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Rat molars are indicators of exposure concentration and target organ content in chronic mercury vapor 
exposure. We wished to study the accumulation and persistence of organic and inorganic mercury in rat 
teeth and the effect ofselenium on mercury retention. Male Wistar rats received either inorganic or organic 
mercury (with or without addition of selenite), selenite only, or no mercury or selenite (controls) in the 
drinking water for 4 weeks. Group A was killed after exposure. Group B was killed 20 weeks later. The 
mercury content was measured by cold-vapor atomic absorption spectrophotometry. The mercury content 
in the molars in group B was 66% and 77% less than in group A after inorganic and organic exposure, 
respectively. In the incisors the corresponding reductions were 90% and 97%. Selenite had limited effect 
on mercury retention in group A and none in group B. We suggest that rat molars and, by inference, 
human deciduous teeth may serve as indicators of organic and inorganic mercury exposure. 0 Environment; 
tooth; toxicology; trace elements 
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Mercury occurs widely in nature and has long been 
known as a toxic element. The usual indicators for the 
mercury content of target organs in mercury exposure 
are urine, blood, and hair. Blood and urine are most 
reliable in recent exposures and tell us little about 
the long-term exposures (1). Hair is a well-established 
indicator oforganic mercury exposure but is less reliable 
for inorganic mercury ( 1 , 2). Its usefulness as an indi- 
cator is also limited by the large variability in hair 
length between individuals. Hair grows at a rate of 
approximately 1 cm per month, and material covering 
large lime spans would thus not be available for inves- 
tigation from large parts of the population (including 
many children). 

An indicator suitable for large epidemiologic studies 
of the influence of environmental mercury would be 
useful Dental hard tissues have a very low biologic 
turn01 er. Human deciduous teeth are more suitable 
than permanent ones as indicators since they represent 
a shorter and more easily verifiable exposure period. 
They are also discarded at approximately the same time 
in all humans, and the collection of such teeth presents 
no ethical problems. Deciduous teeth are easily avail- 
able for large studies of both present and past popu- 
lations (3 -5 ) .  

Dental hard tissues have been shown to function 
as indicators of several metals, among them lead and 

cadmium (3, 4, 6). Mercury has been found by cold 
vapor atomic absorption spectrophotometry (CVAAS j 
in unfilled human deciduous teeth ( 7 ) .  Mercury has 
also been detected by CVAAS in molars frorn rats 
exposed to graded doses of mercury vapor (8). .4 cor- 
relation between mercury levels in the molars and the 
exposure concentration suggested that rat molars can 
act as indicators of chronic mercury vapor exposure. 
Correlations were also found between the molars and 
the target organs kidney cortex and cerebrum. 

It is conceivable that organic and inorganic mercury 
salts are also incorporated into dental tissues. T o  our 
knowledge the mercury content of rat teeth after such 
exposure has not been investigated so far. It would be 
of value to quantify such an uptake and to investigate 
the extent to which mercury persists in the dental tissues 
after the exposures have ended. This would indicate the 
potential of rat teeth and, as a corollary, also of human 
primary teeth as indicators of interrupted mercury 
exposure. 

Selenium (Se) is an essential trace element in normal 
metabolism and is an integral part of the enzyme glu- 
tathione peroxidase (9). It has been reported that Se 
can protect against intoxication from several metallic 
compounds, including organic and inorganic mercury 
(9, 10). On selenium addition the tolerance of experi- 
mental animals towards mercury has been shown to 
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Table 1. Median mercury content with maxima (Max) and minima 
(Min) in rat molars after administration of inorganic or organic 
mercury combined with selenite 

Table 2. Median mercury content with maxima (Max) and minima 
(Min) in rat incisors after administration of inorganic or organic 
mercury combined with selenite 

Group Period Median Max Min Group Period Median Max Min 

1 (HgClz) 
A 4 weeks 0.456 0.560 0.403 
B 24 weeks 0.157 0.207 0.042 

A 4 weeks 0.888 1.850 0.700 
B 24 weeks 0.201 0.210 0.081 

A 4 weeks 0.473 0.681 0.364 
B 24 weeks 0.179 0.314 0.111 

A 4 weeks 1.438 2.662 1.218 
B 24 weeks 0.133 0.321 0.085 

A 4 weeks 0.010 0.077 0.008 
B 24 weeks 0.013 0.016 0.010 

A 4 weeks 0.021 0.151 0.006 
B 24 weeks 0.011 0.020 0.008 

* All values are in pg Hglg tooth substance. The animals were 
exposed for 4 weeks. Group A was killed 24 h after the end of the 
exposure, whereas group B survived for 20 weeks before being killed. 

