1ined by .old vapour atomic absorption spectrometry (Ebbestad 
[ 97 5)~ applying a n1.odHied LDC mercur · monilor model I ')05. The 
tlele(.;1ion lhrut is 0.5 nmo]/1. and the precision of Lhe n1ethod is 
..... CY'.'1:, R .S.D at the ~O nmot Hg/I fo.vel. HgB wa. determined after 
· -n·itrit: /perchJori acid digestion of the, a1np] s. The de;:t ct ion Hm.i t. 
for mercury in whole. blood is inostly dependent on the mc·rcury 
content of the ac.;ids. Througllout this tudy the detection Jirnit of 
lhe 1ncthod \~'a. k pt bd w 2 nmol/1 blood. AU sa1np]es '\\1ere 
na]yzed in dupltcate. (.)uality assurance n1aterials from Nycomed, 

Nonvay (Serononn Trace Eh:me-ol \Vhole 'Blood and Urine) ·,vere 
u ed a.s control samples, The mer4,;ury c:oncent rations found in these 
n1aterials was jn good agrcem n \¥1th the producer certi 1cat 
( within _ 5%). HgU ,,~as al. o adju •,tee.I for urine now rate, by 
relating the vaJ ue to the creatinine conct=ntration:s. 

The puhno 1ary air san1pJ s ,.vere Cl llected. after th~ folJow·· ng 
procedure; N orrn.a] brealhing was pert )rmed lor severa] :rninute · 
before a de.ep breath. A ftcr holding th~ r th for 20 sec. .' bout 
half was b]o\vn out through the mouth, and 1he rern· ining air blo\vn 
into a 3 1 plastic air bag. The air bag consisted of an opening v<! lve~ 
into ,vhich a cardboard n"louth- piece ,,,...as inserted, hL procedure 
ensure~ the expiration of intraoraL air first, followed by pulmonary 
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air ,vhich wa coUected in th · plastic bag. -rhe air 5a lt: ,v· ~ ana
lyzed for m.ercu.ry (HgAjf) inunediately ·;l.fter a lnpling., using the 

[JC' monitor. One air amp t! w" s m-ea 'Ured lrom each patient 
u in2 a contin, u:· ai t7o -~-· of 300 nil l mi:n. through the l ,DC 1noni-

~ ~ 

tor. Th · dct~ction li·mit ;vas 0.1 ~Lg / I with a SC % variana= ·tnJ "'Vi, 
preci ion at this level CaHbr'1tion ,,,a. made aga-ins1 air tandards 
containing known a1nounts of incrcury vap ur. 

·or.rclatio:t1s bcnveen the varia1 I s \.Vere C( mputed usin~ Pear -on 
orrelation coeffici.ents. he corrclatjon coefficients. between HgU. 
J gB and 1-lgi\ir versus. the pat ticipants ' age and atnount of denta1 

ama]gam ,vere comp1ned both vvithout and Vilith subgroupin.~ the 
·alue . Initial exan1jna.tions of 'Catterp]ot - of the <lat sho,;ved that 
the rela .ion.ships between the amount of amalgan1 versus HgU and 
H gAir ,vere non-linear. Furthennore., the Vetri -nee of the resjd uals 
tlecreasetl \vilh less amo 1n o amalgam .. i.e. there was an jnhomog
enej Ly of he var+ nee. The correlations bet\veen the Hg value ~ 
g nd r, acre and the am un L o f' ·imalga111 v-r ·. therefore also esti-
1n·- ted. in am ultiple line~ r regre ·!'}ion model..~• rter log transf on11ation 
of the H values. How·ever~ no regTe :s"ion mode] '. for the Hg levels 
w :re mad . fr rn. the data record d i-n the pre~ n'L study. The v·ll 1e 

of such models ;vould be H·m11 d due to the lack · f recording 
important fa tor affecting the I-Jg rel.ease ~rom amalgam e.g. he 
age and quality of the re. toration., th ir technical 4.uahty, presence 
of other meta]s and other cnviron1nental condition~ intra-ora]~y, a.s 
wdl as other \··.aria bles such c. .s s.moking, frcque.ncy of fish tne:al~ 
and u e of tnedica tion. 

