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Mercury is a metal pollutant that travels thousands of miles through
air and water. It flows along rivers to lakes, estuaries, and the sea,
cycling between animals and their environments. Extensive mercury
mining during the Gold Rush left lasting impacts on the San Francisco
Bay Delta, one of California’s largest wetland habitats and home to
thousands of species. Burning fossil fuels in cities like San Francisco
also releases mercury, leading to its buildup in local food chains.
Mercury accumulates from plankton to fish to top predators like
sharks and seals, where it reaches potentially harmful levels. Mercury
never fully breaks down and continues cycling in ecosystems, even
reaching migratory animals living offshore in the Pacific Ocean.
Scientists collect samples from wildlife to uncover clues about
mercury sources and threats to human health. This article explains
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ANAEROBIC
BACTERIA

Single-celled bacteria
that do not depend on
oxygen to survive.
Some anaerobic
bacteria that live in
aquatic sediments

produce methylmercury.

METHYLMERCURY

A mercury atom
attached to a chemical
group called a methyl
group. This form is
absorbed into plants
and animals and builds
up in food chains.

BIOACCUMULATION

The gradual increase of
a toxin or substance
(such as
methylmercury) in an
individual's tissues

over time.

BIOMAGNIFICATION

The increase in levels
of toxins or substances
in animals that feed at
higher levels of the
food chain.
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the mercury problem and why we track this invisible pollutant in the
San Francisco Bay.

WHY IS MERCURY SO HIGH IN THE SAN FRANCISCO
BAY?

The answer to why mercury levels are so high in the San Francisco Bay
(SFB) lies in a story of grit, greed, and gold. Gold discovery in the Sierra
Nevada mountains during the mid-1800s drove thousands of people
to California to stake their claims. The landscape was quickly changed
as tunnels were dug, rivers dammed, and forests logged. In addition
to altering the land forever, the California Gold Rush left behind an
unexpected and invisible toxic partner: mercury. People used liquid
mercury, a naturally occurring element that sticks to gold, to collect
gold from mined rock and river sediment. Mercury waste was carried
into streams and rivers and swept out to the SFB, a critical habitat for
wildlife and important source of seafood. Though the Gold Rush took
place over 100 years ago, rivers still carry mercury from remote areas
to the Bay [1]. This historic mining, combined with other sources, have
led to mercury levels high enough to threaten SFB wildlife and prompt
seafood warnings [2].

THE MERCURY CYCLE

How is mercury that was used over a century ago still at high levels
in the SFB? Mercury is a toxic metal element and is impossible
to destroy. It gets released through natural processes and human
activities. Natural sources of mercury include volcanoes, forest fires,
and hydrothermal vents in the ocean floor. Humans release mercury
into the environment by burning fossil fuels like petroleum and coal.
Mercury easily evaporates into the atmosphere and can travel around
the world before clinging to water droplets and falling back to Earth in
rain and snow. When mercury collects in water bodies like lakes, rivers,
and bays, certain anaerobic bacteria (single-celled organisms that do
not depend on oxygen to survive) transform it into methylmercury.
This especially toxic form can be absorbed by plants and small
organisms, then accumulate in the food chain (Figure 1).

When it comes to studying pollutants, there are two important
concepts: bioaccumulation and biomagnification (Figure 1). Animals
absorb more and more mercury from their food, and it builds up in
tissues as they age. This process is called bioaccumulation. Small fish
feeding at the bottom of the SFB food chain, like anchovies and smelt,
have lower mercury levels than larger predatory fish like halibut. Top
predators like sharks and harbor seals have the highest mercury levels
in their bodies. Increasing mercury levels with increasing steps in the
food chain is called biomagnification.
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Figure 1

Elemental mercury
(Hg?") is converted by
anaerobic bacteria in
sediments to
methylmercury (Me -
Hg™), which is
absorbed by plants and
small aquatic
organisms.
Methylmercury
accumulates up the
food chain, reaching
higher levels in top
aquatic predators such
as seals, through a
process called
biomagnification.
Methylmercury also
increases within an
individual animal’s body
over time as it ages.
This is bioaccumulation
(Image credit: Irma
Macias, Metropolitan
Water District (MWD) of
Southern California
External Affairs).
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Figure 1

