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Mr. Chairman and Members of the Committee. I was asked to give a brief 5 minute

review of mercury toxicity. In this written submission I shall dispense with the usual

introductory remarks and get to the point.

Mercury has been often called the Element of Mystery (Clarkson, 1990). There are

three major forms of mercury: elemental, organic and inorganic (Table 1). For

purposes of emphasis, I shall call inorganic mercury, mercuric mercury.

Table 1 Forms of Mercury

Table 1 Forms of Mercury

1. Elemental mercury, “Liquid silver”, Mercury vapor

2- Organic mercury, Methylmercury, Thimerosal

3.Mercuric mercury (This category is usually called inorganic mercury but for

purposes of emphasis I shall label this form as mercuric mercury).

Elemental mercury is the liquid silver that many of you may have played with as

children. Elemental mercury is dangerous because at room temperature it volatilizes

(vaporizes) to mercury vapor and it is this mercury vapor that is very toxic. For

organic mercury, methylmercury from fish is usually the most relevant form for

human toxicity and because of this committee’s interest I have included thimerosal.

Mercuric mercury, a form of inorganic mercury is, as we shall see, central to the

neurotoxicity of mercury in the brain.

The sources and forms of mercury in the brain are shown in Fig. 1.

We see in this diagram a tooth with dental amalgam. Dental amalgams, the so-called

“silver fillings” in our teeth, contain 48-50% elemental mercury plus a host of other

metals (Table 2).

Table 2- Composition of one of the most frequently used dental amalgams (“silver

fillings”) in the Tucson, AZ area.

47.3% elemental mercury

52.7% alloy powder

The alloy powder contains

49.5% silver

20.0% copper

30.0% tin

0.5% palladium

Dental amalgams continuously emit toxic mercury vapor (see Lorscheider et al.,

1995 for a more detailed discussion of the implications of dental amalgam mercury

exposure). About 10 micrograms of mercury is absorbed into the body from dental

amalgams each day depending on the number of amalgam surfaces in the mouth.

Studies have shown that the greatest exposure of the American population to

mercury is via the dental amalgams (Table 3) as most recently pointed out by the

National Research Council Report (2000). I repeat the greatest exposure of the

American population to mercury is from mercury vapor emitted by dental

amalgams. One should remember, also, that mercury vapor can cross the human

placenta and thus harm the developing central nervous system of the fetus (Vimy et

al., 1990).

Methyl mercury is in many kinds of fish, marine mammals and crustacea. Those at

risk are women of child bearing age, pregnant women, fetuses and very young

children. The methylmercury from this seafood is taken up rapidly in the GI tract.

About 90% is absorbed from the gut. It enters the blood stream and is rapidly

delivered to the brain where it is slowly converted to mercuric mercury. This

conversion is very slow. Thimerosal is also taken up by the brain where it is

converted to ethylmercury and finally to mercuric mercury. Please note the central

role of mercuric mercury. The NRC (2000) report also points this out.

Target organs of mercury. By this we mean the organ in which the mercu;ry

concentration is the highest and/or is which the most toxicity is noted. For mercury

vapor it is the brain and the kidney (Table 4); for methylmercury it is the brain; for

thimerosal again it is the brain. For mercuric mercury, if it is from exogenous

sources, it is the kidney.

Table 3- Estimated daily intake and retention (micrograms per day) of total mercury

and mercury compounds in the general population not occupationally exposed to

mercury. Modified from NRC (2000).

a

Exposure

Elemental Mercury Vapor

Inorganic mercury

Methylmercury

Air

0.030 (0.024)

0.002 (0.001)

0.008 (0.0064)

Food sources

Fish

0

0.600 (0.042)

1 -
6

Non-Fish

0

3.6 (0.25)

0

Drinking water

0

0.050 (0.0035)

0

Dental Amalgam

3.8
- 21 (3-17)

0

0

Total

3.9
- 21 (3.1-17)

4.3 (0.3)

1 - 6 (1 - 6)

a Retention, numbers in parentheses, reasonably is assumed to be 95% of intake for

MeHg, 80% for elemental mercury vapor and 7% for inorganic mercury

compounds. For a more thorough presentation of the above data see Table 2-4 of

NRC (2000). A detailed discussion is in (Clarkson et al., 1988a).

