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Since the 18005, dental amalgam has been the most
commonly used restorative material in dentistry. The
mecury content of dental amalgam (approximately 50%)
has created an ebb and tide of controversy regarding its
safety for patients and dental personnel. Organic mercu-
ry compounds and elemental mercury vapor can cause
central nervous system damage,"? and long-term expo-
sure (o inorganic (metallic) mercury vapor from dental
amalgam may increase the brain tissue concentration of
this neurotoxic metal.

In 1957, Frykholm® used radioactive isotopes of
" mercury in dental amalgam to demonstrate that systemic
mercury levels in patients returned to baseline measure-
ments 2 weeks after placement of dental amalgam
restorations. However, Frykholm's study did not address
long-term accumulation of mercury in brain tissue.
More recently, Svare et al.* demonstrated that minute
amounts of mercury vapor are continuously released
from dental amalgam restorations in humans and that
the release is accelerated 15-fold in expired air immedi-
ately after mastication. Abraham et al® reported a
correlation of inorganic mercury levels in the blood of
humans to the total surface area of occlusal dental
amalgam and that the amount of inorganic mercury was
enhanced cightfold immediately after mastication.
Schicle et al.* and Friberg et al.” reported a positive
corrclation between the number and sarfaces of
dental amalgam and mercury levels in human brain
tissue. ®

This project was conducted to determine whether a
positive correlation exists between the number of dental
amalgam occlusal surfaces in the oral cavity and the
mercury content of brain tissue.

METHOD

Examination of the cadaver dentition and collection of
brain tissue specimens from nonrandomized, sudden,
unexpected death subjects was conducted as part of

Presented a1 the Academy of Denture Prosthetics, Torunio, Ont.,
Canada.

*Clinical Assuciate Professor, Depanment of Restorative Dentistry,
University of Southern California, School of Densisiry.

**Ph.D. candidate, Karolinska Instituse.

nNNavRe

704

routine autopsy procedures at the Los Angeles Count
Coroner’s Office.

All of the brain tissue samples were collected i
Evergreen (Evergreen Scientific International, Inc., L«
Angcles, Calif.) polystyrene 17 mm by 100 mm sieri
specimen tubes (single lot number No. 0228-27, catalc
number No. 222-2(94-050) and immediately placed i
an ice chest with dry ice. The specimens were kept at
temperature between 0° C and minus 75° C until th
time of analysis.

Prior to laboratory analysis, subjects were defined :
cadavers with a minimum of five occlusal surfaces «
dental amalgam and a minimum of 10 posterior (premc
lars and first and second molars) teeth, and controls wer
defined as cadavers with 0 to 1 occlusal surface of dent:
amalgam and a minimum of 14 posterior teeth. Th
requirement of 14 posterior tecth was necessary 1
climinate the possibility of recent extractions of teet
with dental amalgam lcading to incorrect classification ¢
the cadaver. Only the occlusal surfaces were considere
because of the effect of mastication on the release ¢
mercury from dental amalgam. No dental amalgam wa
present on the anterior teeth of the controls.

The brain specimens, identified only by cadaver nam
and Coroner’s Officc number, were analyzed at th
National Medical Services (NMS) by using the metho
of Haich and Ou® for total mercury content by cole
vapor atomic absorption spectrophotometry, and at th:
Swedish Environmental Research Institute (IVL) by
radio chemical ncutron activation analysis after blinc
preparation at the Karolinska Institute (KI).

RESULTS
Atomic absorption

Three to five grams of white matter from the mic
frontal plane were collected from 38 adult cadavers an¢
6 10 9 grams of gray mater (cortex) and white mactes
from the occipital lobe were collected from an additiona!
39 aduk cadavers. These specimens were analyzed by
NMS using atomic absorption spectrophotometry with a
detection limit of 1 t0 4 ng Hg/gm wet weight dependent
on the size of the sample tested. Of the 77 samples, only
28 were above the detectable limit and no correlation
between mercury content and occlusal surfaces of den'al
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amalgam, age, sex, or race could be established on the
basis of the results obtained by CVAAS. :

Neutron activation analysis

Six to nine grams of gray matter (cortex) and white
matter from the occipital lobe were collected from 83
adult cadavers. These specimens were analyzed blindly
by IVL using RNAA*' The detection limit was
approximately 0.2 ng absolute (that is, 2 0.5 10 0.9 g
sample gave 0.4 10 0.2 ng/gm ww). Swndard reference
material from the Iniernational Atomic Energy Agency
(IAEA) was used w0 establish accuracy.