2 (CH3HgCl) 

3 (HgC12 + Na2Se03) 

4 (CHsHgCI + Na,SeO,) 

5 (NaZSeO,) 

6 (H@) 

increase, with a concomitant increase in the retention 
of both elements (1 1). I t  would be of interest to establish 
whether an increased selenium supply leads to increased 
mercury retention in teeth. 

The aim of this study was therefore to quantify the 
incorporation of organic and inorganic mercury in rat 
teeth and to assess the extent to which the mercury 
persisted after the end of the exposure. I t  was also our 
intention to study the effect of selenium on mercury 
retention. 

Materials and methods 
Two groups (A and B), each with 42 male Wistar rats 
(Mdlegaards Breeding Centre Ltd., Ejby, Denmark), 
were used in this study. The rats were 3 months old at 
the start of the experiments and had an initial average 
body weight of 180g. They were fed Altromin 1324 
(Altromin Specialfutterwerke, Lange, Germany). The 
animals in each group were randomly divided into six 
subgroups (Al-A6, Bl-B6) consisting of seven animals 
each (see Tables 1 and 2). One subgroup of each main 
group received 20mg HgC12/l in the drinking water 
every 2nd day, whereas another received 20mg 
CH3HgC1/1 in the same manner. Two subgroups were 
treated in the same manner, with the additional 
administration of 2 mg Na2Se03/1 in the drinking water 
on the days when they were not receiving mercury. 
Mercury and selenite were given on alternate days to 
avoid precipitation of HgSe complexes, which would 
result in reduced absorption. One subgroup received 

1 (HgC1z) 

2 (CH3HgC1) 

A 4 weeks 0.050 0.135 0.029 
B 24 weeks 0.004 0.005 0.003 

A 4 weeks 1.168 1.978 0.864 
B 24 weeks 0.032 0.053 0.024 

A 4 weeks 0.093 0.159 0.064 
B 24 weeks 0.003 0.003 0.002 

A 4 weeks 1.290 1.620 1.045 
B 24 weeks 0.025 0.048 0.024 

A 4 weeks 0.008 0.011 0.005 
B 24 weeks 0.003 0.035 0.003 

A 4 weeks 0.005 0.020 0.003 
B 24 weeks 0.004 0.005 0.003 

* All values are in pg Hg/g tooth substance. See also legend to 

3 (HgC1, + Na,SeO,) 

4 (CHJ-IgCI i NazSe03) 

5 (NazSe03) 

6 (H*O) 

Table 1. 

2 mg Na2Se03/1 in the drinking water every 2nd day, 
and the last subgroup received tap water every day and 
served as control. 

The animals in group A were exposed for 4 weeks 
and were killed 24 h after the end of the exposure. The 
rats in group B were exposed for 4 weeks, followed by 
20 weeks of non-exposure before being killed. At the time 
of death, the animals were anesthetized with sodium 
pentobarbital (50 mg/kg body weight intraperitoneally) 
before transcardial perfusion at  120 mmHg for 12 min 
with a fixative containing 3% glutaraldehyde in 0.1 M 
phosphate buffer, pH 7.4, at room temperature. 

The jaws were removed, and the incisors and molars 
were extracted. The teeth were then treated in accord- 
ance with a method previously described (7). In brief, 
the teeth of the left side of the jaw were washed in 0.01 N 
HC1, rinsed in distilled water, and allowed to dry before 
digestion. They were then pooled in two groups, one for 
incisors and one for molars for each animal, dissolved 
in 2 m12 N HCl, and stored for 6 days at  50°C in corked 
and sealed polypropylene test tubes. 

