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Case Presentation

A 41-year-old woman attempted to treat her sinus conges-
tion with a complementary and alternative medicine (CAM)
product consisting of dime-size white pellets originally
purchased in Vietnam by a family member who brought it
with her to the USA. The remedy was obtained from one of
her relatives who stated that treatment with these pellets
had alleviated similar symptoms of other persons from her
hometown in Vietnam. The patient was advised to heat the
pellets on an electric stove for 2–3 days at various times,
and inhale the fumes that were produced. After using the
product for 2 days, she developed generalized malaise, dry
skin, and poor appetite. She was later informed by a family
member in Vietnam that the remedy may contain mercury
and lead. She presented to her primary care clinic for metal
testing, where initial total blood mercury (organic plus

inorganic) and total blood lead concentrations were
found to be 409 μg/L (normal, ≤10 μg/L) and 1 μg/L
(normal, <10 μg/L), respectively. Her physician advised
her to discontinue this treatment and was subsequently
referred to the authors’ toxicology clinic.

The patient’s initial evaluation in our toxicology clinic
was approximately 4 weeks after her initial exposure to the
CAM product, and she continued to describe overall
malaise and dry skin. She also complained of depressed
mood and poor appetite. On physical examination, the
patient was in no distress and her vital signs included a
temperature of 36.9°C, heart rate of 109 beats per minute,
blood pressure of 125/81 mmHg, and respiratory rate of 18
breaths per minute. Her oral exam showed mild erythema
of the tongue, but no evidence of gingivostomatitis (which
may occur with mercury toxicity). Her mini-mental status
examination including orientation to person, place, time,
attention, immediate and delayed recall, naming, repetition,
reading, writing and copying was normal. She was able to
follow a three-stage command with no difficulty. No other
abnormalities were noted on the remainder of her neurological
examination, which included gross cranial nerve testing, deep
tendon reflexes, muscle strength, gait, cerebellar function, and
sensation to pin-prick testing. Her skin exam was notable for
generalized dryness of the extremities.

A complete blood count showed a white blood cell count of
6.8 k/μL (normal, 4–10.5 k/μL), hemoglobin of 14. 4 g/dL
(normal, 12–15 g/dL), a hematocrit of 44.5% (normal,
36–46%), and a platelet count of 255 k/μL (normal,
150–400 k/μL). A complete metabolic panel showed a
sodium of 137 mEq/L (normal, 135–145 mEq/L),
potassium of 4.2 (normal, 3.5–5.3 mEq/L), chloride of
104 mEq/L (normal, 96–112 mEq/L), blood urea
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nitrogen of 14 mg/dL (normal, 6–23 mg/dL), and
creatinine 0.71 mg/dL (normal, 0.4–1.2 mg/dL). Liver
enzymes were reported as alanine aminotransferase
(ALT) 15 U/L (normal, 0–37 U/L) and aspartate
aminotransferase (AST) 12 U/L (normal, 0–35 U/L).
Finally, a total blood venous lead concentration was
1.0 μg/dl (normal, <10 μg/dL). Recommendations were
made at this visit for repeat mercury testing in our
laboratory. While awaiting results, the patient was
empirically started on a 20-day chelation regimen with
oral 2,3-dimercaptosuccinic acid (DMSA or succimer),
400 mg by mouth three times a day for 5 days followed
by 400 mg by mouth twice daily for 2 weeks. She was
advised to not use the product and was discharged
home. Laboratory results returned after 1 week revealing
a total blood mercury concentration of 61 μg/L and a
24-h urine mercury concentration of 497 μg/g creatinine
(normal, 0–10 μg/g creatinine). The patient was notified
of these results and advised to continue the full course
of chelation regimen with follow-up in 4 weeks.

What Are the Three Different Forms of Mercury?

Mercury exists in three different forms, including elemen-
tal, inorganic, and organic. These forms vary in their
physical, chemical, and kinetic properties. Clinical mani-
festations of each form in toxicity also differ. Elemental
mercury, or hydrargyrum, is represented by the symbol Hg
and is classified as a transition metal with atomic number
80. It is also known as metallic mercury and exists as a
silvery nonflammable liquid at standard temperature and
pressure. Elemental mercury, or “quicksilver”, evaporates
slowly even at standard temperature, but when heated
releases even more vapor, which can be extremely toxic
when inhaled [1]. Liquid mercury is poorly absorbed after
ingestion; hence, inhalation is the most common route of
exposure that leads to poisoning. Acute inhalational
exposures to elemental mercury predominantly occur in
three scenarios: occupational settings involving industrial
accidents, accidents within the home, and in association
with attempts to remove precious metals such as gold from
mercury amalgams [2]. Vapors released by elemental
mercury are rapidly absorbed by the lungs and can be
irritating to the mucous membranes and pulmonary system.
Due to its high lipophilicity, approximately 80% of inhaled
elemental mercury vapor is absorbed by the alveoli. It then
enters the systemic circulation where it is rapidly oxidized
to mercurous (Hg+1) and mercuric (Hg+2) cations which
distribute throughout the body [3]. This enzymatic reaction
occurs within the red blood cell by the catalase-hydrogen
peroxidase pathway and results in accumulation of the
divalent cations within various cells [4]. In particular, these
cations accumulate in the central nervous system (CNS)

after penetration across the blood–brain barrier (BBB).
Monovalent mercurous (Hg+1) and divalent mercuric
(Hg+2) cations are less lipophilic than elemental mercury
and once inside the CNS cannot cross over the BBB again.
For this reason, the CNS is particularly susceptible to
toxicity following elemental mercury exposure as mercu-
rous and mercuric cations are essentially “trapped” in
neuronal tissue and can accumulate with resulting neuro-
toxicity. In addition, mercurous mercury is a less soluble
form than mercuric mercury and the production of insoluble
compounds like mercurous sulfide and mercurous selenide
are also thought to contribute to mercury accumulation in
the CNS with resulting neurological damage [5].