Results obtained by RNAA are presented in Tables I
and IL

ASSUMPTIONS

1. The mercury level of cadaver brain tissuc remains
constant from the time of death to the time it is
analyzed.

2. With a sample size of 83 cadavers, the exposure of
nondental environmental mercury to subjects with
dental amalgam is similar to the exposure of nonden-
tal environmental mercury to subjects without dental
amalgam.

LIMITATIONS

1. An clevation in the level of mercury in the brain could
occur from mercury exposure including food, paint,
cosmetics, medications, thermometers, clectronic com-
ponents, and environmental pollution.

2. Exposure to dental amalgam in primary teeth was
not determined. A control with no, or one, current
dental amalgam filling could have had an clevation in
the level of mercury in the brain based upon the
presence of dental amalgam in exfoliated primary
teeth.

DISCUSSION

Data from this project demonstratera positive correla-
tion between the number of occlusal surfaces of dental
amalgam and mercury levels in the brain. This indirect
evidence suggests that additional experimental research
is necessary to determine 10 what exient mercury from
dental amalgam fillings contributes 1o the body burden
of mercury in the brain. The relationship between
mercury levels in the brain and incipient clinical signs
and symptoms of mercury toxicity needs to be estab-
lished.

Fukuda" was able 10 elicit a “fine” tremor in the fore
and hind limbs of two of six rabbits exposed intermit-
tently 10 mercury vapor; the brain concentrations ranged
from 0.8 to 3.7 ug Hg/g wet weight. Kishi et al."? found
a decline in conditioned avoidance response in rats after
exposure to 3 mm Hg/m’ for 3 hr/day, 5 days/weck.
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Table l.;gulysis of mercury in l&y matter

Py Controls Intermediates Subjects
Number 16 16 -8l
Amalgam surfaces 0-1 15-4 5-145
Age range 17 - 40 13-48 14-59
Age mean 277 287 30

Ng/g Hg mean 6.70 1057 - ° 1521
Ng/g Hg range 19-22.1 21-27.6 3-1214
Standard deviation 5.08 6.32 18.26

Companson of controls to intermediates
Mann-Whitney u test (one-tail): u=69; z=222; p
<.0132

Comparison of controls to subjects
Mann-Whitney u test (one-tail): u= 252; z2=229; p
<.011

Table II. Analysis of mercury in white matter

Controls Intermediates Subjects

Number 13 12 35
Amalgam surfaces 0-1 15-4 5-145
Age range 17 - 40 13-48 14-59
Age mean 27.1 27 318
Ng/g Hg mean 3.80 6.58 11.22°
Ng/g Hg range 14-7.1 1.3-139 1.7 - 110.1

Standard deviation  1.90 3.50 18.41

Compansons of controls to intermediates :
Mann-Whitney u test (one-tail): u = 42; z = 1.96; p < .025

Comparison of controls to subjects
Mann-Whitney u test (one-tail): u=105; z=284; p
< .0025

The time of onset of effects varied from 12 t0 39 wecks.
All rats recovered to preexposure bascline levcls of
performance within 12 wecks after the termination of
exposure. Significantly, poor performance was noted at
brain concentrations of 20 ug Hg/gm wet weight and
recovery to normal behavior was observed when the
brain levels fell 10 10 ug Hg/gm wet weight. No
pathologic changes in brain tissue were observed. Unfor-
tunately, the levels of mercury in the huran brain
sufficient to cause early symptoms of erethism in thz
most susceptible persons is not known.