The samples were analyzed by CVAAS with a Perkin- 
Elmer 370A atomic absorption spectrophotometer 
equipped with an MHS 20 mercury hydride system. The 
results were recorded graphically. Sodium borohydride 
was used as the reducing agent (12, 13). Ten samples of 
IAEA H-5 Animal Bone were also analyzed. The mean 
and standard deviations were 0.009 and 0.003 pg/g 
Hg, respectively. The CV was 36.2%. The IAEA has 
not found a certified value for mercury in animal bone 
but has provisionally accepted values between 0.002 
and 0.014 pg/g for the H-5 material. The coefficient of 
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variation (CV) of the mercury values found for 10 
samples of homogenized tooth powder from human 
premolars was 6.6%. 

The SPSS/PC+ V.3.0 (SPSS, Inc., USA) statistical 
computer package was used for statistical analysis of 
the results. i l s  each exposure subgroup was small, the 
Mann-Whitney test was used to test for differences 
between pairs of subgroups, and the Kruskal-Wallis 
one-way ANOVA test was used when testing more than 
two i u  bgroups ( 14). 

Results 
The teeth from the subgroups that had received mercury 
in group A had higher levels of mercury than the cor- 
responding subgroups in group B (Tables 1 and 2). 
Comparison between the groups exposed to mercury for 
only 4 weeks and the groups exposed for 4 weeks fol- 
lowed by an unexposed period of 20 weeks showed a 
reduction in the mercury content of the molars by 66% 
for t.he inorganic and 77% for the organic group. In 
the incisors the corresponding reduction was 90% and 
97%. The difkrence between groups A and B was 
always statistically significant (Tables 1 and 2). The 
difference was not significant for subgroups 5 and 6 
(Tables 1 and Z!). 

All subgroups that had received only mercury had 
significantly higher levels of mercury than the controls 
(subgroup 6) except the incisors in the rats exposed to 
inorganic mercury in group B. The Kruskal-Wallis test 
showed that the variation between the subgroups that 
had also received selenite (subgroup 3 or 4) and between 
the selenite only (subgroup 5) and the control group 
(subgroup 6) was significant in all cases except the 
incisors in group B. 

The addition of selenite to inorganic mercury resulted 
in no significant increase in the uptake of mercury 
in the molars of group A. The corresponding incisors 
showed a slight but significant increase in the two 
groups. The differences for the subgroups receiving 
organic mercury were small: significant for the molars 
but not for the incisors. 

Neither molars nor incisors showed any significant 
differences between the mercury and the mercury/sel- 
eriite subgroups 20 weeks after the end of the exposure 
(group B). 

Discussion 
The present study has shown that mercury is accumu- 
lated in rat teeth after administration of either organic 
or inorganic mercury. This is important, since the larg- 
est part of mercury in marine food is organic mercury 
(1,2) Inorganic mercury is the most important type of 
mercury in non-marine food and in drinking water and 
can also be important in industrial environments (1, 2). 

The large decrease in mercury content in the rat 
incisors 20 weeks after the end of exposure is probably 
due to the rapid, constant eruption of the teeth. These 
are renewed completely within 40-50 days (15). The 
rat incisors thus do not reflect past mercury exposure. 

Selenite has been shown to reduce the toxicity of both 
organic and inorganic mercury in rats (1, 16). The 
effects might be due to a redistribution of mercury (1.  
17) or to a change in the way mercury is bound to pro- 
teins (1 7) .  An increase in the mercury content in organs 
such as blood, liver, and testis was seen in rats after 
combined exposure to mercury and selenite, whereas 
other organs had a decrease in mercury content (18). 
The total amount of mercury retained was not altered. 
Increased retention of methyl mercury has also been 
seen in adult and fetal brains after selenium adminis- 
tration (1). 

Increased concentrations of both selenium and mer- 
cury have been reported in thyroid, pituitary glands. 
kidneys, and brain tissues in human autopsy cases when 
there is a history of mercury exposure (19). 

