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Abstract  The total mercury concen- 
trations in the liver (Hg-L), the kid- 
ney cortex (Hg-K) and the cerebral 
cortex (Hg-C) of 108 children aged 1 
day-5 years, and the Hg-K and Hg-L 
of 46 fetuses were determined. As 
far as possible, the mothers were in- 
terviewed and their dental status was 
recorded. The results were compared 
to mercury concentrations in the tis- 
sues of adults from the same geo- 
graphical area. The Hg-K (n = 38) 
and Hg-L (n = 40) of fetuses and 
Hg-K (n = 35) and Hg-C (n = 35) of 
older infants (11-50 weeks of life) 
correlated significantly with the 
number of  dental amalgam fillings of 
the mother. The toxicological rele- 
vance of the unexpected high Hg-K 
of older infants from mothers with 
higher numbers of dental amalgam 
fillings is discussed. 

Conclusion Future discussion on 
the pros and cons of  dental m;nlagam 
should not be limited to adults or 
children with their own amalgam 
fillings, but also include fetal expo- 
sure. The unrestricted application of 
amalgam for dental restorations in 
women before and during the child- 
bearing age should be reconsidered. 
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Abbreviat ions Hg-C total mercury 
concentration in the cerebral cortex 
(ng/g wet weight) - Hg-K total 
mercury concentration in the renal 
cortex (ng/g wet weight) • Hg-L total 
mercury concentration in the liver 
(ng/g wet weight) 

Introduction 

Recent investigations [1, 5] have shown in humans that 
dental amalgam fillings are the principal source of the 
mercury burden of adults, at least in geographic areas 
with a moderate consumption of fish and seafood. There 
is now widespread international focus on the pathophysi- 
ological significance of  mercury that is continuously re- 
leased from amalgam tooth fillings [6]. A result of one of 
these studies [5] was that some of  the few infants investi- 
gated at that time showed relatively high mercury concen- 
trations in their kidneys. ~lb expand upon this finding, the 
objective of  the present study was to determine the mer- 
cury concentration in tissues from a much larger popula- 

tion of infants and also from older children and fetuses. 
As far as possible the mothers were interviewed and their 
dental status determined. 

Materials and methods 

Liver and kidney specimens from 46 fetuses and liver, renal cortex 
and cerebral cortex from 108 children aged 1 day-5 years were 
collected during 1990-1992 from autopsies performed at the 
Patholggical Institute and the Institute of Forensic Medicine of the 
University of Munich. 

Abortions had mainly been induced for medical reasons. All in- 
fants had died suddenly and most were diagnosed as sudden infant 
death syndrome. 

From 40 mothers of fetuses and 65 mothers of children, infor- 
mation on occupational, domestic or medical mercury burden were 
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available and the dental status of these mothers was recorded. In 
no case was an occupational exposure to mercury of the parents or 
an extreme fish consumption of the mother or the child reported. 
There was no case of an unusual mercury burden of the child (e.g. 
by a broken thermometer or the application of mercury containing 
pharmaceuticals). 

Tissue samples of approximately 1 g were digested with 2 ml 
nitric acid (min. 65%, Supra pure grade, E. Merck, Darmstadt, 
FRG) for 6h at 140°C in sealed Teflon lined pressure vessels (Parr 
Acid Digestion Bomb, H. Kfimer, Rosenheim, FRG). After cool- 
ing the solutions were diluted with water to 10ml and the concen- 
trations of total mercury were determined by cold-vapour atomic 
absorption spectrometry after enrichment on a gold-platinum-net 
[19]. The accuracy of the method was established by standard ref- 
erence materials (BCR reference material # 145, bovine liver and 
IAEA fish homogenate MA-A-2). 

Total mercury concentrations were calculated as ng mercury 
per g tissue wet weight. Because the distribution of the values was 
nonparametric, medians were calculated. Subgroups were com- 
pared by the Mann-Whitney test. Correlations were determined by 
Spearman rank correlation. 

In order to combine the results of fetuses and children into a 
single figure, the gestational age of the fetuses was converted to 
"negative weeks of life", i.e. 40 weeks minus gestation. 

The group under investigation was classified in 4 subgroups 
according to the age: 

1. Fetuses: from gestation until birth 
2. Newborns and young infants: 0-10 weeks 
3. Older infants: 11-50 weeks 
4. Young children: 1-5 years 

TaMe 1 Spearman rank correlation of the mercury concentrations 
in human tissues to the number of teeth with amalgam fillings of 
the mother 

Fetuses Newborns Otder Younger 
and younger infants children 
infants (11-50 (1-5 years) 
(0-10 weeks) weeks) 

Liver n 40 19 35 11 
r +0.366 ±0.000 +0.254 -0.163 
sig. b a a a 

Renal n 38 19 35 11 
cortex r +0.537 +0.212 +0.454 +0.273 

sig. d a c a 

Cerebral n 0 18 35 11 
cortex r +0.213 +0.372 -0.181 

sig. a b a 

Significance: a = < 95%; b = > 95%; c = > 99%; d = > 99.9% 

All results were compared parallel to those of 34 adults in the same 
age range as the mothers (16-45 years) having at least two teeth 
with dental amalgam [5, 19]. 

