
5 Health Concerns for 
People and Wildlife
by Rachel J  Fisher

T he ocean greatly benefits 
humans by providing 
sustenance, oxygen (most of 

which comes from photosynthesis of 
phytoplankton), employment, recreation, 
and the potential for scientific discovery 
with pharmaceuticals. However, the 
ocean is also the repository of human-
made pollution. This chapter will explore 
these and other factors that not only 
affect the health of the wildlife that 
inhabit the ocean, but also the health of 
humans that depend upon the ocean. 

First, we examine the difference 
between point-source and nonpoint-
source pollution. Then we will explore 
the impact that pollution, such as 
marine debris, oil spills, and fertilizers, 

has on both public health and ocean 
wildlife. In the last portion of this 
chapter, we look at the process of 
bioaccumulation in marine organisms 
and the effect of biomagnification of 
toxins on the wildlife and the humans 
that consume these marine creatures. 

Pollution in Our Ocean
Our ocean is currently being polluted by 
a variety of sources. There are two main 
types of pollution, point and nonpoint 
source. Students may know about 
pollution sources but likely cannot 
differentiate between these two main 
types. We can contrast these two types 
of pollution by looking at the source 
of the pollution, or where it originates. 

Point-source pollution is pollution that 
has an identifiable, even visible, source. 
With nonpoint-source pollution, it is 
less clear where the pollution originates. 
Yet, even in distinguishing between 
these types of pollution, we still find that 
both are  detrimental to the health of 
wildlife and humans.

Point-Source Pollution. Point-
source pollution is easier to control than 
nonpoint-source pollution because it 
is easy to identify where the pollutants 
originate. The following definition of 
point-source pollution comes from the 
Environmental Protection Agency: “any 
single identifiable source of pollution from 
which pollutants are discharged, such as a 
pipe, ditch, ship or factory smokestack.”
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The ocean can have serious effects on human health and the health of 

wildlife. Oil spills and harmful algal blooms (HABs) can cause respiratory 

and neurological problems. Toxins, hydrocarbons, heavy metals, and 

endocrine disruptors can be passed to humans through the food chain and 

cause immunological, neurological, and reproductive problems. Through 

our activities, we are often the source of these health issues. Point sources 

of pollution, such as oil spills and sewage treatment plants, lead to the 

increase of hydrocarbons and other chemicals in the ocean. Nonpoint-

source pollution (e.g., from storm-water and agricultural runoff) causes 

nutrient loading in estuaries and other coastal ecosystems, leading to more 

frequent HABs. As we enjoy our seafood, we must be aware of the buildup 

of chemicals and toxins in animals’ tissues (bioaccumulation), as well as 

the increase in concentration of these contaminants through trophic levels 

(biomagnification). 

The pollutants from industry and 
sewage treatment plants flow out as 
discharged waters. The discharged 
waters with their pollutants often are 
released directly into water sources, such 
as streams or rivers, and many eventually 
reach the ocean. At high concentration, 
these pollutants can make water 
dangerous for consumption, endanger 
the lives of aquatic organisms, and affect 
the usability of an area for recreation.

Nonpoint-Source Pollution. 
Unlike point-source pollution, there 
is no single, identifiable area where 
nonpoint-pollution originates. Often 
pollution found in the ocean is the result 
of many sources, not just one. Runoff 
from the land is usually the cause of 
nonpoint-source pollution in the ocean. 
Rain or snow can pick up chemicals 
on land and deposit them into coastal 
areas, wetlands, or freshwater sources. 

These chemicals can come from a variety 
of runoff sources, such as runoff from 
industrial, agricultural, municipal, or 
construction sources. Additionally, 
about one quarter of all carbon dioxide 
emissions are absorbed by Earth’s ocean. 
When the ocean waters interact with this 
gas, it causes acidification, which can be 
harmful to marine organisms. 

Nonpoint-source pollution is a  
major cause of health-related issues 

The ocean receives pollution  
from many different sources that 
contaminate the water and destroys 
marine habitats.
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in wildlife, and it has had detrimental 
effects on pub  lic health and coastal 
economies. Most marine pollution is 
nonpoint source. 

Storm-Water Runoff 
Storm-water or urban runoff is a 
major source of ocean pollution. 
Most stormwater runoff is point-
source pollution. Precipitation carries 
pollutants into storm-water drains, 
where it then enters waterways 
untreated and eventually ends up in the 
ocean. While runoff is often nonpoint-
source pollution, storm-water is 

collected and discharged at particular 
locations, so it is treated as point-source 
pollution. Toxins in storm-water are 
distributed to the world’s ocean, and we 
can learn about the potential impact on 
human and wildlife health. 

In urban areas, a large percentage 
of the ground is impervious to 
precipitation, for example sidewalks, 
driveways, and streets. Several cities  
in California, including Los Angeles, 
have this problem. When it rains in 
urban areas or when snow melts,  
there is no percolation or infiltration 
into the ground by water; rather, it 

flows off these paved areas and into 
nearby storm-water drains and then 
eventually makes it way into the ocean. 
On its way to the storm drain, the 
water picks up a variety of pollutants, 
including oil from cars, pet waste, 
pesticides from lawns, and dirt and 
lawn debris. 

