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FIGURE 1. A 33-year-old white man presented with dentoalveolar abscess requiring debridement. Presurgical chest x-ray
revealed multiple metallic densities, leading to a heavy metal screen. Mercury level was 67.0 pg/dl (normal < 1.0 pg/dl).
Following x-ray confirmation of large radiodense deposits in the arms (left, Annals of Neurology 1994; 35:684, reprinted with
permission from John Wiley and Sons, Inc.),! the pa-
tient acknowledged intravenously injecting mercury
obtained from his work site. Magnetic resonance im-
aging (right) obtained several years later revealed
areas of abnormality in the white matter deep to the
precentral gyrus (arrowhead) and at the lateral bor-
der of the putamen bilaterally (arrows). Multiple
psychiatric interviews during this period found the
patient to be disheveled, disfigured, uncooperative,
depressed, with significant shyness and progressive
worsening of judgment and insight. The family
noted significant personality change. The patient re-
vealed during interviews that he was intoxicated on
cocaine and alcohol when the injection of mercury
occurred.

COVER and FIGURE 2. The areas most
vulnerable to mercury poisoning are il-
lustrated on magnetic resonance images.
These include the primary sensory and
motor cortices: calcarine region (blue),
pre- and postcentral gyri (green), and
temporal transverse gyrus (pink). Cere-
bellar granule cells (but not Purkinje
cells) are also very vulnerable, and atro-
phy is seen in the vermes and hemi-
spheres (yellow).

COVER and FIGURE 3. An entire family, including the pregnant mother, had sev-
eral months of mercury exposure as a result of consuming a hog that had been fed
seed grain treated with methylmercury fungicide.” The child exposed in utero was
born mute, blind, severely mentally retarded, with quadriparesis, choreoathetosis,
and seizures (died at age 21). The child exposed at 8 years of age also became mute,
blind, with quadriparesis, choreoathetosis, and seizures (died at age 29). The child ex-
posed at 13 years of age had cortical blindness, dysarthria, ataxia and deficits in at-
tention and learning when examined at age 35. The child exposed at 20 years of age
had loss of peripheral vision, poor hand coordination, and mild cognitive deficits
when examined at age 42. The parents and two of the children (exposed at ages 9 and
16) were asymptomatic. Autopsy of the child exposed at 8 years found widespread
cortical atrophy, thinning of the corpus callosum, and while matter shrinkage (upper
panel). Microscopic examination (hematoxylin and eosin stain) of the paracentral cor-
tex found diffuse status spongiosus in the deeper layers and gliosis with loss of neu-
rons in the upper layers (lower panel, Annals of Neurology 1994; 35:684, reprinted
with permission from John Wiley and Sons, Inc.).
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Mercury—containing compounds have been in use
for at least several thousand years. An early ex-
ample is the use of cinnabar (mercury sulfide) to make
red ink in ancient China.’> Mercury occurs naturally in
three major forms. Elemental mercury (Hg, quicksilver)
is a liquid at room temperature. The liquid metal does
not absorb through the skin to any great extent and, if
ingested, will pass out of the body via an intact gastro-
intestinal tract without significant uptake. However, it
vaporizes easily, and inhaled mercury vapor is quite
toxic. Mercury also forms many inorganic compounds
(salts, such as mercurous chloride) and organic com-
pounds (carbon containing, such as methylmercury,
MeHg). Historically, certain manufacturing techniques
(e.g., making felts for hats, silvering glass for mirrors)
were associated with chronic exposure to mercury and
development of toxicity.>* Medicinal uses have included
treatment of syphilis, use of elemental mercury as a laxa-
tive, and inclusion of calomel (mercury chloride) in
teething powders. Some traditional herbal medicines
contain mercury, and it continues to be used in ethnic
religious and magical practices.”® Occupational expo-
sures still occur, principally in manufacturing (e.g., mer-
cury arc lamps, fluorescent tubes, thermostats, and other
regulating devices) and mining (e.g., mercury smelting,
extraction of gold from ore). The most widespread
sources of exposure to mercury now (Table 1) are
through bioconcentration of methylmercury in the food
chain and inhalation of elemental mercury vapor from
dental amalgam (~50% metallic mercury).*”®