Results 

Statistical correlations between the mercury concentrat ion 
in various organs and the number  of  maternal  teeth with 
dental amalgam fill ings are shown in Table 1. 

In fetuses the mercury concentrat ion in tile l iver (Hg- 
L) was signif icantly correlated with the number  of mater- 
hal teeth with amalgam fillings. No such correlation was 
found for Hg-L in the other age groups. 

The mercury concentrat ion in the renal  cortex (Hg-K) 
and maternal  teeth with amalgam fill ings were signifi- 
cantly correlated in fetuses and older infants but  not in the 
other age groups. 

The mercury concentrat ion in the cerebral cortex (Hg- 
C) was significantly correlated with the number  of mater- 
n '~  teeth with amalgam fill ings in older infants only. 

In fetuses and older infants significantly higher mean  
mercury concentrat ions in the liver and the renal  cortex 
were found, if the mothers had ten or more teeth with den- 
tal amalgam in comparison to fetuses or older infants 
f rom mothers with a m a x i m u m  of two teeth with amalgam 
fill ings (Table 2). Figures 1-3 illustrate the range of indi-  
vidual  mercury concentrat ions in liver, k idney cortex and 
cerebral cortex, respectively, of  all fetuses and children, 
compared to the range of adults without dental amalgams. 
Many  older infants have rapidly acquired a tissue burden  
of mercury in the k idney that is equivalent  to or which ex- 
ceeds the range of mercury in adults who do not have 
amalgam fiUings. 

Discussion 

The mercury concentrat ion in different tissues of fetuses 
and infants has been rarely studied and has never  been re- 
lated to maternal  amalgam fillings. Suzuki et al. [20] re- 
ported the mercury concentrat ions in five brain and four 
l iver specimens of fetuses and Markesbery et al. [14] in 
two fetal, one term and three infant  brains. Their  results 
lie within the same range of  concentrat ions that we found. 

Table 2 Comparison (Mann- 
Whitney-Test) of the mercury" 
concentrations (ng Hg/g, medi- 
ans) in tissues of human fetuses 
and older infants (age: 11-50 
weeks) from mothers with either 
0-2 or 10 or more teeth with 
amalgam fillings to age-matched 
adults (age: 1645 years) with 
the same number of amalgam 
fillings as the mothers [5, 19] 

Significance: a = < 95%; b = 
> 95%; c = > 99%; d = > 99.9% 

0-2 Teeth >10 Teeth Significance 
with amalgam with amalgam of difference 

Liver Fetuses 12,68 (n = 10) 25.85 (n = 14) b 
Older infants t9.2 (n = t0) 34.4 (n = 8) b 
Younger adults 18.7 (n = 41) 67.2 (n = 19) d 

Renal cortex Fetuses 5.95 (n = 10) 10.3 (n = 11) d 
Older infants 20.75 (n = 10) 115.6 (n = 8) c 
Younger adults 47.3 (n = 41) 409.25 (n = 18) d 

Cerebral cortex Older infants 2.05 (n = 10) 3.95 (n = 8) a 
Younger adults 14.7 (n = 39) 25.7 (n = 19) b 
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Fig. 1 Total mercury concentration in the liver of human fetuses 
and infants related to age of life 

10000 . . . . . . . . . . .  

100 Adults 
m without 

"~ dental .1. 
Amalgarr 

=~ 10 

1 
-50 0 50 100 150 200 250 300 

Age of Life (Weeks) 

Fig.  2 Tota l  m e r c u r y  concen t ra t ion  in the  rena l  cor tex o f  h u m a n  
fe tuses  and  infants  related to age  o f  l ife 
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F i g . 3  Total  m e r c u r y  concent ra t ion  in the  cerebral  cor tex o f  h u m a n  
infants  related to age  o f  l ife 

Data from earlier investigations [15, 16] are less reliable 
due to the limitations of analytical methods at that time. 