The pollutants that enter the ocean 
through storm-water runoff can 
carry with them bacteria and other 
pathogens, which can have devastating 
health effects on swimmers or marine 
organisms. Swimming near a flowing 
storm drain or at a beach that is heavily 

You may want to consider doing a brief activity with point-source and nonpoint-source pollution. If you show 
different pictures of these types of pollution, and students can point with their finger to where the pollutants 
are coming from, that will help them remember that those are point-source pollutants. If they cannot point to 
the specific source, such as a drain or a pipe, then the image is an example of nonpoint-source pollution. You 
may consider developing a table such as the one following, as you teach the different types of pollution. You 
may also add a column to the table to have students explain why a type of pollution is either point source or 
nonpoint source.

   Teaching  
     Tip

 Point Source Nonpoint Source Explanation

Litter on each

Oil spills   

Fertilizer runoff   

Storm-water overflow 

Runoff from farms and factories carries substances to nearby water sources 
that ultimately lead to the ocean.
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impacted by storm-water runoff has 
been linked to ear infections, respiratory 
infections, and stomach flu. 

Marine Debris and 
Human Health
The last chapter introduced the topic of 
marine debris and its effects on wildlife. 
Marine debris can affect humans too. 
Swimmers, surfers, and other beach-
goers can potentially be injured by 
marine debris either in the ocean or 
just on shore. Glass or metal parts from 
marine debris can cut swimmers, surfers, 
or people who are walking on the beach. 
This can ultimately lead to infection 
or other damage to the person’s skin. 
Needles that were disposed of improperly 
can also puncture the skin. Old fishing 
gear, such as fishing lines or crab traps, 
can entangle a person’s limbs and cause 
injury.  

The presence of plastics in the 
ocean can also have harmful effects 
on humans. Many plastics, such as 
plastic bags, are made from a byproduct 
of petroleum and natural gas called 
polyethylene. When plastics degrade 
in the ocean they add chemicals to the 

water. Another effect that is still under 
intense study is the effect of plastics 
on the human endocrine system. 
Considerable attention has been paid 
to the use of bisphenol A (BPA), a 
chemical used in the production of 
plastics that has been categorized as 
an endocrine disrupter. BPA has been 
shown to affect the endocrine system, 
potentially leading to neurological, 
reproductive, and immunological 
problems, which is of concern in 
fetuses, infants, and children (National 
Toxicology Program 2007). Therefore, 
this chemical is being phased out from 
its previous uses in baby bottles, water 
bottles, canned foods, and so on. Today, 
you see signs that advertise “BPA 
free” on plastic products such as water 
bottles. Your students have likely seen 
these ads on television or in stores.

As tiny plastics enter the oceanic food 
web, there is potential for humans to be 
affected by endocrine disruptors, such 
as BPA and other chemicals. Students 
can identify many plastic materials that 
end up in our ocean, from plastic bags 
to plastic soda rings, but they probably 
only see these as detrimental to wildlife. 

Talking with students about plastics and 
how they break down may help students 
better understand that marine debris is 
not only unsightly on our beaches but is 
a health concern as well. 

Oil Spills
Oil discharges, both intentional and 
unintentional, have had devastating 
effects on aquatic organisms and their 
habitats. 

Students have heard stories of oil spills 
and may have even seen an oil sheen 
on the ocean surface near recreational 
boats. Given recent attention to oil spills 
and the use of dispersants, students 
may wonder how oil is broken down or 
cleaned up. They also have ideas about 
oil floating on water—although oil 
often floats on salt water, sometimes oil 
is denser than salt water, and remains 
under the surface of the ocean. As you 
teach about oil spills, think about the 
experiences your students have (directly 
or vicariously) and the visual images 
they have of oil spills. These experiences 
and images conjure up emotional 
reactions—images of birds covered in 
oil or fishers out of work. It may seem 
obvious to students that oil spills are 
bad for the environment, but they 
may be less familiar with the causes of 
these problems (i.e., how we use oil in 
our everyday lives) and the long-term 
consequences on wildlife and human 
health.

Uses of Oil. You may not realize it, 
but oil is used to make plastics found in 
many products we use everyday, such 
as radios, iPods, and even the pens we 
use to write. Students are probably not 
aware that these are petroleum-based 
products. Additionally, oil is used to 
make fertilizers we may use on our 
lawns and medicines that we take every 
day. Many people use oil to heat their 
homes on cool days, and we use oil to 
fuel cars that take us to and from school 
and work. The antifreeze that is used in 

In some places of Bangladesh, debris in the water is so common that the people 
who live nearby ignore the dangers and swim amongst the flotilla of garbage.
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our cars is a derivative of oil as well. The 
trucks on the highways and the ships on 
the seas use oil as fuel too. Many of the 
roads we drive on are made of oil-based 
asphalt. As you can tell, oil is all around 
us, and it is a very important resource. 
It is not just used to make gasoline! This 
same resource that keeps us warm in 
the winter or helps us get from work to 
home can have devastating effects on 
the environment if we are not careful 
with its extraction and disposal.

How Do Oil Spills Happen?  
Oil spills, for the most part, are 

the result of both accidental and 
intentional acts of humans. A minor 
cause for oil spills is when someone 
releases a can of oil into a storm drain, 
from which the oil eventually finds its 
way to the ocean. Storm-water runoff 
can carry oil from the roadways into 
drains and into the ocean; this is an 
often overlooked nonpoint source of 
oil pollution, as are minor leaks from 
personal watercraft, particularly as gas 
tanks are refilled. 