Inorganic mercury compounds usually exist as salts,
white powders or crystals. Ingestion is the most common
route of exposure for inorganic mercury toxicity. These
compounds, such as mercuric chloride, can be extremely
corrosive to the gastrointestinal (GI) tract even though only
10–40% of a dose is absorbed across the GI mucosa [6].
Dermal absorption of inorganic mercury containing creams
can occur depending on the concentration of mercury and
the ion to which it is bound.

Organic mercury consists of compounds containing
carbon molecules such as aryl, short-chain alkyl, and
long- chain alkyl forms. Methylmercury is the prototypical
short-chain alkyl mercury and one of the more common
forms found in the environment. Phenylmercury is an aryl
compound whose carbon–mercury bond is more labile than
methylmercury. Upon absorption from the GI tract, phenyl-
mercury converts into inorganic mercury and ultimately
follows the kinetics and toxicity pattern of inorganic
mercury salts.

What is Currently Known about the Heavy Metal Content
and Exposure from the Use of CAM Products
from around the World?

The National Center of Complementary and Alternative
Medicine define CAM as a group of diverse medical and
healthcare systems, practices, and products that are not
generally considered part of conventional medicine. The
available literature regarding metal content of CAM
products specifically from Vietnam is scarce; however,
limited data collected from other Southeast Asian countries
where similar products are used and available are revealing
[7–9]. These data suggest that heavy metals like mercury
may be found in CAM products as a result of both
unintentional contamination and intentional addition for
purported benefit. For example, Ayurvedic medicine is an
ancient Indian medical practice which uses alternative
medicines that combine herbs, minerals, and metals in
various proportions [7]. In a 2004 study of CAM products
manufactured in India, the three most commonly detected
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metals were lead, mercury, and arsenic [8]. Similarly, a
study from 2008 examining the heavy metal content of
Ayurvedic products available on the internet suggested that
20.7% of the products analyzed had some detectable
quantity of metal and the prevalence of metals in US-
manufactured CAMs was only slightly higher than CAMs
manufactured in India (21.7% versus 19.5%) [9]. Metal
content in these products was further analyzed using X-ray
fluorescence spectroscopy and one product contained
20,800 μg of mercury per gram of product [9]. The
mercury content in these products, if ingested, could result
in daily intake amounts exceeding currently published
regulatory standards, e.g., for mercury 30 μg/day [10]. An
examination of CAM products used in Ayurvedic practices
suggests that conversion of trace metals contained in these
products to less toxic mixed-oxides may explain the lack of
generalized health effects seen in users [11]. In addition, a
unique form of Ayurveda, known as Rasa Shastra, consists
of the intentional mixing of herbs, metals, minerals, and
gems in order to detoxify the body and alleviate various
conditions [12].

Many world civilizations have historically considered
mercury to contain healing and curative properties. There-
fore, it is not surprising that ancient cultures of Southeast
Asia may utilize this element in the manufacturing of
medicinal products. Although it is not known whether
specific CAM products used in the Ayurvedic practices of
India are also used in other countries such as China and
Vietnam, they are thought to be similar and derived from
shared cultural practices. These practices may involve the
use of similar ingredients including heavy metals like
mercury for purported medicinal value [13]. Finally, certain
religions like the Santeria (Cuban-based), Voodoo (Haitian-
based), Palo Mayombe (Caribbean-based), and Espiritismo
(Puerto Rican-based) use elemental mercury in religious
and cultural ceremonies, since mercury was considered to
be the element of the Gods and could be used to convert
other metals into gold. It may be heated to form vapors that
are inhaled, or sold as liquid beads and capsules that are
made into decorative jewelry.

What is Known about the History of Mercury-Containing
Products in Medicine and Health?

Mercury is used worldwide for a variety of medical
conditions and, for centuries, was used in Western and
Eastern civilizations as a medicinal remedy. Syphilis was
common in the eighteenth century and administration of
mercuric sulfide, or cinnabar ore, an inorganic mercurial
compound, was reportedly effective. Cinnabar required
both oral dosing and skin application, and is believed to
have behaved like a primitive antibacterial chemotherapy
[14]. These skin applications and the establishment of

homeopathy in the eighteenth century, led to a practice of
grinding compounds into a fine paste to enhance their
clinical effectiveness. In some homeopathic rituals, mercu-
ric paste is still used today in the treatment of syphilis. The
use of mercury-containing laxatives for the treatment of
constipation and preparations containing mercurous chlo-
ride (calomel) for the treatment of ascariasis are also well
documented [15].