MONITORING MERCURY IN SAN FRANCISCO BAY
WILDLIFE

Because of historic mercury mining, SFB Estuary prey fish have
mercury levels three to six times higher than similar species on the U.S.
East Coast [3]. The U.S. Environmental Protection Agency considers
fish with <0.2 milligrams of mercury per kilogram of muscle to be safe
for human consumption [2]. Some large, long-lived fish such as white
sturgeon and striped bass have mercury levels twice as high as this
limit [2]! Scientists care about mercury levels in fish to protect human
health, but they also care about wildlife health. One study estimates
that one in four fish from the SFB have mercury levels high enough
to harm their growth, reproduction, and survival [3]. Some seabirds
such as terns have enough toxic mercury in their blood to harm their
reproduction. Mercury can also pass from a mother bird to her eggs!
Some mercury levels found in SFB tern eggs make scientists worry
about whether they can hatch and survive.

Researchers measure mercury and look for health effects in top
predators like seabirds and seals because these animals are more
likely to have high methylmercury levels. Methylmercury tends to
build up in body parts containing keratin, a hard, waterproof protein
that makes up hair and fingernails. Seal fur and bird feathers are
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Figure 2

Different fish contain
different levels of
mercury and certain
people, including
growing kids like you,
are more likely to be
harmed from eating
food containing
mercury. Be sure to
check local advisories
to make sure the type
and amount of fish you
are eating is safe (Image
credit: Irma Macias,
MWD of Southern
California External
Affairs, designed with
advice from the
California Office of
Environmental Health
Hazard Assessment).

L Available online at:
https://oehha.ca.gov/
fish/advisories.
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SAFETY GUIDE for Seafood from the San Francisco Bay

For Sensitive Groups: Women 18 - 45 and children 1- 17

2 servings per week = safe
e—— Brown rockfish g ! Red rock crab
e -
Jacksmelt
—e

Chinook (king) salmon —e
1 serving per week = safe

e—— California halibut Lingcod

el ~

White croaker Kelp greenling ————e

Shiner perch or Striped Bass
other surfperches
A"‘. - 3 ;§“‘J{
Sharks Ky ; R = '-%
L o White Sturgeon ——e

Check your local water body advisories before fishing. Know your serving size:

Different species of fish contain different levels of mercury and other harmful chemicals that can (1] II

harm the developing brain or cause disease. Women who may be pregnant and children should ﬁ’

take extra caution when eating locally caught fish and seafood. ‘ == ] b
= =

Information in this figure and guidelines for fish and shellfish from coastal and inland water bodies o
in California are from the California Office of Environmental Health Hazard Assessment Adults  Children
at www.oehha.ca.gov/fish.html.

Figure 2

also made of keratin, so they are excellent samples for monitoring
methylmercury [3]. Scientists also test blood, muscle, fat, and feces to
assess methylmercury levels in the body. By comparing levels among
various animal populations, scientists map mercury across locations
and habitats to track ecosystem health and identify new “hot-spots,”
or areas with high mercury levels.

WHICH FISH ARE SAFE TO EAT?

The benefits of eating some fish can outweigh the risks. Fish provide
important nutrients like omega-3 fatty acids, which are good fats
needed for brain and heart health. It is all about moderation; how
much and what types of fish you eat. Methylmercury travels from
the digestive system to the blood and easily enters many cells in
the body, including the brain. Babies and children are considered
sensitive groups because their brains are still growing, so pregnant
or breastfeeding women and kids under 18 should be careful about
their seafood consumption [1]. The California Office of Environmental
Health Assessment!  monitors mercury levels in the SFB and
recommends how much seafood from specific locations can be safely
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Figure 3

These photos show the
elephant seal
catastrophic molt. (A) A
juvenile elephant seal
going through its yearly
molt next to a
freshly-molted friend.
(B) Another molting
seal shedding its
mercury-rich fur
(These photos were
taken under NMFS
Permit #19108. Credit:
Costa Lab/Claire Nasr
and Dan Costa).