Our data demonstrate a 35% higher level of total
mercury mean value in the gray matter (coriex) than in
the total mcrcury mean value in the white matter.

Dental amalgam contains inorganic mercury. In this
study, however, total mercury was measured because ol
the b.i-dircctional conversion between inorganic and
organic mercury in humans.

The overall results from ncutron activation analysi:
averaged more than 3.7 times higher than the overal
results from atomic absorption. Direct comparisor
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between RNAA and CVAAS was made by collecting
two duplicate specimens of 35 cadavers. In this popula-
tion, the CVAAS range was <1 to 14 ng Hg/gm,
mean = 2.81 ng Hg/gm; the RNAA range was 3 10 28.7
ng Hg/gm, mecan = 10.5 ng Hg/gm. Our data suggest
that neutron activation analysis may be a more sensitive
method of measuring the mercury content in brain
tissue.

The exposure of a 7-month-old fetus to mercury was
documented by the analysis of brain tissue from a gravid
cadaver. The cadaver dentition contained 14 total sur-
faces of dental amalgam with nine occlusal surfaces. A
brain tissuc sample was obtained from the fetus immedi-
ately upon the removal from the womb. Analysis of the
mother’s brain tissue revealed 6.7 ng/gm in white matter
and 9.9 ng/gm in gray mater (cortex); analysis of the
fetal brain tissue revealed 2.8 ng/gm in white matter and
6.7 ng/gm in gray matter (cortex).

The mercury in fetal brain tissue most likely arrives
through the placenta from maternal blood. The tempo-
rary high levels of mercury in the blood immediately
following the removal and placement of dental amalgam
has been documented.’ Although the toxic or teratogenic
levels of mercury in human fetal brain tissuc have not
been established, the removal and insertion of dental
amalgam for gravid patients, or women of child-bearing
age with the possibility of pregnancy, should be avoided
whenever practical.”

Of interest was the extremely high mercury measure-
ment of one automobile accident victim that was not
included in the statistical data. A 53 year-old, well-
nourished, slightly obese white woman, whose weight
was 55.8 kg and height 135 cm, suffered multiple
blunt-force traumas including a maxillary fracture and
laceration of the mouth as the driver of an automobile
that ran head-on into a cement pole at an estimated
speed of 50 kph. A towal of 30 surfaces (12.5 occlusal
surfaces) of dental amalgam were present in the teeth.
The victim survived approximately 1 Four after the
accident.

Duplicatc samples measured 13.6 and 19.5 ug Hg/gm
wet weight of gray matier from the occipital lobe cortex
and 6.38 and 11.75 ug Hg/gm wet weight of white
matter from the occipital lobe cortex. This level of
mercury is approximately 1000 times the mean level of
subjects in the cadaver study.

Had this person survived the automobile accident, the
level of mercury in the brain probably would have
contributed to symptoms of erethism. Emergency room
physicians should be advised to check the blood levels of
mercury in survivors of major trauma to the oral cavity
associated with the presence of dental amalgam.

Because of the high level of mercury in the brain,
samples of the kidney and liver were subsequently
analyzed. Measurements showed 1.22 pg Hg/gm wet
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indicating a general systemic contamination of =
ry- e
SUMMARY

Data from this project demonstrate a positive correla-
tion between the number of occlusal surfaces of dental
amalgam and mercury levels in the brain (a <°.0025 in
white matter). This is indirect evidence suggesting that
mercury from dental amalgam fillings may contribute to
the body burden of mercury in the brain. The toxic levels
of mercury in human tissues have not been sufficently
investigated and the amount of mercury in human brain
tissue from dental amalgam may or may not be clinically
significant. Nevertheless, dental amalgam exposure
should be considered in monitoring sources of mercury
accumulation in human brain tissue.

The assistance of Dr. Komblum, Chief Medical Examiner-
Coroner, and the Los Angeles Coroner’s Office staff is graicfully
acknowledged, with special appreciation 1o Mr. Sieven Dowell.