Mercury-containing dental amalgams is a large source of
exposure to elemental mercury in the general population.
Dental amalgam is a widely used restorative material that
was introduced over 150 years ago. Mercury is bound
within the amalgam and small amounts of mercury vapor
are released from these fillings while chewing. The vapor is
then absorbed through oral mucous membranes and under-
goes oxidation in the oral cavity to inorganic mercury
before entering the systemic circulation. Dentists used
amalgams in tooth fillings that have historically contained
up to 50% elemental mercury. Although the debate about
the safety of mercury-containing dental amalgams contin-
ues, they are still used today. Use of dental amalgams is
regulated by the Food and Drug Administration (FDA), and
in 2008 the FDA reviewed the best available scientific
evidence to determine whether the low concentrations of
mercury vapor associated with dental amalgam fillings and
mastication are a cause for concern. Based on this evidence,
the FDA considers dental amalgam fillings safe for adults
and children ages 6 and above. In addition, the amount of
mercury vapor released in chewing is typically not enough
to exceed the World Health Organization’s (WHO) accept-
able daily intake for total mercury [16]. Finally, the Center
for Disease Control (CDC) does not consider the amount of
mercury in these amalgams to be large enough to pose a
significant health risk [17].

Thimerosal, or sodium ethyl mercurithiosalicylate, is
an organic mercury compound that is approximately
50% elemental mercury by weight. Thimerosal was used
extensively as an antibacterial agent and as a preserva-
tive in contact lens solutions and other topical and
injectable biologic products. Thimerosal has also been
used as a preservative in many vaccines since the
1930s, and it degrades into ethyl mercury and thiosali-
cylate in the tissues [18]. Controversy surrounding
thimerosal-containing vaccines began in the 1950s after
several outbreaks occurred resulting in maternal and fetal
exposure to methylmercury [19, 20]. Since methylmercury
is a known neurotoxin, these exposures were causally
linked to severe and progressive neurological impair-
ments, such as cerebral palsy, observed in infancy and
early childhood in the late 1990s [21]. Although these
neurological phenomenon occurred after exposure to
methylmercury, no such neurological impairments had
yet to be linked with exposure to thimerosal, a derivative
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of ethylmercury, and the mercury contained in routinely
administered vaccinations.

Historically, vaccine vials containing more than one dose
may have been contaminated with pathogens after repeat-
edly puncturing the vial for multiple uses. As tragic cases of
sepsis occurred in children in the late 1920s, the US Code
of Federal Regulations responded to these cases in 1968 by
mandating the use of preservative in vaccine vials that
contained multiple doses or multidose vials. The Environ-
mental Protective Agency (EPA) and FDA investigated
these cases further and in 1999 determined that infants less
than 6 months of age who received routinely recommended
vaccinations in the USA would be exposed to amounts of
“mercury” exceeding established safety levels [22]. These
conclusions, however, were based on established exposure
safety levels that previously existed for methylmercury and
not the ethylmercury found in thimerosal-containing vacci-
nations [23]. Moreover, these levels of methylmercury had
been previously established in collaboration by the FDA,
Agency for Toxic Substances and Disease Registry
(ATSDR), and WHO and ranged from 0.1 to 0.47 μg/kg/
day [24]. Several factors contributed to this range of
exposure levels, although levels from all three federal
agencies were within the same order of magnitude.
However, in 2000, the Congress requested the National
Academy of Sciences to establish one accurate reference
level and it was determined that 0.1 μg/kg/day is a
scientifically justified level of methylmercury exposure.
The EPA and FDA subsequently reviewed all available data
and ultimately concluded the maximum cumulative expo-
sure to ethylmercury from vaccines in the recommended
childhood immunization schedule was within acceptable
limits for the protection of human health [25].

The American Academy of Pediatrics and the United
States Public Health Service also responded to the
associations of methylmercury exposure and neurocogni-
tive impairments in reports published in 1999 by suggesting
that thimerosal-containing vaccines be eliminated or re-
moved whenever possible, although a causal link to autism
has never been supported with scientific literature [26–28].
In addition, further investigations from federal agencies
occurred to quantify the amount of ethylmercury found in
standard vaccines and determine the exposure level of
ethylmercury in some infants. In 1999, routinely recom-
mended dosing guidelines of immunizations were weight-
based and vaccinations received by infants less than
6 months of age in the USA contained 25 μg mercury per
0.5 mL dose with infants less than 3 years of age requiring
only half a dose (12.5 μg of mercury). Therefore, the
amount of thimerosal contained in a single-dose vial
(0.5 mL) of vaccine was not thought to be concerning.
Rather, the more concerning sources of exposure to ethyl-
mercury were multidose vials that required repeat punctur-

ing and often used for heavier infants, or those infants
requiring cumulative doses over the first 6 months of life.
Based on these recommendations, by 2002, virtually all
vaccines in the USA were converted to single-use vial
formulations.

In addition, a study published by the CDC in 2007
showed that prenatal and infant exposure to vaccines and
immunoglobulins that contain thimerosal does not increase
the risk for autism spectrum disorders [29]. Finally, with the
exception of some influenza vaccines, the use of thimerosal
as a preservative in routinely recommended vaccines has
been virtually eliminated in the USA since 2001 and is no
longer considered a likely source of mercury exposure.

