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contain about 100 million times as much of the methylmercury that turns fish toxic?
Lamborg is skeptical of that idea. He

thinks there has to be another source of

methylmercury as the water around them.
“Something like a shellfish, which is a
filter feeder, that’s very close to the bottom methylmercury adding to the oceanic total.
of the food chain, is generally not as high in “What I've been chewing on is the
methylmercury as something like a tuna or possibility that a lot of methylmercury is
a mackerel or swordfish or striped bass—all  actually coming from within the water
the fish, actually, that we really like to eat,” itself,” he said.
Lamborg said.
So where and how does the conversion
of mercury to methylmercury take place?
Lamborg said the process is probably biotic
—done by living things. Beyond that, our
knowledge is sketchy. We know that fish
don’t methylate mercury, and phytoplankton
and zooplankton probably don't either.
However, some species of bacteria do
produce methylmercury, as a byproduct of
their respiration. This has been observed in
bacteria living in seafloor sediments along
coasts and on continental shelves. It might
also occur in deep-ocean sediments, but no

one has looked there yet.

In lieu of oxygen

A few centimeters down into the sedi-
ment, there’s so little oxygen that microbes
living there must use anaerobic respiration.

Tyler Goepfert, WHOI

One common means is a chemical reaction
called sulfate reduction, in which they use WHOI scientist Carl Lamborg (right) helps deploy
sediment traps to catch particles drifting down
through the water. Lamborg later analyzed the

captured material for the presence of mercury.

sulfate (SO,2) in surrounding seawater for
respiration and excrete sulfide (S2) into the
water as a waste product. If seawater in

porous spaces within the sediment also
contains a lot of mercury, the stage is set
A mercury-rich layer of the ocean
Lamborg has found that there’s a layer
of water in the ocean, between 100 and
400 meters thick, that contains high lev-
els of methylmercury. It occurs at midwater
depths—from 100 to 1,000 meters below

the surface, depending on the specific loca-

for the production of methylmercury.
That’s because sulfide helps mercury get
into cells. Most forms of mercury can’t pass
through a cell membrane because they are
bound to large molecules or because they
carry a charge. But when positively charged
mercury ions (Hg*), the most common
form of mercury in the ocean, meet nega-
tively charged sulfide, the two bond. The
resulting compound, HgS, is small and
uncharged—just right to be able to pass

tion in the ocean. He’s seen the high meth-
ylmercury layer in the relatively isolated

Black Sea, the open ocean near the western
coast of Africa, and the waters near Bermu-
into microbial cells. da. What's especially intriguing is that peak
Once inside, the mercury gets methyl- levels of methylmercury occur at depths
ated. Scientists haven't yet discovered the where the amount of oxygen in the water
chemical reactions involved in this conver- drops sharply.
sion, but soon after HgS enters bacterial “This drop in oxygen is caused by all
cells, the cells release methylmercury. Some  the plankton that are growing closer to

the surface,” he said. “When they die, or
when they’re eaten by other plankton,

of the methylmercury diffuses out of the

sediments into the open water. There, it is
taken up by phytoplankton to begin its those dead cells or the poops of the other
journey up the food chain. plankton sink down and rot. That rotting
But how much of the methylmercury consumes oxygen.”
made by bacteria in sediments finds its way It’s possible that, like bacteria in sedi-

into the water above? Is that the only source  ments, any bacteria living in low-oxygen

areas of the ocean also rely on sulfate for
respiration and could be generating methyl-
mercury in midwater low-oxygen zones.
Lamborg is pursuing that hypothesis, but
first he tested another possibility: whether
methylmercury in low-oxygen zones came
from higher up in the water. Scientists
studying phytoplankton have found that 20
to 40 percent of the mercury inside them
is methylated. Lamborg wondered: As the
phytoplankton or zooplankton that eat them
die, sink, and get degraded, does any of that
methylmercury get released back into the
water and accumulate in midwater depths?

Catch a falling particle

To find out, Lamborg collected tiny
particles that were sinking through the
water and tested them for the presence of
mercury and methylmercury. He caught the
particles in sediment traps—polycarbonate
tubes about 3 inches across and 2 feet long,
that were suspended from a cable at 60
meters, 150 meters, and 500 meters below
the surface.

Before deploying the traps, Lamborg
filled each one with particle-free seawater.
Then he added extra-salty brine, which is
denser than seawater. It forms a distinct lay-
er at the bottom of the tube, which trapped
the particles.

He left the traps in place for four days,
then hauled them up and ran the brine
through flat, round filters slightly bigger
than a quarter. There’s no doubt when a
trap is successful at gathering material, said
Lamborg; the fine brown residue left on the
filters has an air of rotting fish. “They smell
pretty bad,” he said. “It’s not like poop, but
it’s definitely ‘eww!”

Lamborg collected sinking particles at
several locations during a research cruise
across the Atlantic from Natal, Brazil, to
the coast of Namibia in 2007, and brought
them back to his lab at WHOI for analysis.

Panning for mercury

To find out how much methylmercury
fell into a trap, Lamborg converted all the
mercury on the filter to elemental mercury.
He then passed the sample over grains of
sand that had been coated with gold. Only
mercury stuck to the gold; other chemicals
didn’t. Then Lamborg heated the gold-
mercury amalgam to vaporize the mercury.

“This is the same process that people
doing gold mining used to use,” Lamborg
said. “You know panning for gold? You
would squeeze some mercury in your pan
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WHY THE HATTER WENT MAD

Mercury poisoning affects many parts of

the body, notably the brain, kidneys, lungs,
and skin. Symptoms include red cheeks,
fingers, and toes; bleeding from the mouth
and ears; rapid heartbeat and high blood
pressure; intense sweating; loss of hair,
teeth, and nails; blindness and loss of hear-
ing; impaired memory; lack of coordination;
disturbed speech patterns; and birth defects.

The most dangerous form of mercury is
monomethylmercury, which living things
such as fish and humans can’t easily get rid
of, so it accumulates to high, toxic levels in
their tissues. However, other forms of mer-
cury also can cause problems, if exposure is
prolonged or frequent.

When Lewis Carroll created the Mad
Hatter in Alice in Wonderland, he drew
on a common occurrence of his day, the
mid-1800s. Hatmakers often did act loopy,

trembling and sputtering and being excessively shy
one moment and highly irritable the next. But
Carroll might not have known that their
“madness” was caused by exposure to mercu-

ry, which was part of the mixture they used

to felt the furs their hats were made of.

“Mad hatter’s syndrome” still occurs
today, often in modelmakers or other
hobbyists who heat up metals that
contain mercury, often in poorly
ventilated areas. Fortunately, this
form of mercury does not accumu-
late in the body; if exposure ends
before the nervous system suffers
permanent damage, the symp-
toms it causes are completely
reversible. Had the Mad Hatter
stopped making felt hats, he might
eventually have regained his sens-
es—but lost his place in literature.
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