REFERENCES

1. Friberg L, Vusial J. Mercury in the environment. Boca Raton,
Fla., CRC Press, 1972.

2. Berlin M. Mercury. In: Friberg L, Nordberg GF, Vouk V, eds.
Handbook on the toxicology of metals. 2nd cd. Amsierdam:
Elsevicr, 19806.

3. Frykholm KW. On mercury from dental amalgam. Its wxic and
allergic eifects and some comments on occupational hygiene. Acta
Odontol Scand 1957;15(suppl):1-108.

4. Svare C, Petcrson L, Reinhardi J, Boyer D, Frank C, Gay D,
Cox R. The cffect of dental amalgams on mercury levels in
expired air. ] Dent Res 1981,60:1668-71.

S. Abraham JE, Svare CW, Frank CW. The effect of denual
amalgam restorations on blood mercury levels. J Demt Res
1984;63:71-3.

6. Schicle R, et al. Studies on the mercury content in brain and
kidney related to number and condition of amalgam fillings.
Institution of Occupativnal and Social Medicine, University ol
Eclungen, Niraberg, Wesi Germany. Presented at the “Amal-
gam— Viewpoints From Medicine and Dental Medicine Sympo-
sium” March 12, 1984, Cologne (Kdin), West Germany.

7. Friberg L, Kuliman L, Lind B, Nylander M. Kvicksilver i
centrala nervsysiemet i relation till amalgamfyliningar. Lakar-
tidningen 1986;83:519-22.

8. Haich WR, Ou WL. Determination of sub-microgram quanti-
ties of mercury by atomic absorption specurophotometry. Anal
Chem 1968,40:2085.

9. Dusan B, Kristiansson S, Lundberg A, Skardin I-L, Wemer J,
Omerdahl G. Routine analysis of mercury. A comparative siudy
beiween two methody; neutron activation and Hameless atomic
absorption. Stockholm: Swedish Environmental Rescarch Insui-
tute, Reponn No. B758.

10. Sjosirand B. Simultancous determination of mercury and arsenic
in biological and organic materials by activaiion analysis. Anal
Chem 1964;36:814.

11. Fukuda F. Meullic mercury induced tremor in rabbits and
mercury content of the central nervous sysiem. Br J lnd Med
1971,28:308-11.

12. Kishi R, Hashimato K, Shimizu S, Kobayashi M. Behavioral
changes and mercury concentrations ia tissues of rals exposed 10
mercury vapor. Toxicol Appl Pharmacol 1978;46:555-66.

weight of kidney and 294 ng Hg/gm wet wcigh@fﬂqu.v q (1)3. World Health Organization: Recommended health-based limite
VUV § t‘.l

706

DECEMBER 1907 VOLUMESS NUMBER ¢



14

TN Y T T T

MERCURY IN BRAIN TISSUE

in occupational exposure to heavy metals. Repont of a WHO
sudy groyp. WHO Tech Rep Ser 1980;467:1-116..

Reprini requests to:

Da. Davip W. EccLasTon
1441 Avocano Ave., No. 508
Newrost Brach, CA 92660

Contributing authors
Stephen C. Suffin, M.D., Consultant, SmithKline Lab-

oratorics, Woodland Hills, Calif.

James T. Martinoff, M.D., Ph.D., Director of Cu:
lum Development, University of Southern Califc
Schools of Pharmacy and Medicine, Los An
Calif. 3

Michael F. Rieders, Ph.D., National Medical Ser
Willow Grove, Pa.

000791

tion.

Announcing a sectioa for clinical reports -

The JournaL of ProsTHETIC DENTISTRY is pleased to annc a new secti Clinical repons.
This section will contain reports of the clinical wreaiment procedures of a patient that will be of
special interest 10 our readers. A CLINICAL REPORT should be no longer than three to four
double-spaced, typewritten pages supplemented by no more than eight good-quality, descriptive
color illustrations. CLINICAL REPORTS will be evaluated in the same manner as all other
manuscripts that arc submitted 10 the Journal of PRosTHETIC DENTHTRY for possible publica-
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