Case Continuation

The patient’s second visit to our toxicology clinic occurred
4 weeks after her initial visit and 8 weeks following the
exposure. At this time, she described that while her energy
level and appetite had improved, they had not returned to
her baseline. In addition, she reported mild pain in the gums
and mild abdominal discomfort. She had no respiratory
complaints or symptoms of a peripheral neuropathy such as
extremity numbness or tingling. Her physical examination
was unremarkable with the exception of one silver-colored
tooth filling noted in the posterior oral cavity. Her
laboratory tests at this visit showed that the mercury
concentration in total blood had decreased to 32 μg/L
(normal, ≤10 μg/L) and a random spot urine mercury
collection detected a concentration of 97 μg/g creatinine
(normal, 0–10 μg/g creatinine). She underwent a second
round of chelation therapy with oral DMSA for 20 days due
to persistent symptoms.

In Addition to CAM Products Used in This Case, What
Are Other Potential Sources of Mercury Exposure
in This Patient?

Other common sources of mercury exposure include fish
consumption and other environmental exposures. Diets
high in fish, shellfish, or marine mammals (whales, seals,
dolphins, and walruses) that come from mercury-
contaminated waters are common sources of exposure to
high amounts of organic mercury. Plankton and other
microbial marine organisms convert elemental mercury in
the ocean sediment to methylmercury, which bioaccumu-
lates up the food chain leading to higher concentrations of
mercury in larger predatory fish. These fish include
saltwater fish such as shark and swordfish and freshwater
fish such as pike and bass [30]. Consumption of contam-
inated fish is the major source of exposure to organic
mercury in the US population [31]. FDA estimates that an
average adult is exposed to about 3.5 μg of mercury per
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day based on food consumption practices. Adverse health
effects can be seen in vulnerable populations including
children, pregnant women, and those consuming large
quantities of fish [32]. Epidemiological studies examining
the adverse effects of mercury exposure in prenatal groups
have been controversial and do not conclude that the
placental or in utero risks of mercury consumption
outweigh the benefits of fish consumption. The 2004
FDA/EPA Joint Federal Advisory for fish consumption
contained three recommendations for women who may
become pregnant, pregnant women, nursing mothers, and
the parents of young children. They stated that by adhering
to these guidelines, women and young children would
receive the benefits of eating fish and shellfish while
reducing the exposure to harmful effects of mercury. The
recommendations were as follows: (1) Do not eat shark,
swordfish, king mackerel, or tilefish because they contain
high levels of mercury. (2) Eat up to 12 oz (two average
meals) a week of a variety of fish and shellfish that are
lower in mercury. These included five of the most
commonly eaten fish that are low in mercury including
shrimp, canned light tuna, salmon, pollock, and catfish.
Another commonly eaten fish, albacore ("white") tuna has
more mercury than canned light tuna. Therefore, a person
can eat up to 6 oz (one average meal) of albacore tuna per
week. (3) Check local advisories about the safety of fish
caught by family and friends in your local lakes, rivers, and
coastal areas. If no advice is available, eat up to 6 oz (one
average meal) per week of fish you catch from local waters,
but do not consume any other fish during that week.

Advisories on fish and wildlife consumption have been
issued by states, Native Indian Tribes, and US territories
regarding the consumption of fish and wildlife contaminated
with methylmercury. These advisories make recommenda-
tions regarding quantity, type, and size of fish that are of
concern. As of 2008, 50 states, 1 US territory, and 3 tribes
have issued mercury advisories. Eighty percent of all
advisories in 2008 were issued, at least in part, because of
mercury [33]. In addition to fish and marine life, the US
FDA conducted a total diet study from April 1982 to 1984
on selected industrial chemicals found in common foods
purchased in retail stores. Table wine, beer, soft drinks, and
various juices were also reported to contain trace levels of
mercury which were at or below a designated detection limit
[34].

Elemental mercury occurs naturally in the environment
and low amounts are found in the air and water. These
values are more than 2 orders of magnitude smaller than
threshold levels currently considered to be “safe” to
breathe. Elemental mercury is an odorless vapor; therefore,
exposed persons may inadvertently remain in hazardous
areas for several hours after toxic levels have been formed.
Elemental mercury vapor is denser than air and can

accumulate in low-lying areas, making children and persons
living in poorly-ventilated areas more susceptible to its
toxic effects [35]. The shorter height of a child may lead to
inhalation of air closer to the ground and their larger body
surface area to weight ratio when compared to adults, can
lead to greater dermal absorption. Finally, vaporized
mercury can remain on clothing, furniture, walls, and
carpet for extended periods of time and continue to expose
persons who come in contact with these household items
[36].

Heavy metals like lead, cadmium, and mercury are
natural constituents of air, water, and soil and are produced
by numerous industrial processes making them a large
source of contamination. However, amounts found in urban
outdoor air and surface water are generally more than 2
orders of magnitude smaller than the threshold considered
being “safe.” Federal agencies like the EPA identify the
most serious hazardous waste sites in the USA and include
them in a list known as the National Priorities List.
Elemental mercury has been currently identified in approx-
imately 50% of these sites [37]. While our patient had no
exposure or physical proximity to an industrial plant or
hazardous waste site, it is extremely important to ascertain
this information when evaluating patients that have heavy
metal toxicity.