Elemental Mercury

Mercury vapor is highly diffusible and lipid soluble,
thus it is easily absorbed.>” Initially it distributes prin-
cipally to red blood cells and then throughout the body.
It crosses both the blood-brain and blood-placental bar-
riers. Studies in nonhuman primates of mercury depo-
sition in the cortex following exposure to mercury vapor
found a clear laminar pattern in adults, with higher con-
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centrations in pyramidal cells in the deeper layers.” Ex-
posure in utero resulted in a lower level of deposition
into the brain that was similar in all layers. The dis-
solved mercury vapor can oxidize to form inorganic
mercuric mercury, a process that is inhibited by ethanol.
Elimination is slow, with an average half-life of about 8
weeks for the body and possibly years for the brain.>'’
Fecal elimination predominates during the first week,
with renal elimination predominating thereafter. Thus,
urinary level of mercury (usually expressed as pg Hg/
g creatinine or ug Hg/liter urine) is commonly used as
an indicator for chronic exposure to mercury vapor
and/or inorganic mercury compounds.'’ Unlike meth-
ylmercury, these are not readily accumulated into
hair.>!!

Symptoms of acute intoxication include shortness of
breath, chest pain, dyspnea, paroxysmal cough, chills,
nausea and vomiting, diffuse joint swelling, and rash.>'2
Chronic exposure commonly results in oral cavity le-
sions, tremor, decreased coordination, decreased sensa-
tion, and psychiatric symptoms including anxiety, ex-
cessive timidity, and pathological fear of ridicule (Figure
1). Acrodynia (pink disease), a rare reaction to elemental
or inorganic mercury exposure in children, is character-
ized by sweating, redness and swelling in the hands and
feet, progressive weight loss, insomnia, weakness, apa-
thy, hypotonia, hypertension, and tachycardia.>>'>'*
The similarity in presentation to pheochromocytoma
has been noted.'*"” MRI findings have included hyper-
intense lesions in multiple regions such as the paracen-
tral area, frontal white matter, and basal ganglia (Figure
1)."'% A single slice single photon emission computed
tomography (SPECT) study in a patient with chronic in-
organic mercury poisoning showed increased regional
cerebral blood flow (rCBF) in the posterior cingulate.'?

TABLE 1. Mercury Exposure

Elemental mercury - spills from mercury containing devices (e.g.,
thermometer, barometer, sphygmoman-
ometer)

— workplace exposure

— dental amalgam

— injection or ingestion

— ingestion of ruptured disk battery

- calomel

— fungicide exposure

- seafood, especially if predatory

- germicide exposure (merbromin
[Mercurochrome], thimerosal)

Inorganic mercury

Organic mercury

Adapted from Kulig K: A tragic reminder about organic mercury.
N Engl ] Med 1998; 338:1692-1694
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Clear toxicity has been reported for exposures result-
ing in urinary levels of 50 to 100 ug Hg/liter. The effects
of lower levels are still a subject for debate. A recent
review of studies of dental professionals, for example,
concluded that the evidence for adverse effects in adults
associated with urinary levels =22 pg Hg/liter was
weak.? They noted, however, that these studies did not
address the possibility of much higher exposures in the
past resulting in irreversible effects. The potential tox-
icity associated with amalgam dental fillings is a partic-
ular area of controversy. An autopsy study in adults that
measured both organic and inorganic mercury in blood
and body tissues estimated an increase of about 1.5 pg
Hg/kg of occipital cortex for every 10 amalgam dental
fillings.'® The authors noted that individual differences
were considerable, and correlation between number of
amalgam fillings and inorganic mercury in the brain ac-
counted for only 30% of the variance. Two recent ran-
domized studies in children compared neurobehavioral
measures between groups receiving amalgam and resin
composite fillings.'”'® Both studies found significantly
increased urinary mercury in the amalgam group at fol-
low-up. In one, measures at the 5-year follow-up ex-
amination indicated no significant differences between
groups in full-scale IQ (study powered to detect a 3-
point reduction) or in tests of memory and visuomotor
function.'” In the other, measures at the 7-year follow-
up examination indicated no significant differences in
memory, attention, visuomotor function, or nerve con-
duction velocities.'"® As noted by authors of both studies
and in the accompanying editorial, neither study was
designed to address effects in potentially more vulner-
able populations (e.g., genetic predisposition to mercury
toxicity, patients younger than 6 years old)."