The dental statu ,1vas recorded in 115 p rticipants, while 
~2 failed to report the nan1'e ) Lheir den i ~t and did not 
atten<l the de1 tal exan1ination~ The dental amalgan1 re· tora
tions varied between 0-69 resto:r d snrfa.ces (media-i = 24) .. 
0- 20 restored occlu al surface-s (median = 10). and 0--29 res
toration ( 1ned·ian = l 1 ). T\venty-two participant ( 19 .1 r~lo-) 

did not have any a1nalgan re orations. 
Blo d assay \.v,ere ubmittcd fron1 l 33 individuals~ 

;,, 

Samples wcr<l~ not received f rorn the young children ( n ~ 5)" 

and from 9 adult un \.Vfl I ing to participa· .e in the blood 
san1pJing. The l lgB conce, 'trations va.ded between 3 and 71 
nmol /1., Vid.th rnean Hg B -= .~4. nmoJ / 1 (sd = 11. 8. 1nedian = 
23 nmol / I) ( fig. 1 J. U tine samples were analyzed for all the 
participants, exeep in one case due to a breakage of the 
plastic container (n = l 46). The· HgU · aJue varied between 
2 and 80 nn1.ol/ I, •vvith mean t-lgU = 17 .5 runol / 1 (sd = 16 
-rncdia.n= · J nmol /1) (fig. ']J. Hg.A..ir Scn1ple· \Vere received 
from all 14 7 participant,,. The HgAir varied fl 0111 an1ounts 

at he detec ·.ion limit of 0.1 µg/111 up to 9.8 ~tg/ m>. The 
mean 1-fgAir \Vas 0.8 ,~1g/ n13 ( sd - I. 3, median = OT3 µg / m·) 

(fig. l). 
The frequency distribution curve for 1he HgB value ·_ ( fig~ 

I), having a gaussian tike shape; differed. from th negative 
. kewness of the dis ributions of Hg and Hgall\.i.r values. 
Furthermore, the HgB values failed to correlate \.Yith lhe 
Hglf v.a1ues1 and correlated. only slightly ,;v1th the HgAir 

~oncenlration ( able -. Rela.t.ive]y good correlations \Vere 

obtaine belvveen the HgU. the HgAir values. 
The correlation coefficjents bet,veen the different ind.ice~ 

of the amount of dental a1nalgam and Hgl J, Hg·B and rlgAir 
varied only s]ight]y (table I ) .. R ecalculating the- correlaoon 
coefficients after subgrouping th participants according to 
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Fig. I. The rrequency distribution of the 111.~rcury c-oncet tration · in 
urine sampl s (Hglf) (n - 146) (upper panel), \vho~ b~ood samples 
(HgB) (n = 133) (n1idd]e panel), and 1111 exhalt;d pulmonary a.fr 
sample ' (HgAir) (n - 147) (lo\.ver panel) from. habitants of Oslo. Ne 
adj u 'tment has been 1nade for th · c1·catinine content or the pedfic 
gtavit or the urine sample. 

the amou nt of amalgam yielded a.pproximately the sarne 
c rrel aUon '.:oe'll1cients~ \'llith no chang ·s of the pro babiHtie.;,. 

ig. 2 show·. a catterplot of the Hg concentrations for 
aU the· participdnts, \vhilc fig. 3 .iIIustrates th average con
centrations ,vithjn 4 groups categorized according to the 
nun1be:r of su rface~. restored by a1nalgam. Adjusting the 
Hg - values \vith lhe creatinine concentration did not influ
ence th ove.ra]l mean or frequency di ·tribution of the HgU 
values+ Nor did the crea't.inine-adjusted Hg values influ 
ence the correlation coefficient. e _t.:epl identifying a poss-
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·.able 1. 