After Exposure and Systemic Absorption, How is Mercury
Eliminated and What Are the “Classical” Clinical
Manifestations of Mercury toxicity?

Elimination kinetics is dependent on the type of mercury
present in the body. Elemental and inorganic mercury are
eliminated mainly by the urine and feces, whereas
elemental mercury elimination occurs in the urine via distal
renal tubular secretion, exfoliation of tubular cells, and
glomerular filtration. Mesenteric vessels of the GI mucosa
allow transfer of inorganic mercury into the feces. In
addition, inorganic mercury can be converted to elemental
mercury in small amounts through reductase and dismutase
enzymes, and eliminated through the skin and expired air
[38]. Organic mercury is primarily excreted through the bile
and feces. Enterohepatic recirculation accounts for its
slightly longer half-life of 70 days, compared to the other
forms of mercury which have a half-life of 30–60 days.
Compounds like methylmercury are bound to reduced
glutathione and degraded to cysteine complexes in the
hepatocyte. These complexes are then reabsorbed by the
intestines through enterohepatic circulation [39].

Clinical effects of mercury exposure involve virtually all
organ systems, although these effects differ somewhat
based on the three forms of mercury present. Elemental
mercury toxicity predominantly affects the respiratory,
renal, and neurological organ systems. Respiratory symp-

J. Med. Toxicol. (2011) 7:295–305 299



toms following acute inhalational exposures to elemental
mercury vapor include a constellation of findings such as
cough, chills, and shortness of breath. These symptoms
may resolve quickly or be prolonged and lead to more
severe complications such as pneumonitis, pulmonary
edema, and restrictive lung disease. Delayed-onset pulmo-
nary fibrosis can occur even years following exposure [40].
Direct toxic effects to the alveolar epithelium from high
concentrations of inhaled elemental mercury vapor can
result in interstitial edema and hemorrhage while indirect
effects involve binding of mercury to sulfhydryl groups of
enzymes and proteins. Radiographic imaging following
acute inhalational exposures have shown diffuse infiltrates
[41]. Pulmonary function tests can display a wide spectrum
of findings including obstruction, restriction, hyperinfla-
tion, and decreased vital capacity [42].

The kidney is very sensitive to the effects of elemental
mercury and severe toxicity can result after inhalation
exposure. Effects include manifestations of proteinuria,
oliguria, and hematuria tubules [42, 43]. Exposure to
elemental mercury stimulates the production of metal-
lothionein, a metal-binding protein synthesized in the
kidney and liver. This increased production of metal-
lothionein may explain the increase in mercuric cations
binding in the renal tubular cells, thus facilitating its
elimination and shunting the metal away from other organs
[1]. Damage can range from acute renal failure and necrosis
of the proximal convoluted tubule [1, 43].

The predisposition of mercury ions to selectively target
various regions of the brain such as the cerebral and cerebellar
cortices after systemic absorption is known, but not well
understood [44]. Neurological damage can occur after short-
and long-term low-level exposure and can lead to findings
including intention tremor, emotional lability, insomnia, and
memory loss. Headaches, neuromuscular changes, and
polyneuropathies including muscle atrophy and twitching
have also been reported [45]. Tremors associated with
elemental mercury toxicity characteristically affect the hands,
are abolished during sleep, and are usually not debilitating.
Neurasthenia is a complex of symptoms including fatigue,
depression, headache, and loss of concentration, while
erethism includes excessive shyness, anxiety, and increased
irritability [46]. The fetus is particularly susceptible to
elemental and organic mercury transmission resulting in
severe renal and neurological toxicity [47].

Multiple other systemic manifestations can occur to
varying degrees, including gingivostomatitis and immune
thrombocytopenia. The former is a common finding after
acute inhalational toxicity, whereas the latter phenomenon
occurs in rare circumstances [48]. Deaths due to mercury
vapor have been reported at serum and urine concentrations
well below the amounts found in our patient; however, a
longer duration of exposure at higher air concentrations and

the severity of these patients' pulmonary injury may have
been factors contributing to their death [49].

The clinical presentation of mercury toxicity from
inorganic sources includes renal dysfunction, GI symptoms,
and neurological abnormalities. Manifestations of renal
dysfunction are similar to those seen after elemental
mercury exposure and range from asymptomatic or tran-
sient proteinuria to the nephrotic syndrome with edema and
hypo-proteinemia [50]. Neurological symptoms including
benign hand tremors, drooling, and diplopia and signs
including hyperactive deep tendon reflexes and life-
threatening seizures have been reported after a lethal dose
of oral mercuric chloride [51]. While inorganic mercury
salts are less lipophilic than elemental or organic forms and
may not cross the BBB as readily, the slow elimination over
30–60 days may lead to prolonged exposure of neural cells
to inorganic ions [52].

Approximately 90% of organic mercury is absorbed after
an oral dose [53]. It is highly lipophilic, facilitating its
penetration through the BBB. CNS effects can be severe
and are thought to occur as a result of mercury accumula-
tion within neurons. In summary, organic mercury is
neurotoxic to humans and experimental animals and the
major effects that are seen include motor disturbances, such
as ataxia and tremors, as well as signs of sensory
dysfunction, such as impaired vision. The predominant
neuropathological feature is degenerative changes in the
cerebellum. Finally, disruption of higher cognitive function
has also been seen, as evidenced by depression and
irritability [54].