Organic Mercury

Although there are many other organic mercury com-
pounds, most human exposure is to methylmercury,
which crosses both the blood-brain and blood-placental
barriers and principally damages the CNS.>* Ingested
methylmercury is distributed first to the blood and then
throughout the body, with ~5% remaining in the blood.
The mercury content of red blood cells provides a reli-
able measure of methylmercury exposure in the absence
of significant exposure to inorganic mercury com-
pounds.'! The ratio of brain to blood concentration is in
the range of 5 to 10:1.%' Elimination is primarily through
feces, with a half-life of 6 to 10 weeks.**' Methylmercury
is also converted to inorganic mercury by intestinal
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flora. Scalp hair accumulates methylmercury, and anal-
ysis of one cm segments is used as a surrogate measure
to estimate monthly exposure history for the brain.*!'"*!
This method is less than ideal, however, as there is no
way to differentiate mercury that is within the hair from
mercury that is on the surface.”? Cleaning procedures
will not reliably remove surface mercury.** External
contamination may occur from a variety of sources, in-
cluding nearby gold mining and use of mercury-con-
taining personal care products. Analysis of toenail clip-
pings has also been used to estimate exposure to
methylmercury.'®

The major route of exposure to methylmercury is
through consumption of fish and marine mammals. In-
organic mercury, present in the environment as a result
of emissions from both natural (e.g., volcanoes) and hu-
man (e.g., coal-burning power stations) sources, is con-
verted to methylmercury within microorganisms in
aquatic sediments, allowing it to enter the food chain.
Biomagnification occurs at each ascending level of the
food chain. Thus, the highest concentrations are found
in muscles of longer-living aquatic predators (e.g., pike,
shark), principally as a methylmercury cysteine com-
plex.** Industrial pollution is another source. It can re-
sult in localized areas in which the level of methylmer-
cury in fish is very high, as happened in Minamata Bay
in Japan. The other major occurrence of widespread
mercury poisoning resulted from the use of seed grain
that had been treated with methylmercury fungicide for
bread making in rural areas of Iraq.’ Studies over the
past several decades of these two populations have
helped to delineate the effects of both adult and prenatal
methylmercury exposure.”” Methylmercury’s high af-
finity for thiol groups provides multiple potential tar-
gets, and many possible mechanisms for neurotoxicity
of methylmercury have been proposed.**” Animal
studies indicate that methylmercury can induce cell
death by both apoptosis and necrosis. It can have mul-
tiple deleterious actions at the cellular level, including
disruption of microtubules (a key cytoskeletal compo-
nent), increased generation of reactive oxygen species,
and disruption of calcium homeostasis.

Symptoms of acute exposure to methylmercury in
adults (Minamata disease) may include impairments in
all primary sensory modalities (blurred vision, with bi-
lateral and symmetric constriction of the visual fields;
bilateral deficits in hearing, with speech discrimination
more impaired than pure tone; deficits in smell and
taste; distal paresthesias with preserved or hyperactive
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tendon reflexes) as well as dysarthria and cerebellar
ataxia. Psychiatric symptoms are common and include
loss of volition and apathy, excessive interpersonal sen-
sitivity, perseveration, and loss of inhibition.**?” Symp-
toms may not be immediate, but rather may first occur
weeks to months after the exposure.”>* In one well-doc-
umented case, a scientist first displayed clear signs of
poisoning 4 months after a single exposure to dime-
thylmercury.”® Mercury in this form is easily absorbed
through the skin and by inhalation and is highly toxic.
Postmortem studies indicate that the most vulnerable
sites in the cerebrum are the primary sensory and motor
cortices (calcarine region, precentral gyrus, postcentral
gyrus, temporal transverse gyrus) (Figure 2).2%7%
Cerebellar granule cells (but not Purkinje cells) are also
very vulnerable. Evidence of perivascular edema and
demyelination are common. Secondary degeneration of
tracts is seen in patients with long survival times.
Chronic exposure to methylmercury in adults is most
commonly manifested in distal paresthesias.”” Touch
threshold is increased in all areas of the body. Cerebellar
ataxia is not usually seen, but sensory ataxia and pseu-
doathetoid movements may be present. The injury is to
the somatosensory cortex, as indicated by preservation
of tendon reflexes, normal conduction velocity in the
sural nerve, and abnormality of the short-latency so-
matosensory evoked potential. A SPECT study com-
pared rCBF in elderly patients with mild chronic meth-
ylmercury poisoning to age-matched healthy
individuals.* The groups had similar incidence of white
matter abnormalities on MRI. There were no significant
differences in cortical rCBF between the groups. Cere-
bellar atrophy was present in 27% of the patients with
methylmercury exposure and none of the participants
in the matched comparison group. Regional CBF was
significantly decreased in cerebellum even in patients
without visible atrophy.