While most of the oil pollution in the 
ocean originates from small spills that 
are aggregated, large-scale spills have 
the most visible effects on wildlife and 
humans (National Research Council 
2003). These spills result from any 
of the following human actions: oil 
tankers sinking in the ocean, blowouts 
at the site of oil extraction, oil tankers’ 
gas tanks overfilling, or collisions 
between tankers or barges as oil is being 
transported from one nation to another, 
to name a few. The 2010 Gulf of Mexico 
oil spill was a result of a blowout on 
an oil rig drilling in approximately 
1500 meters (~5000 feet) of water. In 

addition to human-induced spilling, 
natural oil can seep from many areas 
of the ocean bottom. One of the most 
notable locations for this seepage is 
along the California coast near Santa 
Barbara, just a few miles from the 
shoreline, called Coal Oil Point. 

How Oil Interacts With Salt 
Water. Oil and water, in general, do not 
mix, because oil is less dense than water. 
Saltwater changes how oil behaves; in 
fact, oil floats more in salt water than 
in freshwater because of salt water’s 
higher density. When large quantities of 
oil enter the ocean, such as that which 
occurred during the Santa Barbara Oil 
Spill of 1969 (see the following for more 
information), most of this concentrated 
oil floats on the surface of the water. 
There are exceptions; when the oil is 
heavy enough, it will sink. Once oil has 
entered a large body of water, the winds, 
currents, and tides spread the oil on the 
water surface, which is also called an 
oil slick. Many times, you will notice a 
rainbow on the surface, which is called a 
sheen. If you have ever observed gas leak 
onto pavement, you may have noticed a 

TANKER AND BARGE OIL SPILLS

Bird species are among the first 
victims of an oil spill, as they seek 
their food sources within the 
contaminated waters.
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similar sheen. 
Effects of Oil Spills. Any type of oil 

spill, especially those of larger scale, can 
have devastating effects on wildlife and 
human health. Even though many major 
oils spills take place in the ocean, the 
toxic effects of oil spills can reach the 
shore and farther inland. 

Because most spills affect the surface 
of a body of water, organisms that live 
near the surface, such as aquatic and 
marine birds (herons, eagles, osprey, 
cormorants, pelicans, and scoters) 
and small marine mammals such 
as sea otters and sea lions, are most 
commonly affected. Oil can damage 
the feathers of sea birds by destroying 
the waterproof property of their 
feathers, and it can also affect their 
ability to fly. Oil destroys the insulating 
properties of fur and feathers by not 
allowing them to trap air near the 
body. Without this layer of air to keep 
the birds and mammals warm, many 
die of hypothermia in the relatively 
cold water. Additionally, oil can harm 
the internal organs of these birds and 
other aquatic organisms, as they ingest 
it through attempting to groom the 
oil away, and in many cases, kill them. 
Some studies have shown that a coating 
of oil keeps the animal’s skin from 
respiring, which can kill them as well. 

Oil from many large-scale spills can 
eventually be shifted on shore by winds, 

currents, or tides. The organisms that 
inhabit these environments, such as sea 
grasses, clams, and crabs, can become 
inundated by oil as well. Many birds nest 
on the beach, and these birds, including 
any eggs or hatchlings, can become 
sick or die as a result of the invasive oil. 
Additionally, predators of these eggs 
or hatchlings can become sick after 
consuming the contaminated birds or 
eggs. 

In addition to wildlife, humans 
that live in areas affected by oil spills 
can become sick. Fumes released 
from oil can irritate the eyes, nose, 
or lungs. Additionally, oil contains 
hydrocarbons, which can be 

carcinogenic (cancer-causing) to 
humans. 

Most students do not realize the importance of oil in their daily lives. 
Have your students predict what will happen if we run out of oil. Most 
likely students will bring up problems with cars, transportation, and 
maybe home heating and air conditioning. Then have your students 
generate a list of things that are made from or use oil. Help your students 
conduct research on other oil-based products to expand their list. Have 
them also take note of alternative products. They should discover that 
plastics, fertilizers, asphalt, medicines and medical equipment, and so 
on should be on their list (see example list at http://www.anwr.org/
features/oiluses.htm). Students should have a much broader perspective 
on this issue after their research. Revisit the original question about what 
would happen if we run out of oil, and ask students to share what they 
learned about alternative products.

   Teaching  
     Tip

After an oil spill, attempts 
 are made to clean up the  
water, shores, and wildlife  
affected.  
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The Santa Barbara Oil Spill

O ne of the worst incidents in the United States 
involving an offshore oil-drilling platform 
took place approximately 8 kilometers (5 

miles) from the coast of Santa Barbara, California, 
on January 28, 1969. The Santa Barbara oil spill ranks 
as the third-largest oil spill in U.S. history behind 
the Exxon Valdez spill (second) and the Deepwater 
Horizon spill (first). A “blowout” occurred as drill bits 
were being changed on the platform. This resulted in a 
massive spill (up to 210,000 gallons of oil spilled in the 
first two weeks) as a mixture of gas, oil, and mud blew 
to the surface for several days. The winds, currents, and 
tides eventually moved this material on shore, so it had 
a great effect on aquatic organisms and their habitats. 
Sea walls and buildings onshore became coated with 
this oil mixture. Birds, intertidal invertebrates, and kelp 
forests were also destroyed in the process. Additionally, 
this spill had significant economic effects on the fishing 
industry. It caused a loss of recreational facilities, and 
personal property damage (boats, buildings, seawalls) 
was far reaching as well.