How is the Diagnosis of Mercury Toxicity is Established?
Are There Any Caveats to Consider When Using
Laboratory Testing?

The presence of neuropsychiatric symptoms that are
otherwise unexplained in the setting of abnormal kidney
function should raise suspicion of mercury toxicity. While
these symptoms may be the most reliable indicator of
mercury toxicity, the diagnosis of mercurialism can be
challenging for even the most experienced clinicians.
Studies of occupational workers exposed to inorganic
mercury from a chemical plant suggest that patients may
not seek assistance until severe and progressive symptoms
have occurred, because routine blood tests performed
during the stages of initial work-up may be normal [51].
In addition, a comprehensive neurological evaluation may
require specialized tests including nerve conduction studies
and neuropsychiatric testing. These tests generally require
additional time and will likely delay a correct diagnosis
[51]. If mercury toxicity is suspected, specific questions
regarding occupational exposures, diet (especially seafood
consumption habits), ritualistic practices, and access to
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mercury-containing products should be asked. Overall,
while the presence of mercury in biological samples may
be helpful and used to confirm a diagnosis, there are
currently no tests that are considered a criterion standard by
which to diagnose mercury toxicity [55]. In addition,
urinary mercury concentrations can be used to confirm
exposure but do not correlate with severity of symptoms
and poisoning. This was demonstrated in the 1950s after
children were exposed to calomel (topically applied cream
containing mercurous chloride) for treatment of teething or
ascariasis. Children later developed a condition known as
acrodynia despite minimally elevated urinary mercury con-
centrations that were only slightly elevated. Acrodynia, or
pink disease, is characterized by a wide variety of clinical
manifestations including a pink maculopapular skin rash,
excessive sweating, hypertension, and tachycardia [56].

What Are the Appropriate Laboratory Tests to Consider
Ordering in Cases of Mercury Toxicity?

Several laboratory tests are available to measure mercury
concentrations, including whole blood concentrations (or-
ganic plus inorganic), urinalysis (inorganic), and hair
sampling. Nail sampling is occasionally used in forensic
investigations, but is otherwise considered unreliable.
Whole blood concentrations are the most reliable indicator
of total body burden after exposure to organic mercury.
This method is able to detect the mercury concentration
within the red blood cell where mercury is likely to
accumulate based on its lipophilicity [47]. Studies evaluat-
ing acute exposures to elemental and inorganic mercury
from a thermometer-manufacturing plant suggest that whole
blood sampling is most accurate when collected in a trace
element tube. However, as further distribution to tissues
occurs, these values become less useful in correlating with
total body burden [57].

Urine mercury concentrations are best utilized to confirm
exposure and monitor the effectiveness of chelation therapy
following exposure to inorganic mercury. Twenty-four-hour
urine collections are more accurate than spot analysis
concentrations, because of biologic variations that may
exist in creatinine clearance and the likelihood that a spot
urinalysis does not adequately represent glomerular filtra-
tion rates. While studies involving occupational workers
exposed to long-term inorganic mercury from a chemical
plant show that exposure is reflected in blood and urine, the
specific time frame following exposure at which measure-
ments become less reliable has not been determined [51]. In
addition, although urine mercury concentrations may
correlate with the severity of exposure and a patient’s
neuropsychiatric symptoms, these concentrations may also
reflect the mercury content within the kidney and not
necessarily serum, plasma, or total body burden [51].

Finally, hair analysis for mercury content and its
correlation with serum and tissue concentrations has been
an area of controversy for years. While it may be used in
some aspects of forensic analysis, hair sampling is more of
an indicator of long-term exposure to organic mercury [58].
Mercury found in the environment can bind to hair avidly;
therefore, contamination of hair by mercury from environ-
mental sources substantially decreases the reliability of hair
testing as a measure of total body burden [59]. Dietary
practices like fish consumption may also affect concen-
trations of mercury, particularly methylmercury, in hair
samples as shown in the 1999–2000 data from National
Health and Nutrition Examination Survey [60]. The results
of this survey provided population-based data on hair
mercury concentrations for women and children in the
USA and showed that values were associated with age and
frequency of fish consumption. Studies in occupational
dental workers have shown that toenail mercury concen-
trations were lower than amounts obtained from fingernails
and scalp hair and may be due to the fact that toenails are
relatively free from external contamination except in
barefoot people [61–63]. Compositional differences in hair
and nail sulfur content and a relatively poor supply of blood
flow to nails as reflected in their slow growth rate compared
to hair may also be contributing factors for different levels
of mercury in these samples [64]. Overall, while hair and
nail analysis may be utilized in some circumstances, there is
a lack of sufficient data supporting their use in estimating
total mercury concentrations following exposure. In con-
clusion, current recommendations for the diagnostic eval-
uation of patients with mercury toxicity do not include hair
or nail sampling.

What Are the Various Methods of Potential Treatment,
Including Chelation, That Can Be Used in the Management
of Mercury Toxicity?