Vulnerability to methylmercury poisoning is age-re-
lated, with susceptibility decreasing with increasing
age.? Exposure to organic mercury compounds during
gestation results in severe injury to the infant brain at
dose levels below those that are toxic to the
mother.>****? High exposure can result in very severe
developmental disorders (e.g., mental retardation, ce-
rebral palsy, blindness, deafness) (Figure 3).>*” Symp-
toms of moderate exposure include psychomotor and
personality disturbances, intellectual deficits, and epi-
lepsy. Unlike the focal neuropathological changes that
are found following adult exposure, prenatal and early
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childhood exposure results in very widespread changes
including status spongiosus of the cerebral cortex (Fig-
ure 3) 23252729

Lower levels of prenatal exposure are associated with
more subtle deficits such as developmental delays.
However, differences among the major epidemiological
studies complicate identification of lowest-observed ad-
verse effects level.>*** One very important difference
that makes comparisons across studies difficult is in the
type of seafood consumed. In one study, the major
source of methylmercury was routine consumption of
sea fish (mercury level <0.5 ug/g, 0.3 ppm). In another
study, a major source was episodic consumption of pilot
whale meat (mercury level up to 3 ug/g, 1.6 ppm) and
blubber, resulting in much higher periodic mercury ex-
posures as well as exposure to other toxic substances
contained in the blubber.>*! Competition between posi-
tive and negative factors complicates analysis. The pos-
sible long-term detrimental effects of occasional expo-
sure to higher levels of mercury and the potentially
protective effects of the various nutritional factors con-
tained in fish (e.g., long chain polyunsaturated fats, mi-
cronutrients, selenium) may be relevant.’*'* Other as-
pects of maternal diet, such as alcohol consumption and
fiber intake, may also be important as they can alter ab-
sorption and /or elimination of methylmercury.

The other organic mercury compound that is pres-
ently of great interest is ethylmercury thiosalicylate (thi-
merosal, Merthiolate), which until recently was com-
monly used as a preservative in medicines, including
vaccines. Use in vaccines was halted in the United States
based on lowered exposure limits for methylmercury is-
sued by the Environmental Protection Agency.*® A re-
cent study in nonhuman primate infants compared
brain and blood levels of mercury following exposure
to either ethylmercury (intramuscular injection, dosing
designed to mimic typical vaccination schedule) or
methylmercury (oral, equivalent total dose of mer-
cury).”” The absorption rates and initial distribution vol-
umes for mercury were similar. Uptake into brain and
elimination from the body were quite different. Concen-
tration of mercury in the brain following ethylmercury
administration was approximately one-third the level
found following methylmercury administration. More
than 30% was in the less toxic inorganic form, compared
to less than 10% for methylmercury. Clearance of ethyl-
mercury was also two to three times faster than meth-
ylmercury for both blood and brain. As noted by the
authors,” these results indicate that methylmercury is

387



MERCURY EXPOSURE

not an appropriate reference for assessing risk related to
ethylmercury exposure. These results have been par-
tially confirmed in human infants.” The blood half-life
of ethylmercury in infants following intramuscular in-
jection of vaccine is much shorter than the blood half-
life of oral methylmercury in adults.

The proposed association between thimerosal expo-
sure and autistic spectrum disorder has received exten-
sive attention.’® As recently reviewed, most epidemio-
logical studies have not found an increased incident of
autistic spectrum disorder due to vaccine exposure.”” A
case control study found no significant difference in hair
or blood mercury level between children with autistic
spectrum disorder and healthy children, although oth-
ers have disagreed with this analysis.***! It has been
suggested that some individuals with autistic spectrum
disorder may have heightened vulnerability due to im-
paired elimination of mercury.* Mechanisms that have
been implicated include lower glutathione levels, al-
tered immune system function, and elevated exposure
to oral antibiotics early in life.****

Both acute and chronic exposure to toxic substances
may contribute to the development of neurodegenera-

tive diseases such as Alzheimer’s disease, Parkinson’s
disease, and amyotrophic lateral sclerosis.**>*¢ Injury
can occur by direct mechanisms and/or indirectly by
altering susceptibility at later ages to disease develop-
ment. For example, elevated levels of mercury have
been found in both blood and brain in patients with
Alzheimer’s disease, suggesting that its accumulation
may be a factor in the development of this disease.*
Proposed mechanisms for delayed effects include mer-
cury-induced increased formation of insoluble B-amy-
loid, mercury-induced increased formation of reactive
oxygen species during oxidative stress, excitotoxicity
due to inhibition of glutamate reuptake, and increased
glial reactivity promoting neuroinflammatory pro-
cesses. 4748

In summary, mercury has been known since antiquity
to be both a useful and a harmful heavy metal. As one
examines patients across the lifespan, significant expo-
sures at younger ages are most devastating. However,
chronic lower level exposures at any age can also lead
to neuropsychiatric symptomology and reaffirms the
necessity to include poison/toxin exposure questions in
a clinical interview.
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