The cleanup after the oil spill involved more than 54 
boats, more than 1,000 people, and approximately 
125 pieces of equipment. In total, it cost about $4.5 
million to completely clean the Santa Barbara area 
after this spill. Many people were involved in manually 
removing the oil that was on beaches and floating 

offshore by using straw to absorb the oil. Additionally, 
rocky beaches were cleaned using high-pressure 
washers, and a mixture of naphtha and talc was used 
to dissolve the tar-like oil on rocks and sea walls. More 
than 3,700 birds died as a result of this oil spill as 
well; in particular, gulls and grebes were most heavily 
affected. Many people were involved in trying to 
remove oil from the feathers of the birds that were still 
alive during clean up. 

Other Notable Oil Spills
The Exxon Valdez Spill that occurred in 1989 spilled 
more than 10 million U.S. gallons of oil into the Prince 
William Sound of Alaska. It took many years to clean, 
and its impacts, some scientists argue, are still being felt 
today. The Cosco Busan oil spill, which occurred in 2007 
in San Francisco Bay, resulted when a container ship 
struck the Bay Bridge. While the spill was considered 
“medium-sized,” it resulted in many beach closings 
both north and south of San Francisco Bay and affected 
organisms, including seabirds and seals. The April 20, 
2010, oil spill in the Gulf of Mexico was much larger 
than the Santa Barbara, Cosco Busan, and Exxon 
Valdez spills. The Deepwater Horizon Spill quantity 
is estimated at more than 200 million gallons, and its 
impact—both economic and ecological—will take years 
to determine. Restoration will likely take even longer.  

Oil and tar wash onto California beaches from spills  
and natural seepage.
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Pollution in the Ocean

Students typically think of point-source pollution entering our 
ocean. They describe people physically leaving trash on beaches, 
or can identify particular sources of pollution, such as from a 

factory or an oil rig that they believe dumps substances directly into 
the water. Students are less likely to describe nonpoint-source pollution 
and are also less likely to identify accidental or unintentional pollution. 
Oftentimes pollution is associated with a “villain” that is intentionally 
polluting our waters. 

Scenario
You are teaching an extensive unit on the ocean to your students and 
planning to address issues of storm-water and fertilizer runoff. You decide 
to do a journal activity with your students to assess how much they know 
about ocean pollution. This will help you determine your starting point 
for the lessons and concepts that students already understand, as well as 
ones they do not yet understand. The following are example journal entries you receive from students. Read their 
ideas and then brainstorm how you would use this information to guide your teaching. 

Question 
Describe as much as you know about ocean pollution.

Scientific Answer 
The ocean is polluted by a variety of sources, some visible and some invisible. This includes microscopic chemicals 
from fertilizer and storm runoff as well as visible pollutants such as oil and marine debris.

Student Answers
Tony: There is an island in the middle of the ocean that has over 1,000 pounds of pure raw sewage and garbage. 
Oil comes from the factories over there. Sometimes they spill it.

Alison: People pollute the ocean. They can leave their trash on the beach and then the waves come up and it gets 
swept into the ocean and then it can get caught on fish or fish can eat it because they think it’s something else.

Morgan: People pollute the ocean with oil sometimes. And also with garbage, if people throw their garbage off into 
the ocean, it’s really bad too. It’s just a natural instinct if they can’t find the garbage can, they just throw it in the ocean.

Jacob: One of the worst things you can do to the ocean is dump waste in it, whether it’s petroleum or toxic, or just 
the every day trash. A lot of things die just because people are careless. A lot of people do it because they make money. 

What Would You Do?
Think about the sources and types of pollution that students mention. What are they not mentioning? How 
would you use this information to adjust your teaching plans?

Notice that most students mention intentional pollution. What short activity might you include to help student see 
unintentional pollution that they can control (i.e., oil runoff from driveways, lawn and garden runoff, and so on)?
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Fertilizers and Harmful 
Algal Blooms
All across our nation, fertilizers are 
applied to suburban lawns, golf courses, 
gardens, and agriculture fields to help 
keep the plants in these areas growing 
and healthy. Plants need nitrogen and 
phosphorous to grow. Fertilizers are 
designed to provide plants with the 
needed nitrogen and phosphorous 
to help them grow large, strong, and 
healthy and to do so quickly.  

As we discussed earlier in this chapter, 
runoff is a major source of pollution in 
our ocean. Yet, students may think of 
runoff as only carrying chemicals from 
our roadways. However, runoff from 
farms is a key contributor of pollution. 
Often, an excess of fertilizer is applied 
to an area, so that when it rains, the 
fertilizer that is not absorbed by plants 
and soil is picked up by the rainwater and 
then makes its way into the ocean. The 
runoff of fertilizer can affect the health 
of the coastal ecosystems and the people 
that live in these areas. Fertilizer that is 

not part of runoff may make its way into 
the groundwater, thereby contaminating 
drinking water for those who live nearby.