Cross-correlalion betw·een the dependent and independen variable ·. Co relation calculated b · Pears-on's linea.r correlation index.~ Llsing the 
individual values. Pro ha bili lies calculated y Stud en l.t)' 1-t.e · t! one Lai led ~ig · h ~ance. 

Merc.ury 1n Number of amalgam restorations 

nn. 

Blood 

Air 

unnc blood 

0.086 
P=0.164 

0.369 
P < 0.001 

0.159 
P = 0.O3 · 

TotaJ 
surfn cs 

0 . .549 
P< 0.00 l 

0.188 
P=U.027 

0.422 
P < 0.001 

iblc effect of g_cnder. Thercf ore, only the unadjusted I-IgU 
value 1vv re u ed in the tati .jcs. 

he HgB values increa ·ed slighdy Vlith ·nc,reasing 
a1nounts of amalgam, a seen on the scatt!crplot (fig. 2), and 
on the rnean •alues after suhgrouping the participants (fig. 

~ ). The corre]ation coefficients vi.iere i 1 bo· h cases relatively 
lo\.v. No differences \\'ere obtained \vi th regard to g •. nder or 

age (P > 0.05) (table I). 
The Jig . value, correlated wilh the thre·e i 1dices of the. 

amount of amalgam and with the participants' age 

(P < 0.00 l JT Lo\\!er HgU va:~ ue~ \Vere generally round · n1ong. 
the old.es participants~ con1pared to the others, irrespective 
of the atnount of amalga·m (fig. 4). The total variance ex
plained by a n1ultivariate analysi·" u ·ing gender, age and 
number of · estored surfaces in the model ,vas R 2 = 363/n. i\. 
log-transformation of the Hg· values and using 1.he same 
n1odel increased the R2 to 471¼. pproximately the sa1ne 
R ~ value · were obtruned when using th .· mea.n va]ue of 

· ubgroups in tead of the individual HgU values. 
The g ir in the puhnonary air samples correlated to 

the amount of arnalgarn (P < 0.00 l). A Vleak correlation was ..... 

also seen to age. Gender did not see·m to intluence the HgAi:r 
conce. □tratjun (table J ). The total variance explained by a 
multi vari · 1te analys.i · us·ing gender age and number of re-
. tored surf ace in the m del \Vas R .. 2 = 2oc1/o. A log-transfor-· 

1nation o., the HgAir values and using the same model, 
increased the R 2 to J9°/4L When using the mean value or 
· uhgrou.p .· in ·t.ead 1 r he individual J lgAir values the R -
increased fu rthe to 41 4 /o. 

Discussion 

The dental tatu of the participanl in the present study 
c.· n be considered representative for the dentaI health of 
urban ·Nor,vegian:s (Bjertness I· 90). Al o the HgLT and l gB 
va·lues co1 pare ,,veU o the data fron1 the fev,, previouSi 
demographic .. tudies, on the HrrU (Lie ]980) and HgB (Ma
thiesen 1980· Syversen l 98_) amounts it non-occupationaHy 
expo ·ed Nor~'egians. There are no p eviou· report i0n 
mea urem.ents of the mercury concentrations in pulmonary 
air samples in a o ◄wegian population. 

The differences in correlation bet\veen the different meas.-

Occlusa.~ Resto-
"urfaces radons Ag Gender 

0 .56] 0.524 ·-0.327 -0.172 
P < 0.00J P <0.001 P -- 0.001 P = 0.019 

0.127 OJ65 0.084 0.043 
P=0.098 P=0.046 P=O, 168 P=OJ.rl 

0.389 0.397 - 0.159 -0.132 
P < 0.001 P < 0.001 P =0.028 P = 0.056 

ures of 'lhe amount of amalgrun and th mercury concen
trations in urine, blood and air ·were · ot 1~1 --ge. This :i · in 
accordance \\,ith previous studie · (Berglund l 980; Zander 
et al. 1990; Akesson et al. l99.I). 