Selenite interaction with inorganic and organic mer- 
cury differs (9). The slight but statistically significant 
differences in mercury content found for the organic 
mercury in molars and the inorganic mercury in incisors 
after selenite administration in group A may be due to 
possible differences in selenite retention in incisors and 
in molars. Since no statistically significant difference 
was found for the animals in group B, any effect of 
selenite on the use of rat teeth as indicators must be 
small. 

The lower mercury content in the molars of group B 
than in group A may have several explanations: much 
of the mercury in pulp tissue will have been excreted, 
with the possible exception of the mercury in the 
odontoblasts (20), but we do not know the extent of 
mercury deposition in the cirumpulpal dentin. In 
addition, a dilution effect exists in rat molars due to the 
changes taking place in the teeth after the end of the 
exposure. Some of the tooth mass containing mercury 
is lost because of attrition. Studies have shown that 6- 
to 12-month-old rats can have their anatomic crown 
heights reduced by as much as 2>50% (21,22). Simul- 
taneously, deposition of secondary dentin and apical 
cementum increases the mass of calcified tissue in the 
tooth (21-23). The secondary cementum makes up 
about one-third or more of the roots in the adult rat 
(2 1, 23). Consequently, tooth substance with a poten- 
tially high content of mercury is lost while new tissue 
with lower mercury content is formed. These changes 
are much greater in rat molars than in human teeth 

Wistar rats have an average life expectancy of 27-30 
months (25). The exposures ended when the animals 
were approximately 4 months old, and the animals of 
group B were killed at around 9 months. This means 
that after a period corresponding to one-fourth to one- 
fifth of the animal’s life span, 34% of the inorganic and 

(24). 
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in rats (23,24), one might expect that the loss ofmercury 
in human deciduous teeth after cessation of exposure 
would be smaller than in the rat molars and conse- 
quently give a better indication of the original exposure. 

23% of the organic mercury were still present in the 
molars. Calculation of halftimes (Ti) based on a simple 
one-compartmental model gives values of 91 days for 
inorganic mercury and 65 days for organic mercury. On 
the other hand, if halftimes based on a linear model 
caused by attrition are calculated, values of 106 days 
and 70 days are found. Thus, the two models give 
similar results for rat molars. 

Inorganic mercury has large variations in elimination 
rates between organs. Brain, kidneys, and testicles have 
the longest retention times (1).  Halftimes varying from 
a few hours to 141 days have been reported, depending 
on organ and compartmental model (1, 26-31). The 
distribution of metallic mercury after oxidation approxi- 
mates that of inorganic mercury and will in many ways 
have a similar elimination pattern (1).  

Organic mercury has a more even distribution among 
the organs in humans than does inorganic mercury and 
has small variations in excretion rates between the 
organs (32). About 1% of the organic mercury body- 
burden in humans is excreted each day. This corre- 
sponds to a biologic halftime of 70 days (1). Variations 
between 6 and about 70 days, using one- or two-com- 
partmental models, are reported (31, 33, 34). 

The halftimes of both the organic and inorganic mer- 
cury in rat molars are similar to those reported in 
the literature for main target organs. Although the 
mechanism of mercury reduction may be different, the 
mercury content of these teeth is reduced as if they 
belonged to compartments of mercury with long half- 
times. I t  is therefore possible that rat molars could act 
as indicators for the mercury content in organs with 
long retention times. 

Mercury has previously also been detected in rat 
molars by CVAAS in continuous mercury vapor 
exposure (8). The study showed that the levels were 
correlated with the exposure concentration and with the 
concentration in several target organs. I t  was suggested 
that rat molars can act as indicators for long-term, 
chronic mercury vapor exposure. Correlations between 
the mercury content of rat molars and target organs 
after interrupted exposure were not directly shown in 
this study. However, it should be mentioned that in 
another study we have found a clear correlation between 
the mercury content in kidney cortex and molars in 
young rats after interrupted exposure ( I  = 0.78, p < 

Rat molars are used as models in this study as they 
are comparable to human deciduous teeth with regard 
to time of mineralization and eruption (15, 23). On the 
basis of our results, we suggest that mercury absorbed in 
organic and inorganic form may accumulate in human 
deciduous teeth. Furthermore, as the animal studies 
also suggest that rat molars may act as indicators for 
the mercury exposure of the animals, such a situation 
might also exist for human deciduous teeth. Since both 
attrition and deposition of secondary dentin and cemen- 
tum take place at  a much slower rate in humans than 

0.001) (35). 