Nitrates and Phosphate 
Nutrients. As previously mentioned, 
nitrogen and phosphorous are key 
elements in fertilizers. When these 
elements interact with water (as they 
enter natural water sources), they 
can become nitrates and phosphates, 
respectively. A nitrate is a combination 
of nitrogen and oxygen, or dissolved 
nitrogen in water. Phosphates are a 

combination of phosphorous, oxygen, 
and hydrogen, or dissolved phosphorous 
in water. Knowing about these elements 
is important for understanding 
environmental consequences such as 
algal blooms.

Algal Blooms. Algae are part of 
a normal food chain in an aquatic 
ecosystem because they serve as 
food, directly or indirectly, for many 
creatures. Algae are photosynthetic 
organisms, meaning that they make 
their own food by converting light 
energy, water, and carbon dioxide into 
the sugars they need to survive. During 
this process, called photosynthesis, 
oxygen is released as a byproduct 
as well. One type of algae is called 
phytoplankton, which are microscopic 
drifting plant-like organisms. 

The buildup of excess nitrates 
and phosphates in ocean waters can 
cause abnormally large algal growths, 
specifically by phytoplankton. Algae that 
inhabit coastal waters need a normal 
amount of nitrogen and phosphorous 
for growth, much like land plants. When 
there is an excess of these nutrients, algae 
can grow and reproduce uncontrollably. 

In addition to nitrogen and 
phosphorous, algae need an optimal 
salinity and temperature for growth. A 
bloom, or large growth of algae, takes 
place when all conditions are favorable 

Ask students if they have seen their parents spray anything on a garden 
or their lawn, and if so, ask them why we spray these things onto plants. 
If possible, have students examine the labels from different fertilizers 
and note patterns in the chemicals that are included. Introduce "nitrates" 
and "phosphates" as key nutrients that spur plant growth and health. If 
possible considering conducting a lab on the effects of these fertilizers 
when they enter runoff. See an example at http://pubs.usgs.gov/of/1998/
of98-805/lessons/chpt6/act2.htm.

   Teaching  
     Tip

RUNOFF IN OUR OCEAN

Water carries  
chemicals from  
farms, factories,  
industries, and 
residences that  
eventually end up  
in streams and  
rivers that lead  
to the ocean.
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for the algae. However, when an excess 
of nutrients is present, large blooms 
occur, which can have a great impact 
on the aquatic environments and the 
organisms that inhabit them. This 
excessive growth of algae combined with 
low oxygen concentration in water (and 
often low pH) is called eutrophication, 
and it can take place in lakes, streams, 
estuaries, and coastal areas. These 
blooms will last as long as the nutrients 
are available to them in the water. For 
example, if there is a small area where 
fertilizer runoff has entered the ocean, 
an algae bloom may grow but only as 
long as the nutrients from the fertilizer 
stay in the area. 

Effects of Algal Blooms on the 
Environment. When algae grow 
excessively, they can almost look like a 
large, green “mat” on top of the water. 
This mat prevents light from getting 
through the water column and down 
to the plants and other algae that live 

below the surface. This can potentially 
kill them and also affect the populations 
of organisms that live off of them. 

Additionally, although these algae 
normally undergo photosynthesis, 
which releases oxygen during the 
nighttime, because there is no sunlight, 
the algae are undergoing cellular 
respiration, and not photosynthesis. 
This process of cell respiration takes in 
oxygen from the water, which causes 
low levels of dissolved oxygen in the 

water. This can result in massive fish 
die-offs because they rely on oxygen 
for survival. When these algae die 
and decompose, the decomposers use 
oxygen to break down the algae, further 
depleting the waters. When an area has 
little-to-no oxygen available it is called 
hypoxic (hyp = less, oxic = of oxygen) or 
anoxic (an = no). If an area is subject to 
repeated blooms and long-term hypoxic 
or anoxic conditions, it becomes what 
is known as a dead zone in the ocean 

MAKING OF A DEAD ZONE

This diagram shows how dead zones 
develop around the Mississippi river delta.
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because very little life can survive there 
without oxygen. 

The number of dead zones in the 
ocean is growing. First identified in the 
1960s, scientists recognize more that 
400 dead zones the world over. Some 
dead zones are seasonal, while others 
persist year-round. Dead zones are not 
irreversible, however. After Hurricane 
Katrina cleared out the Mississippi river 
delta, the long-standing dead zone in the 
Gulf of Mexico disappeared for a while. 
Concentrated efforts to reduce runoff 
have helped to eliminate or reduce other 
dead zones. For example, improvements 
in Los Angeles sewage treatment led to 
the elimination of the dead zone in Santa 
Monica Bay. 