The most urgent intervention in the management of acute
mercury toxicity involves elimination of the exposure in
relevant circumstances. After that is obtained there are a
number of experimental therapies such as N-acetylcysteine
(NAC), alpha tocopherol (vitamin E) and N,N′-diphenyl-p-
phenylenediamine (N,N′-DPPD) and corticosteroids that
will be discussed first. Animal studies have investigated
the use of NAC for organic and inorganic mercury
poisoning [65]. Results of these studies suggested that
urinary excretion rates of mercury were higher for rats
intoxicated with organic mercury compared with inorganic
after NAC administration. While most forms of elimination
like hemodialysis (HD) are virtually ineffective in mercury
toxicity due to high protein binding and distribution of
mercury to the CNS, one case report from 1984 suggested
that a patient may have had enhanced urinary excretion of
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organic mercury following HD, 2,3-2,3-dimercapto-1-pro-
panesulfonic acid (DMPS) and NAC [66]. Other anti-
oxidants isolated from vegetable and plant oils have been
used with some protective effects in rats including vitamin
E and N,N′-DPPD. These anti-oxidants are currently being
used in industries to stabilize rubber and petroleum [67].
Finally, corticosteroids have been used in the case of
mercury-induced interstitial granulomatous nephritis, but
there are no controlled trials suggesting efficacy. In a single
case report of corticosteroid use for inhaled mercury vapor
toxicity, it was not clear if the corticosteroid had any effect
on the outcome [68]. At this time, the available evidence
above does not support the use of NAC, vitamin E
derivatives, HD, or corticosteroids.

Chelation remains the most commonly encountered
treatment for most forms of mercury toxicity. Chelation is
the process of administering an agent that reduces the total
body burden of a heavy metal with the ultimate goal of
eliminating the chelator–metal complex from the body.
Chelating agents contain thiol groups which are thought to
compete with endogenous sulfhydryl groups for binding of
mercury. Chelation therapy has historically been used to
manage patients with severe symptoms and highly elevated
circulating heavy metal concentrations. The ability of
chelating agents to bind inorganic mercury and increase
its elimination in the urine is well established, although
randomized controlled trials that demonstrate changes in
clinical outcome have not been performed [69]. In fact, a
study performed in children with asymptomatic lead
poisoning discovered that chelating with DMSA did not
alter the neurodevelopmental effects of lead as assessed
years following the exposure [70]. Other factors that
complicate the use of chelation include an absence of
consensus guidelines regarding which concentrations in
various biological specimens require treatment; current
recommendations are often based on clinical judgment
and anecdotal data. For example, chronic exposure to
mercury vapor with whole blood concentrations as low as
35 μg/L and urine levels of 150 μg/L may be an incidental
finding during routine occupational worker testing, and
associated with nonspecific symptoms [71]. Finally, patient
compliance with chelation therapy is especially important for
improving symptomatic control as well as preventing long-
term sequelae of mercury toxicity including peripheral
neuropathy, dementia, andmemory impairment. Nevertheless,
most toxicologists agree that chelation has a viable role in the
treatment of mercury poisoning. Various chelating agents can
be used for mercury toxicity (Table 1) and the side effects of
such therapies depend on the agent being used as well as the
route of administration. British Anti-Lewisite (BAL),
DMSA, DMPS, and penicillamine are the most commonly
used chelating agents used to treat various forms of mercury
toxicity and will be briefly discussed.

BAL is only available in intra-muscular (IM) form and is
most effective in the treatment of inorganic mercuric
toxicity as the severe GI effects from toxic ingestions can
limit the use of other chelating agents given in oral form
[71]. BAL is not indicated following exposure to elemental
mercury, because animal models have shown elevated brain
levels of this form of mercury secondary to redistribution
following BAL administration [72]. Side effects related to
BAL therapy are dose-dependent and GI symptoms like
nausea and vomiting are reported to be extremely common
with other side effects such as rhinorrhea, salivation, fever,
tachycardia and hypertension less common but potentially
life-threatening. Reports of hypertensive encephalopathy
with subsequent coma have occurred after a dose of 25 mg/kg
in a pediatric case of arsenic ingestion [73].

Succimer is an orally administered metal chelator that
has been anecdotally used to treat poisoning from all three
forms of mercury. Succimer is available as a 100 mg bead-
filled capsule that can be ingested in whole or can be
separated prior to use and sprinkled over food or taken with
a drink. Overall adverse effects are mild but include GI
symptoms such as nausea, vomiting, flatus, and diarrhea. A
metallic taste has been reported for 10–20% of patients and
mild elevations in hepatocellular enzymes including AST
and ALT may occur and typically return to the patient’s
baseline after therapy is discontinued [74]. Finally, the
adverse effect of leukopenia is observed rarely, but may
warrant discontinuation of therapy depending on the
severity. Succimer is advantageous over other chelating
agents based on its oral administration and a mild toxic side
effect profile. It has limited effects on the chelation of other
trace metals like zinc, a common side effect of other
chelating agents, which can result in zinc deficiency. One
open-label study from 2000 showed that use of succimer in
pediatric patients with lead toxicity demonstrated enhanced
urine elimination [75]. However, a limited number of case
reports in humans and a small number of animal studies all
suggest that the use of succimer in mercury toxicity is most
effective with the inorganic form [41]. For this reason,
succimer is currently approved in cases of lead toxicity and
is not currently FDA approved for mercury poisoning.
Therefore, informed consent from our patient was obtained
prior to initiating therapy. DMPS is currently an investiga-
tional drug in the USA (though with limited availability)
and is available in oral and parenteral forms in some parts
of the world. Rash, nausea, and leukopenia are rare side
effects, but can be observed following its administration.
Further research is needed to determine its overall efficacy
and possible advantage over succimer.