Exposure of pregnant guinea pigs to mercury vapour 
[25, 26] or pregnant ewes to amalgam fillings (containing 

radioactive 2°3Hg) [22] resulted in an increase of the mer- 
cury concentrations of the fetuses and the newborn. The 
placental transfer of mercury from the mother to the fetus 
depends on the maternal mercury" burden [7, 10, 12, 21]. 
Since the number of dental amalgam fillings is signifi- 
cantly related to the mercury concentration in the mater- 
nal tissues of  animals [22] and humans [5] the number of 
maternal amalgam fillings should also influence the mer- 
cury concentration in human fetal tissues. We were able to 
confirm this relationship with respect to the fetal liver and 
kidney. The avidity of maternal kidneys for mercury doc- 
umented in Table 2 can be explained by the storage func- 
tion of the maternal kidney for mercury. It can be assumed 
that the "mobile" mercury, available for a transfer through 
the placenta, derives predominantly from the maternal 
liver (and comparable compartments) and not from the 
maternal kidney. Moreover, the fetal liver seems to trap 
the transfe~ed mercury to some extent [8, 12, 25, 26] and 
thus prevents a higher accumulation in the fetal kidney. 
The present findings in humans compare favourably with 
similar results reported earlier in sheep [22]. 

The mercury concentrations in the tissues of newborns 
and young infants were not well correlated with. the num- 
ber of maternal teeth with amalgam fillings. This may be 
explained by a superposition of  the initial influence of the 
maternal dental amalgam on the mercury concentration in 
the infant tissues during pregnancy by a redistribution of 
mercury from the infant liver to the infant kidney and other 
tissues in the first months of life and a simultaneous new 
intake of mercury in this transient period of life [12, 26]. 

Maternal amalgam fillings appears to influence the 
Hg-C in older infants approximately as much as they 
influence Hg-C in adults. The influence on the Hg-K in 
older infants is approximately half so great as that of own 
fillings of adults (see Table 2). 

Most of the babies under investigation were not nursed 
or nursed only for a few weeks. Hence it follows that the 
higher Hg-K and Hg-C of offspring from mothers with 
amalgam fillings is due at least partly to an exposure de- 
rived in utero and not from breastmilk. If and to what ex- 
tent nursing by mothers with multiple amalgam fillings 
contributes to the mercury burden of  the baby should be 
further investigated. Dental amalgam mercury does con- 
centrate in sheep milk [22], however, Klemann et ai: [9] 
found no statistically significant correlation between the 
mercury concentration in human breastmilk and the num- 
ber of amalgam fitlings of  the mothers. 

At the present time, the toxicity of  mercury vapour 
from dental amalgams is being assessed through a variety 
of investigations [1]; however, the toxicological conse- 
quence of the relatively high mercury concentrations in 
the renal cortex of infants, as found in the present study, 
has not been de te I~ned .  In contrast to the well-known 
vulnerability of the developing brain to an exposure to 
mercury vapour (most of the mercury from dental amal- 
gam is released in this form) or methyl-mercury, there are 
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no reports  that the  infant  k idney  is more  sensi t ive to inor- 
ganic  mercu ry  than the adul t  k idney  [6, t0 ,  11, 13, 21, 23, 
24, 27]. On the other  hand, current  ev idence  suggests  that  
the nephrot ic  synd rome  fo l lowing  absorp t ion  o f  mercury  
compounds  results  f rom an immuno tox ic  response  [24]. 
A m a l g a m  mercury  has also been  shown to alter several  
indices  of  k idney  funct ion in sheep [2]. Poss ib le  differ-  
ences in the b ind ing  fo rm of  the mercury  in the k idney  o f  
fetuses,  infants  and adults,  e.g. to meta l lo th ione in  or  sele-  
nium, are present ly  not  k n o w n  [4, 17, 18]. 

The  present  f indings  c lear ly  demons t ra te  that further  
d iscuss ion  on the pros  and cons  o f  denta l  a m a l g a m  should  
not  be  focused  exc lus ive ly  on adults  or  chi ldren with  their  
own a m a l g a m  fi l l ings [3, 27], but  also on the offspring.  

F r o m  our  results  it can be  conc luded  that  infants can 
accumula te  mercury,  apparent ly  der ived  f rom materna l  
a m a l g a m  fi l l ings,  in their  k idneys  to a s imi lar  extent  as 
o lder  chi ldren or adults  do f rom their  own fil l ings.  There-  

fore  the uurestr ic ted appl ica t ion  o f  a m a l g a m  for denta l  
res torat ions in w o m e n  before  and during the ch i ld-bear ing  
age should  be  recons idered  in ana logy  to the r ecommen-  
dat ion o f  the German  Heal th  Author i t ies  f rom 1992 [3], 
wh ich  argued that because  o f  a h igher  vu lnerab i l i ty  o f  in- 
fants to mercury,  a m a l g a m  cannot  be further r ecom-  
m e n d e d  for denta l  res torat ions for chi ldren up to 6 years  
and no tab ly  not  dur ing the first  3 years  o f  life. A t  the very  
least,  h igh  numbers  o f  a m a l g a m  fi l l ings should  be  
avo ided  for w o m e n  before  and during ch i ld-bear ing  age. 
In 1991, the W H O  conf i rmed an ear l ier  s ta tement  f rom 
1980: "The  exposure  o f  women  o f  ch i ld -bear ing  age to 
mercury  vapour  should  be  as low as poss ib le"  [24]. 
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