Harmful Algae Blooms (HABs).
Some algal blooms are characterized as 
harmful algal blooms, or HABs. During 
a HAB, the species of phytoplankton 
that is blooming releases toxins that can 
injure or kill wildlife and make humans 
quite sick. On the west coast of the 
United States, at least five major HABs 
have been documented. A common 
term for a HAB is a red tide, though this 

term can be misleading. Traditionally, 
a red tide refers to a bloom of algae 
whose coloration leads to the ocean 
looking red. Many species of algae have 
this red coloration—some harmful, 
some not. Other HABs in California 
are green algae. However, on the east 
coast of the United States, the red tides 
are so commonly indicative of a HAB 
that the two terms have become almost 
synonymous. During these HAB events, 
the toxins of the algae have killed fish 
in large numbers and have debilitated 
shellfish economies because it makes 
these organisms unsafe to eat. If toxic 
shellfish are consumed, it can cause 
paralytic shellfish poisoning (PSP), as 
well as other disorders and illnesses. PSP 
is a debilitating condition that affects 
the nerves in humans and can cause 
muscular or respiratory paralysis. 

The presence of red tide HAB in 
coastal waters can also affect the 
respiratory system of people in the 
general area of the bloom. The airborne 
toxins from these growths can cause 
coughing, wheezing, itchy and red eyes, 
and in some cases, chronic respiratory 
issues. It is important to note that 
not all algae blooms are harmful. In 
fact, seasonal blooms are critical for 
supporting food webs. Anecdotal 
evidence suggests that HABs have been 
occurring for at least hundreds of years; 
Native Americans along the West Coast 
were well aware of PSP and its effects. 
The state of California introduced 
a program to prevent PSP in 1927 

(Horner, Garrison, and Plumley 1997). 
Though HABs are naturally occurring, 
increased nutrient loading, and other 
ocean stressors have resulted in some 
types of HABs becoming more common 
throughout the years (Anderson, 
Gilbert, and Burkholder 2002).

Pesticides and Other Chemicals. 
Agricultural and urban runoff contain 
more than fertilizer. Commonly, the 
runoff waters from farms contain high 
levels of pesticides and herbicides. 
Pesticides are designed to kill insects that 
prey upon our food species. Runoff from 
residential areas may carry chemical used 
to treat lawns, parks, and golf courses. 
The herbicides are used to keep weeds 
and plant species of non-agricultural 
importance from growing in fields. One 
commonly used herbicide, atrazine, is 
implicated in the falling populations 
of frogs and other amphibians, and 
may be harmful to human health as 
well (UC-Berkeley 2010). Its impact on 
marine species is unknown.

Hormones, antidepressants, antibiotics, 
and other chemicals, including fire 
retardants and toxic cleansers (i.e., 
chemicals of emergency concern), are 
also making their way to the ocean. 
While some are coming through the 
watershed, the majority are entering 
the ocean through sewage treatment 
processes. The chemicals pass through 
humans and are expelled in our urine. 
Consumers also flush these chemicals 
down the toilet or dispose of them 
through their drains. Many sewage 

Algal blooms on the Volga River in 
Russia have become a common sight, 
due to agricultural pollution.
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treatment centers cannot filter these 
chemicals out, so, when they release 
their treated water, they are releasing 
these chemicals as well. As the chemicals 
are not naturally occurring, the natural 
system does not effectively break 
them down. The long-term impact of 
many of these chemicals is unknown, 
but scientists are already seeing some 
impacts. Fish, snails, and other species 
are experiencing something known 
as feminization. The chemicals and 
hormones in the environment are 
keeping the males from sexually 
maturing fully. While it may be up to 
scientists to develop a way to remove 
or remediate these chemicals in the 
environment, everyday people can 
help. By disposing of everyday excess 
household chemicals, paints, and even 
old prescriptions at local household 
hazardous-waste collection events, 
everyone can help reduce the amount of 
chemicals entering the ocean. 

Bioaccumulation 
Before we discuss bioaccumulation, it 
is important to understand the concept 
of biotoxins, which are poisonous 
substances produced by an organism. 
In harmful algae blooms (HABs), page 
98, we discussed how some types of 
algae can produce toxins that can make 
other organisms sick or even kill them. 
The toxins that are released by the algae 
during a HAB are known as biotoxins. 
These toxins may accumulate in any 
organism that feeds on the algae that 
produce them. 

As defined by the U.S. Geological 
Survey (USGS), bioaccumulation is
“a general term for the accumulation of 
substances, such as pesticides or other 
organic chemicals in an organism or 
part of an organism. The accumulation 
process involves the biological 
sequestering of substances that enter 
the organism through respiration, food 
intake, epidermal (skin) contact with 

the substance, and/or other means.”
In other words, bioaccumulation 

is when a chemical builds up in an 
organism’s body. The more of a certain 
chemical the organism encounters, the 
greater the level in its body. 

Biotoxins in the Pacific Ocean. 
A wide range of biotoxins exist 
throughout the Pacific Ocean. The 
temperate waters of the Pacific can 
harbor species that produce the toxins 
responsible for paralytic shellfish 
poisoning (PSP), as discussed. 
Dinoflagellates and diatoms are 
responsible for these biotoxins in the 
temperate waters of the Pacific. As most 
shellfish are filter feeders, they consume 
these phytoplankton, and therefore, 
the toxin becomes concentrated in the 
tissues of the shellfish.

In the more tropical waters of the 
Pacific, (mainly in Hawaii and the U.S. 
territories American Samoa and Guam), 
the coral-dwelling, benthic (bottom-
dwelling) dinoflagellates are responsible 
for ciguatera fish poisoning (or tropical 
fish poisoning) caused by eating reef-
dwelling fish. 