Finally, D-penicillamine is a monothiol and available in
oral preparation. Severe side effects are uncommon but can
be observed in therapeutic doses and include GI distress,
rashes, leukopenia, thrombocytopenia, and proteinuria. N–
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acetyl-d,L-penicillamine (NAP), an analog of D-penicilla-
mine, is thought to be a more effective chelator of mercury
[76]. NAP was used in Iraq in late 1971 during one of the
largest outbreaks of methylmercury poisoning in history.
Ninety-five thousand tons of plant seed grain treated with
an organic mercury fungicide was consumed by thousands
of people. More than 400 persons died, but data collected
on these victims did not suggest any conclusive evidence
with regards to changes in clinical outcome with NAP
therapy [77].

Case Continuation

Following the patient’s second visit in our toxicology clinic
and the second round of chelation therapy, our team
discussed the management with her primary care provider
and we continued to follow her clinical course via
telephone for several weeks. She stated compliance with
the chelation regimen with no major side effects and
gradually reported an increasing amount of energy with
improved mood to her baseline. A total blood mercury
concentration collected almost 6 months following the
exposure was 23.9 μg/L. A 24-h urine sample would likely
have measured mercury concentrations more accurately for
response to chelation; however, the patient refused to comply.
Although the patient was asymptomatic, final treatment with a
third round of chelation was initiated with oral succimer based
on clinical judgment. An analysis of the traditional remedy by
a commercial laboratory revealed elemental mercury content

of 18% by weight. This test was performed via mass
spectroscopy which ultimately measured a molecular weight
of elemental mercury per gram of substance. A final clinical
evaluation was performed by telephone approximately
8 months following exposure. The patient stated her symp-
toms had resolved with no further complaints.

What Public Health Agencies Regulate Mercury Exposure
from the Environment?

While several federal agencies and organizations collabo-
rate to ensure the safety and health of the public, there are
three main agencies and two main organizations within the
US Department of Health and Human Services that are
known to be involved with mercury and other heavy
metals. The three main agencies that establish regulations
regarding mercury exposure include the EPA, the Occupa-
tional Safety and Health Administration, and the FDA. The
two main organizations that provide information and
recommendations on mercury but do not enforce regula-
tions include the National Institute of occupational Safety
and Health and the ATSDR. While the regulations and
recommendations of each agency and organization may
have been developed using various models and differ
slightly from one another, they serve as guidelines that
healthcare providers may use to manage patients that have
been exposed to toxic levels of heavy metals and further
assist in clinical decision making regarding possible
management options.

Table 1 Chelating agents currently available in the management of mercury toxicity

Chelating agent Routes Side Effects Elimination Dose Forms of
mercury

British anti-lewisite
(BAL)

IM CARDIO: dose-related hypertension 50% Renal 5 mg/kg/dose q 4 h IM×
48 h, then

Inorganic

GI: nausea, vomiting, abdominal pain 2.5 mg/kg q 6×48 h, then

Dimercaprola HEME: hemolysis (w/G6PD def) 50% Bile
and Feces

2.5 mg/kg q 12 h×7 days
NEURO: paresthesias, redistribution of
organic mercury can occur in animals

2,3-Dimercaptosuccinic
acid (DMSA)

PO GI: nausea, vomiting, diarrhea, flatus,
elevated liver function tests (LFTs)

Renal 10 mg/kg BID×14 days Inorganic

Succimer, Chemeta HEENT: metallic taste 10 mg/kg TID×5 days, then Organic
HEME: rare–reversible neutropenia

2,3-Dimercaptopropane-
1-sulfonate (DMPS)

PO DERM: rash Renal 250 mg IV q 4 h×48 h, then Elemental
GI: nausea 250 mg IV q 6 h x 48 h, then

HEME: leukopenia 250 mg IV q 8 h, then Inorganic
300 mg PO TID×7 weeks

Penicillamine PO Hypersensitivity reactions: rash, pruritus,
drug fever, hematuria, antinuclear
antibodies, and proteinuria

Renal Empty stomach at least 1 h
before or 3 h after meals

Elemental

Thrombocytopenia, agranulocytosis

N-acetyl-D,L-
penicillamine (NAP)

Hepatitis, pancreatitis 20–30 mg/kg/day divided
into four doses

Inorganic
Anorexia, nausea, vomiting

a Brand name
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Conclusion

CAM products may contain harmful levels of heavy metals
including mercury. Medical toxicologists, primary care
providers, and other healthcare practitioners should be
aware of the potentially hazardous side effects and toxicity
that may result from use of these products. There are no
currently established universal guidelines for when to
initiate chelation therapy based solely on symptoms or on
laboratory testing results, especially in the chronic exposure
setting. Patients that are started on chelating agents should be
evaluated at regular intervals for side effects, compliance, and
response to therapy using serial concentrations in whole blood
and/or urine. Finally, other sources of mercury exist and
should be assessed during the initial history with attempts to
eliminate any ongoing exposures as much as possible.
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