The vihole blood 1 ercury conce111ralion we e ·insignifi
cantly infl Lenced by the number of amalgam r . st orations. 
Our data thus ·. upport the the.ory that the \vhole bJood mer

cury reflect ingested n ethyl mercury (MeHg), rather ti an ·n,
o ·ganjc mer,cury (Birke et al. 1972; Skerfvlng 1974). Further

more in a recent study it is sho,vn · hat the 1najor pRrt of 
L JtaJ n1ercury in non ... occupationally exposed Nor,vegians is 
present as methyl mercury (Bul ·l<a et al. 199_), This interpre
tation i'"' in accordance ,vith the majority of previou -reports 
(Kroncke et al. 1980; Ot _ et al. 1984), but conflicts ,vith t\vo 

other reports (A.braham et al. I 984~ Patterso11 et al 1985) 
The reason 1nay be due 'lo the differences in an·tlytical lech
n1que· or estimation procedures, a well a. the lt e of rela
tively smaU samples. in the tudie . Moreover! lai.:k of control 
of other potential n1ercury sources may have biased the re
sults, e.g. dietary intake~ smoking1 chewing habits, 1nedi
cation., and alcoh I . onsumption. On the other hand~ our av ... 
erage difference of6 runol/J bet\\7een the amalgam-free group 
and the group with exten ive amalgatn restorations (fig. 3) 
compares well \.vith the data of Abrahan1 et al. ( 1984) and 
Snapp (_1989). Furthermore. plasma mercury has been re
ported to correlate \vith the 1,urnber of a1nalgan1 sutfaces 
(Molin 19gQ) Apparently, MeHg, which i · malnly locat din 

the erythrocytes, is hjgh enough to ca111ouflage the fluctu

ations of inorganic n1ercury in plasina in the whole blood 
anaJy 'es (Bulska et al. J 992)~ The results thus indicate that in 
order to d iffi rentiate the exposure from dental amalgam .. and 
food ~ eparate n1easurements of tlie organic and inorganic 
mercury should be made 1n plasma and in the erythrocyte . 

Th.e u1inary mercury value\ on the other hand, correlated 
to the an1ount of an1algatn) \¥hich is consistent ,.vith previous 
reports (Olstad et al. [ 987; lokstad 1987), Occupational 
HgU exposure i .' reflected by increased urinary mercury 
levels:; when assessed on a group basis C kerfv1ng & Berlin 
1985). The Jecommended upper limit of the Hgv content in 
an occupat · ona] atmosphere, (25 µg / m3 VlHO ~ tudy group 
1980)~ imply an average individual uptake o · about l 00 
µg/day (Aasetb & Barregard 1989). As faecal and urinary 

'" 
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Fig. -__ Scatterplot or lhe n'lercury {;oncentrations in urine (l-Jgl)). 
\:\1hole blood , HgB) ·ind u puln1onar)• air sa1npJ.es · l-Jg.A.ir) s. a 
fu.ncti n . f Uie ·1 u111ber )f dental amaJ.gmn restored surfaces. 

excretion of mercury after exposure to l-Ig1 arc of the same 
n1agnitude, his exposure corr sponds to a urinary excretion 
of about 50 µg/ day,. or approxin _ateJy 50 µg/ I (Zander ,et 
al .. l 990 · .. In the pre >ent study. ·he rnean Hg . excretion in 
the group wi h 111any restoration ,Na 6 µg/1~ i.e. 1_(1/0 of 
the value reflecting I he e tim,ited upper health-based [mit. 
· ovrever. the I gU vahJes in the present study sho\ved large 
variations, possibly due to diff rent;es, in excretion kinetics 

nmo.l/1 
50 

. 9 
ug/m 

40 ~----+-------+-----4t-------

30 

20 

0 ;& . 
-

HgA HgU 
Wi O (nc::22) 
II 21-36(n=30) 