Health Effects of Biotoxins on 
Humans. Bioaccumulation of toxins in 
shellfish and fish is a worldwide health 
issue. Some toxins, even in very small 
amounts, can make people quite sick. 
If a person eats fish or shellfish that has 
bioaccumulated toxins, the toxins can 

kill a healthy adult in some cases. One 
of the biggest problems associated with 
algal blooms in the Pacific has been with 
paralytic shellfish poisoning, which has 
been known about for nearly 200 years. 

Domoic acid, which is released by a 
marine diatom, has caused the poisoning 
of shellfish and fish along the west and 
east coasts of the United States. The 
consumption of the fish and shellfish 
that have bioaccumulated this acid can 
cause permanent nerve damage and has 
even killed people. In Monterey Bay, 
California, in 1991, there was a large 
die-off of seabirds that had consumed 
anchovies. Anchovies are filter feeders 
and had bioaccumulated the domoic acid 
in their bodies. When analyzed, these 
birds had high levels of domoic acid in 
their stomach contents due to consuming 
the anchovies. Because it affects the 
nervous system, domoic acid can cause 
strange behavior in animals including 
seabirds and mammals. For example, sea 
lions have been observed walking down 
city streets and gulls flying into buildings 
as a result of domoic acid poisoning.

In addition to impacts on the health 
of both wildlife and humans, the 
accumulation of biotoxins in fish and 
shellfish can be detrimental to the 
fisheries of an area. Often, areas that are 
known to be experiencing a HAB are 
shutdown, preventing the area’s use for 
recreation or fisheries, which directly 

Students may have heard the phrase “only eat shellfish in months ending 
in R” from their parents or grandparents. This bit of folk advice is related to 
red tides or HABs that can cause PSP and other disorders. The species that 
can cause the disorders traditionally rarely bloom in the colder waters of 
the months ending in R (i.e., September, October, November, December). 
Connecting to this folk advice, or other student experiences, may help 
students better understand when and how algal blooms happen.

   Teaching  
     Tip
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affects the economy of the coastal area.
Mercury Bioaccumulation. 

Mercury is an element that can be found 
in three main forms in the environment: 
as an element, as inorganic mercury, 
and as methylmercury. In this section, 
we will explore the role of mercury in 
marine environments, and we will see 
how mercury can affect the health of 
aquatic organisms and the humans that 
consume them. 

Ocean-dwelling bacteria can secrete 
biotoxins into the environment that can 
potentially harm wildlife and humans 
who consume the contaminated 
seafood. Bacteria, both in the sediment 
and in ocean waters, take in inorganic 
mercury and convert it to other forms 
of mercury. Through methylation, 
bacteria convert inorganic mercury 
into methylmercury (CH₃Hg), which 
is a highly toxic form of this element. 
This methylmercury can be released 
into the atmosphere or into the water 
and can be absorbed by plants or taken 
up by plankton. The plankton can then 
be consumed by other organisms and 

make its way up a food chain. 
The toxic methylmercury, as it makes 

its way up the food chain, bioaccumulates 
in the organisms. Animals tend to 
accumulate this toxin faster than they 
can get rid of it. In many types of fish, 
methylmercury will accumulate mainly 
in muscle tissues; in marine mammals, 
it will accumulate mainly in the liver, 
with younger marine mammals having 
higher concentrations of this toxic 
element than the adults. Invertebrates, 
such as bivalves, can also accumulate 
methylmercury in their tissues but in a 
much lower concentration than fish or 
marine mammals. 

Mercury originating from human 
activities such as mining, chemical 
manufacturing, and use of power 
plants also affects ocean organisms, 
particularly in coastal waters. 

Biomagnification of Mercury. As 
methylmercury makes its way up a food 
chain, and bioaccumulates in the tissues 
of the organisms, biomagnification is 
also taking place. This means that the 
organism at the lowest level of the food 

chain has the lowest concentration of 
methylmercury in its tissues, and as 
you go further up the food chain, the 
concentration of this element at each 
successive level increases within the 
individual organism. These longer 
living species of fish (such as predatory 
fish) higher up the food chain (e.g., 
sharks, swordfish, and tuna), therefore, 
have higher levels of mercury in their 
tissues. This has important implications 
on humans who consume top-level 
consumers because they are the 
organisms with the potentially highest 
level of toxic mercury in their muscle 
tissues.

Implications of Biomag nification 
on Human Health. 
Because methylmercury bioaccumulates 
in the muscle tissues of the fish we 
consume, it is nearly impossible to cook 
the mercury out of fish prior to eating 
it. Therefore, if we consume fish that 
have accumulated mercury in their 
bodies, it could cause severe health 
implications. However, it is important 
to understand that the severity of the 
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MERCURY BIOACCUMULATION

As mercury is introduced into the water system, it travels to other water sources and leaves traces of its presence along the 
way. Mercury or other substances can enter the food chain at many points but often enter at lower-level organisms such as 
producers, and then make their way up to higher-order consumers through the food chain.
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effect of methylmercury consumption 
will be affected by the dose consumed, 
how often it was consumed, and also the 
current health of the person. 