Neurotoxicity of mercury: By neurotoxicity we mean damage to structure or

function of nerves or regions of the brain. It is most important to point out that the

mercury once it gets into the brain stays there. (Table 5). We know of no confirmed peer-reviewed publication concerning a chemical or drug that will remove mercury in the brain.

Table 4 - Target Organs

1. Mercury vapor ( brain and kidney

2. Methylmercury ( brain

3. Thimerosal ( brain

4. Mercuric mercury ( kidney

human brain or that of an experimental animal that can be used safely in humans

for that purpose. My coworker Mary Aposhian has been looking for such agents for

the last 10 years without success.

Table 5 - Neurotoxicity of Mercury

The mercury remains in the brain

Most sensitive organ: Brain of the fetus

Brain of children

Brain of adults

A child is not a small adult. Their organs are developing!

Note that the brain of the fetus is the most sensitive organ as far as neurotoxicity of

mercury (Clarkson et al. 1988b); next is the brain of young children and finally

adults (Table 5). This is important enough to repeat: The brain of a developing

human in the uterus, the fetus, hass the greatest sensitivity to mercury. A fetus or

child is not a small adult! Its organs are developing and changing even after it is

born. The organs of adults on the whole have finished developing. They are mature

but still sensitive to mercury toxicity but to a lesser degree.

So which forms of mercury damage the brain? Please note the central role of

mercuric mercury (Fig. 1). Mercury vapor, methylmercury and thimerosal are all

converted to mercuric mercury. The conversion of mercury vapor is quite rapid,

conversion of methylmercury is very slow and the conversion of thimerosal would

be expected to be faster.

The National Research Council (2000) recent report on methylmercury estimates

that each year 50,000 U.S. children may be born with neurological deficiencies that

lead to developmental problems because they were exposed to methylmercury in utero.

It might be of interest to the Committee that the family of a former Vice President

of the United States has been one of the largest supporters of mercury research

(excluding multi-million dollar epidemiology studies) in the USA for many years.

Their family foundations, Wallace Genetics Foundation and the Wallace Research

Foundation, were organized and endowed by the family of Henry A. Wallace who

was Vice President with President Franklin D. Roosevelt from 1940-1944.

Although the medical diagnosis was that Vice President Wallace died of Lou

Gehrig’s disease, his son H.B. Wallace remembers as a boy going to the cellar of

the Wallace house with his father to treat experimental corn seeds with a mercurial

fungicide. Such compounds are usually organic mercurials. He is convinced his

father was exposed to too much mercury in the experiments by which he developed

the first hybrid corn seeds that revolutionized corn farming in our country.

I make no claim to being an expert on thimerosal but I am rather amazed that it has

been a constituent of vaccines for children. There is no need of endangering any

child with any form of mercury. Many countries, for example Sweden, have

banned the use of mercury, including amalgams, when there are substitutes

available and 99.9% of the time there are substitutes. There certainly are

non-mercurial anti-bacterial agents available as substitutes for thimerosal for use in

multidose vaccine preparations.

There have been exciting recent results dealing with autism (Rodier, 2000).

Whether a cause and effect relationship between mercurials and autism will be

found is unknown at present. Only first class research efforts using a variety of

approaches will be able to answer this.

The EPA/NIEHS Superfund Basic Science Research Program directed by Dr.

William Suk of the NIEHS, a most innovative and talented organizer of research

efforts, has as one of its major interests the understanding of the toxicity of metals.

Perhaps this group may be instrumental in finding the relationship between autism

and environmental toxins and prevent future harm to children.
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