~ 1-20{n:30) 
■ 36- 69(n- 30l 

Fig . .., _ lv1ea:n mercury values in urine (Hg 1 1):- ,:vho~c blood (HgB) 
.and puhnonar r afr :samples (HgAir) fron1 four ubgroups. G-roup 
I is th . mean r 22 p· rtici1 ants without an1a.lga111 restorations. 
Group. 2- 4 are equa]ly . ized. and ho\v the n1ean va1ues of the 
partidpants v,t~th '1malgan1 restorations~ grouped .according to the 
number of dental ama1gaJn restored ~urfaoes. . he vertical bars 
epr-escnt the. standard. deviatiot1 ·. 

(Zander "' al. 1990). 1 _ov,lever, j1 i also theoretically poSi
si ble that. ome of these variation are due to differetll 
patterns of tooth grinding and thc:1t e tensive bruxis111 1nay 

deer a e the safety ratio ( SalJsten et al. 1991 )~ 
The low HgU concentrations fro111 participants \Vithout 

a1na]gan1 restorations 1nay reflect ingested MeHg in food'I 

e. pecially in s afood~ vvhich L demethylated bef re urinar , 
excretion. The analytical method used in the present study, 
ho\vever. 'is not capa.ble to dctc mine the Me.Hg fraction in. 
the urine. 

It is n.ot clear \\1hat the HgAir concentrations in the 
present study represents. E.arli r st.udies have reported a 

HgU (nmol/1) 
40 ------------

30 ---

(25) 

=II (3l 

0 ·~~~-~~---~~-~-
3-24 26-50 51 - 87 

Patient age group5 

• : 0 surf aces 
T: i - 20 surf aces 
♦: 21 - 36 surfaces 
■: > 36 surfaces 

Fig. 4. l lrinary rnercury fHglJ) in r~1ation to the number of dental 
a1nalgan1 rest red surface!-, and participants· age. The age groups 
are: 0 2 ~ years (n = 20), 26- 50 years (n = 66) and 51 87 years 
(n -26). The amaJgam "roups are: 0 surface' n = 22t l 20 surfaces 
(n = 0). 21 36 surfaces (,n = 30 . and > 36 , urf aces (n = 30). The 
numbe s in parentheses ho\v th number or ob~en1·itions within 
e· ch · ubgr up. 

----, 
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correlation bet\veen the an1ount of amalgan1 and n1ercury 
vapour present in air sa1nples where participants have 

breathed into tubes (Gay et al. 1979; Patterson et al. 1985), 
or bags (Svare et al. 198 I; Ott et al. 1984), v.'here the oral 
cavity has been 11ushed and air collected with a suction 

device (Abraha1n et al. 1984), or by use of intraoral suction 
probes (Vimy & Lorscheider I 985a & b; Berglund et al. 
1988; Berglw1d I 990). Hovvever, these studies vvere riot 

aimed to measure the Hgi.\ir concentration in pulmonary 
air. In the present study all the potential intraoral tnercury 
vapour was exhaled during the frrst part of the san1p1ing 

procedure. Thus, the present HgAir values do not represent 
the intraoral rnercury concentrations as a function of ti1nc. 
Theoretically, so1ne mercw·y ,nay have vapourized during 

the second half of the exhalation, but th.is fraction ,vould 
be 1ninimal. 'fhe H gAir values therefore probably represent 
dissolved Hg0 in the blood stream, lung tissues and lung 

fluids (Cherian et al. 1978). The lack of significant corre
lation betvveen HgAir and 1-lgB in the present study may be 

explained by the assumption that the predon,inant 1nercury 
in blood, i.e. MeHg (Bulska el al. 1992), is bound intraccllu
lary or to plas1na proteins (Skerfving & Berlin 1985). The 

wide range of the HgAir concentrations \Vithin the groups 
categorized according LO Lhe ainount of amalgan1 (fig. 3), 

hovvever, indicates that the pulmonary excretion pattern 
shovvs marked inter-individual variation, and it 111ay have 
been influenced by drugs or by alcohol consu1nption (Berlin 
1986). 