Among humans, mercury has been 
known to directly affect the central 
nervous system and possibly cause 
brain damage. Additionally, high levels 
of mercury can cause a decrease in 
motor skills, affect normal sensations, 
result in muscle weakness, and cause 
impaired vision. Consumption of toxic 
fish can also greatly affect the health of 
an unborn child if the mother consumes 
these toxic fish during pregnancy. 
Attention, thinking, and fine motor skill 

problems have been found in children 
that were exposed to methylmercury 
as a developing fetus. Pregnant 
women, therefore, are advised to limit 
consumption of predatory fish species. 

Pharmacy From the Sea
Humans have looked to the ocean 
for their needs since the dawn of 
civilization—for food, transportation, 
and medicine. Traditional medicines 
have included whale blubber, ambergris 
(a waxy substance eliminated by sperm 
whales), algae, and other ocean-derived 
products. But human use of ocean-
derived products did not end sometime 

in the distant past. Just like some 
scientists are combing forests for plants 
that produce complicated chemicals 
that can be used for medicines, so too 
do others look to the algae and animals 
of the sea. Many marine organisms 
produce toxins for protection. These 
toxins might stop a heart, kill a fungus, 
or keep a virus from reproducing. If 
they can be harvested or synthesized in 
adequate amounts, they have promising 
implications for human health and 
medical treatment for a variety of 
disorders. Sponges have yielded the 
powerful anti-virals Acyclovir and AZT, 
medicines integral in the treatment of 
HIV/AIDS and other viruses. Other 
species of sponges and corals yield 
chemicals that are being explored for 
their anti-cancer and anti-inflammatory 
properties. The blood of the humble 
horseshoe crab (Limulus polyphemus), 
called a living fossil because this genus 
predates the dinosaurs, is harvested 
to analyze medicines for bacteria and 
fungal contamination, among other 
things. Many other organisms are 
used to study processes that affect 
human health, such as sea urchins for 
zygotic development and sea slugs for 
neurological function. When we look 
at the potential cures and treatments it 
may contain, conservation of the ocean 
is a selfish act.

The health of humans is inextricably 
connected to the health of the ocean. 
People rely on the ocean for food, 
transportation, recreation, medicines, 
and even the oxygen we breathe. 
More than one billion people rely 
on the ocean for their daily protein. 
Scientists estimate that 60–70 percent 
of the oxygen we breathe is produced 
by phytoplankton in the ocean. It is 
important for students to realize and 
understand how tightly coupled their 
health is to that of the ocean. In Chapter 
6, we will look at ways students can 
make a difference in helping to protect 
the ocean.
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BIOMAGNIFICATION

Each step of the food chain results in increased levels of a toxin.  That is, an 
animal at the top of the food chain collects a greater concentration of the 
chemical than organisms lower in the food chain.
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Students: Grade 5

Location: Laguna Niguel, California 
(a coastal community)

Goal of Video: The purpose of 
watching this video is to see an 
example activity for teaching 
biomagnification and to find out 
what students do and do not learn 
from the activity.

Biomagnification

T he public is faced with a large variety of threats to their health and 
well-being, some unknown and some known. When people know 
about these threats and how they occur, they can be empowered to 

make decisions about their health. Bioaccumulation and biomagnification 
are two concepts intimately tied to human health and difficult ones to 
comprehend. There are many chemicals and toxins that can bioaccumulate 
in organisms and biomagnify through the food web, including DDT, PCBs, 
mercury, and algal biotoxins, to name a few. Students may have heard of 
some of these substances before, and they may even be aware that certain 
marine organisms contain chemicals that could potentially be harmful to 
humans when consumed in large proportions. 

Classroom Context
The biomagnification video shows a classroom activity on biomagnification 
taught to students at the end of their unit on ocean food webs. Ms. Reimer 
added this activity because she wanted her students to make connections 
between environmental problems, ocean food webs, and their own health. 
Through an interactive activity in which students role-played organisms in 
a marine food web, students traced the buildup of toxins in higher trophic 
levels. Ms. Reimer used small stickers to represent toxins moving through the food web. The activity started 
with many producers with few stickers. By the end of the activity, students saw that a smaller number of 
higher-order consumers accumulated more and more stickers. 

Video Analysis
Ms. Reimer’s goal is that students learn that toxins travel from organism to organism in a food web, and 
higher-level consumers build up more and more toxins at the top of the food webs. This process is called 
biomagnification, not bioaccumulation. Bioaccumulation describes buildup of toxins within organisms and 
biomagnification describes increasing levels of toxins at higher levels in the food chain. At this age level, 
students should be able to trace toxins through food webs, just as they trace food moving from organism 
to organism. They may struggle with understanding that these toxins are actually found in all parts of the 
organism, and that when eaten, the toxins pass on to the next organism. These toxins are not easy to get rid of, 
which is why they remain inside the organisms. Students easily grasp the concept that the toxins (represented 
by stickers) build up through the food chain. Leah, however, describes the toxins as located on the skin, or 
exterior, of organisms. How does this compare to where toxins are typically located? Think about whether her 
confusion is about the concept of biomagnification or whether this confusion resulted from the classroom 
activity itself.

Reflect
How could you teach biomagnification to your own students?
Think about the activity you observed and what students learned from it. Would you use a similar or slightly 
modified version of this activity? Why or why not? What additional activities might you include to go into more 
depth on biomagnification?
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