Acknowledgments.-The authors thank Ms. Tove Johansen, Ms. Marit 
Kjesnes, and Ms. Liv Skarstein, Department of Anatomy and Cell 
Biology, University of Bergen, and Mr. Ole Serensen and Mr. Torben 
Madsen, Institute of Pathology, Aalborg Hospital, for technical assist- 
ance. Professor Gisle Fosse, Department ofAnatomy and Cell Biology, 
University of Bergen, and Dr. H. Barlebo, Institute of Pathology, 
Aalborg Hospital, are thanked for their continuous advice and 
support. The study was supported by grants from the Norwegian 
Dental Depot’s Fund and the L. Meltzer Foundation, University of 
Bergen, and from the Northern Jutland County Fund, Aalborg Stifts 
Julelotteri, and P. Carl Petersens Fund. 

References 
1. Berlin M. Mercury. In: Friberg L, Nordberg GF, Vouk VB, 

editors. Handbook on the toxicology of metals. Vol 11. 2nd ed. 
Amsterdam: Elsevier, 1990:387-445. 

2. WHO. Methylmercury. Environmental health criteria 101. 
Geneva: WHO, 1990. 

3. Fosse G, Berg-Justesen NP. Cadmium in deciduous teeth of 
Norwegian children. Int J Environ Stud 1977;11:17-27. 

4. Fosse G, Justesen N-PB. Lead in deciduous teeth of Norwegian 
children. Arch Environ Health 1978;33: 166-75. 

5. Fosse G, Wesenberg GBR. Lead, cadmium, zinc and copper in 
deciduous teeth of Norwegian children in the pre-industrial age. 
Int J Environ Stud 1981;16:163-70. 

6. Wesenberg G, Fosse G, Rasmussen P, Justesen N-PB. Cadmium 
content of indicator and target organs in rats after graded doses 
of cadmium. Int J Environ Stud 1981;16:147-55. 

7. Eide R, Wesenberg GBR, Fosse G. Mercury in primary teeth in 
preindustrial Norway. Scand J Dent Res 1993;lOl:l-4. 

8. Eide R, Wesenberg GBR. Mercury contents of indicators and 
target organs in rats after long-term, low-level, mercury-vapor 
exposure. Environ Res 1993;61:212-22. 

9. H6gberg J, Alexander J. Selenium. In: Friberg L, Nordberg GF, 
Vouk VB, editors. Handbook on the toxicology of metals. Vol 11. 
2nd ed. Amsterdam: Elsevier, 1990:482-520. 

10. Sodalstyrelsen i Sverige. Kvicksilver/amalgam halsonsker- 
LEK utredningen. Stockholm: Socialstyrelsen, 1987. 

11. Magos L, Webb M. The interaction of selenium with cadmium 
and mercury. CRC Cnt  Rev Toxicol 1980;8:1-42. 

12. Tofaletti J, Savory J. Use ofsodium borohydride for determination 
of total mercury in urine by atomic absorption spectrometry. Anal 
Chem 1975;47:2091-5. 

13. Rooney RC. Use of sodium borohydride for cold-vapour atomic 
absorption determination of trace amounts of inorganic mercury. 
Analyst 1976; 101:67&82. 

14. Snedecor GW, Cochran WG. Statistical methods. 6th ed. Ames: 
The Iowa State University Press, 1976. 

15. Navia JM, Narkates AJ. Dental research. In: Baker HJ, Lindsey 
JR, Weisbroth SH, editors. The laboratory rat. Vol 11. Research 
applications. New York: Academic Press, 1980:59-74. 

16. Nordberg G, Parizek J, Pershagen G, Gerhardsson L. Factors 
influencing effects and dose-response relationships of metals. In: 
Friberg L, Nordberg GF, Vouk VB, editors. Handbook on the 
toxicology of metals. Vol 1. 2nd ed. Amsterdam: Elsevier, 1990 
175-205. 