The frrst estin1ates of the daily exposure reported in the 
literature were based on data of intraoral mercury vapour 

n1easuremenLs (Vi1ny & Lorscheider 1985a & b). Measure
ments of 35 persons with amalgan1 restorations sho,ved that 
the intraoral mercury concentrations increased fron1 about 
5 µgin1 3 to about 30 µg / m3 after chewing, and remained 

relatively high for so1ne time afterwards. The daily body 
burden was esti111ated to be 20 µg/ day. Hovvever, their esti-

1nations were refuted by other researchers (l'vfackert 1987; 
Olsson & Bergman 1987: Berglund et al. 1988: Olsson et al. 
1989). "fhese researchers suggested that the daily exposure 

ranged around 1-2 ~1giday. Vimy & Lorscheider (1990) 
recently presented a reevaluat ion of their data, and con

cluded that a daily exposure of 10 µg / day seemed more 
correct. 1-Iovvever, a lso the validity of these re-estimations 
can be questioned, since they are based on a li1nitcd number 

of mcasureme11ts. The intraoral mercury vapour measured 
over 24 hr do not correlate LO singular or even short series 

of 1neasuren1ents (Berglund 1990). 
The daily exposure of mercury Fron, dental amalgam may 

be estin1ated by using a metabolic model as a function 
of the ,vhole blood mercury concentration, the fraction 

distributed to a unit volume of blood, and the biological 
half-ti1ne (Clarkson et al. 1988). Three assumptions must 

in this case be verified. The first is that the body tissue 
compartments have achieved a steady state. The second 

assu1nption is that a single biological half time is sufficient 
to describe the retention in a particular compartment and 
third, that a constant fraction of the daily dose is deposited 

in each co,nparLmenL The whole body half time af ter a 

single n1ercury exposure is 58 days (H11rsh el al. 1976), while 
steady state betv,een body tissue compart1nents and mercury 
exposure is achieved in approximately 5 ti1nes the biological 

half-time (Clarkson et al. l 988). Since the participants in 
the present study had iuany an1algain restorations it is as
su,ncd that the rlgB concentrations were in a steady state. 
The biological half time of mercury in blood is 3.3 days and 
2.1% of the daily dose is deposited in I I ,vhole blood 
(Kershaw et al. 1980; Cheria11 et al. 1978). The 1nodel thus 

suggest that under these circumstances the \Vhole blood 

n1ercury values reflect I 0'1/o of the daily absorbed mercury 
(Clarkson et al, 1988). The 1nean HgB in the amalgam-free 
group and the group with the extensive number of amalgan1 
restorations differed by 6 nmol / 1 (1.2 µg/1). Provided that 
this ditference is caused by the an,alga,n restorations only, 

and that the assumptions above arc correct, this calculation 

vvould suggest a daily exposure of IO* 1.2 ~tg/1 = approxi
mately 10-12 µg/day. 

The difference in n1ean HgU in the a1nalgan1-free group 
and the group ,vith the extensive number of amalgan, res

torations was 24 nmolil (4.8 µgil). Provided that the differ
ence is solely caused by the dental amalgan1, that the HgU 

approximately represent the 24 hr hour excretion (Zander 
et al. 1990), and that roughly 50% of the n1ercury is recov

ered in urine, the n1ean HgU indicate a daily exposure of 
approximately 10 µg / day. The present results thus suggest 
that individuals \Vitb 1uany ainalga,n restorations, i.e., n1ore 

than 36 restored surfaces, are exposed to 10-12 ~Lg Hg/day 
in addition. 
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