2 Available online at:
https://www.seafood
watch.org/.
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Figure 3

eaten in the “"Good Catch California” advisory program (Figure 2). For
example, rock crab and chinook salmon are low enough in mercury
that sensitive groups can eat two servings a week. On the other hand,
sharks and surfperch have such high mercury levels that they should
never be eaten by sensitive groups. It is always good to know which
fish are safe, so check seafood advisories before eating fish from your
local waterbodies. Of course, fish are caught and shipped all over the
world. The Monterey Bay Aquarium’s Seafood Watch program? can
help you make safe and sustainable choices when looking through
your restaurant menu.

WILDLIFE PARTICIPATE IN THE MERCURY CYCLE

If mercury in the body cannot be completely broken down, where
does it go next? The more we study mercury, the more we discover
interesting roles animals play in transporting mercury between habitats
and locations. Migrating animals that travel long distances each season
assist in mercury recycling by feeding in one place and transporting
mercury with them to new locations. Salmon, for example, hatch in
freshwater before migrating to the ocean, where they feed on fish that
contain mercury [4]. When it is time to find a mate, they (and mercury
they built up) swim up rivers to reproduce. Their life cycle is then
complete. Salmon may die, but their mercury lives on! Their bodies
release mercury back into the environment [4], where it can be picked
up by animals that eat them. Hatched salmon from rivers also pick up
mercury before migrating back out to sea. Imagine the thousands and
thousands of salmon migrating up the Sacramento and San Joaquin
rivers to reproduce each year, bringing mercury with them.

Mercury released from historic mining and ongoing human activities
extends beyond the SFB Delta, reaching animals that live and feed
offshore in the Pacific Ocean. Northern elephant seals spend most of
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INDICATOR SPECIES

Species used to study
the health of habitats.
They are usually the
first species affected or
the most sensitive to
environmental
changes, like
decreasing water
quality or

food availability.
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their time in the open ocean, diving and feeding on mercury-rich fish
and squid. Each year, thousands of seals return to colonies in California
to "molt,” or shed their coats (just like dogs and cats shed their fur).
But instead of slowly shedding year-round, elephant seals go through
what is called a catastrophic molt (Figure 3), during which they shed
and regrow their skin and hair in just a few weeks! This means a year's
worth of mercury-rich hair from thousands of seals is quickly dropped
off on beaches. Molted hair contains 3.5 milligrams of mercury per
kilogram of hair, which is 10 times higher than mercury levels in fish
that are safe for humans to eat! The molted hair breaks apart, leading to
seawater mercury over 10 times higher than seawater found at nearby
beaches without elephant seals [5]. Remember how mercury never
breaks down? It becomes available to animals at the base of the food
chain, like crabs and mussels, who start the bioaccumulation chain
all over again. It is important for scientists to identify these mercury
recycling centers because seafood in these areas could have toxic
mercury levels and endanger human health.

ONE PLANET, ONE HEALTH

The One Health concept is that humans, animals, and their
environments are closely linked. If we work to make one healthier,
the others become healthier too. If one is sick, it means others are
at risk of getting sick as well. Certain animal species share food, water,
and habitats with human populations. We call these indicator species
because they are exposed to similar pollutants and can signal if there
is a problem in the environment. Marine mammals and seabirds serve
as important indicator species in the SFB. When we consider how
widespread mercury and other pollutants are, keeping an eye on their
presence in wildlife is essential for keeping an eye on the health of
the environment and the humans that share it. This is a big problem,
so what can you do? To help reduce mercury emissions, participate
in activities that use less fossil fuels, like biking or walking instead of
getting a car ride. To protect the safety of your environment, reduce,
reuse, and recycle mercury-containing products such as batteries
and fluorescent light bulbs. To protect your safety, be conscious of
your seafood consumption and help your family support sustainable
aquaculture and fisheries with low mercury levels. Everyone's actions
make a difference.
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ETHAN, AGE: 8
My name is Ethan. | play the piano and take martial arts classes. | like science and
reading. My favorite thing to do is to celebrate my friends’ birthday parties and to
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play soccer with my team. | have two miniature Holland Lop bunnies. | love sharks
and when | am old, | want to be a conservation biologist.
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