17. Molin M. Mercury release from dental amalgam in man [thesis]. 
Swed Dent J 1990 Suppl 71. 

18. Nygaard S-P, Hansen JC. Mercury-selenium interaction at con- 
centrations of selenium and of mercury vapours as prevalent in 
nature. Bull Environm Contam Toxicol 1978;20:20-3. 

19. Nylander M, Weiner J. Mercury and selenium concentrations and 



16 R.  Eide el ai. 

their interrelations in organs from dental staff and the general 
population. Br J Ind Med 1991;48:729-34. 

20. Eide R, Schiernning JD, Bjugn R, Wesenberg GBR, Fosse G. 
Autometallographic demonstration of mercury in rat molars. 
%and J Dent .Res 1994;102:7680. 

21. Hoffman MM, Schour I. Quantitative studies in the development 
of the rat molar. 11. Alveolar bone, cementum and eruption (from 
birth to 500 days). Am J Orthod 1940;26:854-74. 

22. Byers MR. Development ofsensory innervation in dentin. J Comp 
Neurol 1980; 191 :41%27. 

23. Schour I, MassXer M. The teeth. In: Farris EJ, Griffith JQ, editors. 
The rat in laboratory investigation. 2nd ed. New York: Hafner 
Publishing Co., 1963:104-65. 

24. Schroeder HE. Oral structural biology. 3rd ed. Stuttgart: Thieme, 
1991. 

25. Burek JD, Hollander CF. Experimental gerontologi. In: Baker 
IiJ, Lindsey JR, Weisbroth SH, editors. The laboratory rat. Vol 
11. Research applications. New York: Academic Press, 1980:149- 
59. 

26. Rothstein A, Hayes AL. The metabolism of mercury in the rat 
studies by isotope techniques. J Pharmacol Exp Ther 1960;130: 
106-76. 

27. Rahola T, Hattula T, Korolainen A, Miettinen JK. Elimination 
OF free and protein-bound ionic mercury (*03Hg2+) in man. Ann 
(Xn Res 1973;5:214-9. 

28. Hursh JB, Clarkson TW, Cherian MG, Vostal JJ, Maille RV. 

.4CTA ODONTOL SCASD 53 (1995) 

Clearance of mercury (Hg-197, Hg-203) vapor inhaled by human 
subjects. Arch Environ Health 1976; Nov/Des:302-9. 

29. Barregard L, Sallsten G, Schutz A, Attewell R, Skerfving S, 
Jarvholm B. Kinetics of mercury in blood and urine after brief 
occupational exposure. Arch Environ Health 1992;47: 17W4.  

30. Bluhm RE, Bobbitt RG, Welch LW, et al. Elemental mercury 
vapour toxicity, treatment, and prognosis after acute intensive 
exposure in chloralkali plant workers. 1. History, neuropsycho- 
logical findings and chelator effects. Hum Exp Toxicol 1992;ll: 
201-10. 

31. Nielsen JB. Toxicokinetics of mercuric chloride and methyl- 
mercuric chloride in mice. J Toxicol Environ Health 1992;37:85- 
122. 

32. Clarkson TW, Hursh JB, Sager PR, Syversen TLM. Mercury. 
In: Clarkson TW, Friberg L, Nordberg GF, Sager PR, editors. 
Biological monitoring of toxic metals. New York: Plenum Press, 
1988:199-246. 

33. Thomas DJ, Fisher HL, Hall LL, Mushak P. Effects of age and 
sex on retention of mercury by methyl mercury treated rats. 
Toxicol Appl Pharmacol 1982;62:445-54. 

34. Thomas DJ, Fisher HL, Sumler MR, Marcus AH, Mushak P, 
Hall LL. Sexual differences in the distribution and retention of 
organic and inorganic mercury in methyl mercury-treated rats. 
Environ Res 1986;41:219-34. 

35. Eide R, Wesenberg GBR. Rat molars as indicators of kidney 
mercury content. J Dent Res 1994;73(Spec Iss):436. 

-- 
Received for publication 12 April 1994 
Accepted 2 June 1994 




