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   Protecting Earth’s Water Objectives 

1. Identify compounds that are considered pollutants in 
water systems and understand their impact on human 
health. 

2. Differentiate between point source pollution and nonpoint 
source pollution. 

3. Identify and describe key legislation, policies and actions 
related to the protection of water resources. 

4. Identify characteristics and services of riparian areas and 
describe strategies for maintaining healthy riparian areas. 

Professor Commentary
Sticky Note
At the end of this lecture, you should be able to:
1.Identify compounds that are considered pollutants in water systems and understand their impact on human health. 
2.Differentiate between point-source pollution and nonpoint-source pollution
3.Identify and describe key legislation, policies and actions related to the protection of water resources
4.Identify characteristics and services of riparian areas and describe strategies for maintaining healthy riparian areas




    

 

  

Objective 1: Identify compounds 

that are considered pollutants in 

water systems and understand 

their impact on human health. 

Professor Commentary
Sticky Note
Lecture Objective 1. By the end of this video, you should be able to identify compounds that are considered pollutants in water systems and their impact on human health.  Human health, biology and biochemistry is essential identical to all organisms, including bacteria, insects, plants and animals.  In understanding how pollutants affect human health, you will also understand how they impact the health and well-being of all organisms living on Earth.   
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All of Earth’s water as a sphere 

Earth’s water is a finite resource, we aren’t 
getting any more H2O. 

The water on Earth today is the same water that 
has been on our planet for 3-4 billion years. Life 
constantly recycles and reuses this H2O. 

Earth’s water came from outer space riding on 
chondrite meteorites that fell to Earth 3-4 billion 
years ago. 

Where did Earth’s Water come from? 

Total water (saltwater and freshwater, liquid, 
solid, gas) makes a sphere about 900 miles in 
diameter 

Liquid 
freshwater 
makes a 
sphere about 

Lakes and 175 miles in 
rivers makes diameter 
a tiny sphere 
about 50 
miles in 
diameter 

Diameter Earth = 8,000 miles 

http://youtu.be/_LpgBvEPozk
Professor Commentary
Sticky Note
Earth’s water is a finite resource.  We aren’t getting any more water for our planet.  The water on Earth today is the exact same water that has been on our planet for the past 3 to 4 billion years.  Scientists believe that Earth’s water came from outer space riding on a specific type of stony meteorite called a chondrite meteorite.  

Bacteria, insects, plants and animals have been recycling and reusing the same water for the past 3 to 4 billion years.  Here we see the diameter of Earth, which is about 8,000 miles, compared to the amount of water on, in and above our planet.  Compared to the size of our planet, we don’t have a lot of water.  Therefore, it is important to preserve and protect this precious resources because life on our planet cannot exist without water.     





    

   
    

     

Most freshwater that 
humans use is used to grow 
the food we need to live. 

National Geographic, A Freshwater Story 

Professor Commentary
Sticky Note
Humans require freshwater to live, grow food and drink.  Most of the freshwater that humans use, approximately 70%, is used to grow food to feed our population of 8-billion people.  Approximately 22% of the freshwater we use is used in industry to manufacture goods and products.  Approximately 8% of our freshwater is used in our homes, businesses and schools for drinking and washing.  

The water footprint for the standard U.S. diet of 2,000 calories per day, is approximately 1,000 gallons of water per day.   The water footprint for a vegan diet of 2,000 calories per day, is approximately 500 gallons of water per day.   

It takes twice as much water to produce meat, dairy compared to fruits, vegetables.  A global shift away from livestock (e.g., cows, pigs, chickens) to plants-based diets would cut our water footprint in half.  




       
         

    

Water Pollution = the contamination of a body 
of water (e.g., stream, river, lake, ocean) with a 
substance that degrades its quality. 

Professor Commentary
Sticky Note
Water pollution can be broadly defined as the contamination of a body of water with a substance that degrades its quality.  The contaminant, also know as a pollutant, can be a solid, liquid or gas.  A pollutant can have a short half-life and degrade quickly, or it can have a long half-life and persist in the environment for decades, centuries or even millions of years.  There are many types of pollutants including viruses, bacteria, sewage, radioactive material, herbicides, pesticides, industrial chemicals, petroleum, pharmaceuticals, cleaning agents, soaps and detergents, excess nutrients. 

It is important to protect Earth’s water because many of these pollutants accumulate and buildup in our water systems making them both costly and extremely difficult to remove.  And because the water we have on Earth is the same water that we’ve had on our planet for billions of years, life has been constantly recycling and reusing it over and over again, and Earth isn’t getting any new water from another source.  




        
          

   

           
         

        

    

 Water Pollution 
Pollutants are contaminants that can be biological, chemical, physical, or 
radiological and at elevated levels, these substances cause increased risk of both 
acute and/or chronic diseases. 

Pollution residence time = the time that a substance remains in the 
environment before it is removed 

Some pollutants can be removed or cleaned from water quickly in hours or days. 
Other pollutants can take decades to remove. There are even some contaminants 
that scientists believe may never be totally removed from water sources. 

EPA: Types of Drinking Water Contaminants 

https://www.epa.gov/ccl/types-drinking-water-contaminants
Professor Commentary
Sticky Note
Water pollution can be broadly defined as the contamination of a body of water with a substance that degrades its quality.  The contaminant, also know as a pollutant, can be a solid, liquid or gas.  A pollutant can have a short half-life and degrade quickly, or it can have a long half-life and persist in the environment for decades, centuries or even millions of years.  There are many types of pollutants including viruses, bacteria, sewage, radioactive material, herbicides, pesticides, industrial chemicals, petroleum, pharmaceuticals, cleaning agents, soaps and detergents, excess nutrients. 

It is important to protect Earth’s water because many of these pollutants accumulate and buildup in our water systems making them both costly and extremely difficult to remove.  And because the water we have on Earth is the same water that we’ve had on our planet for billions of years, life has been constantly recycling and reusing it over and over again, and Earth isn’t getting any new water from another source.  




 Image from USGS 

https://pubs.usgs.gov/circ/circ1225/html/sources.html
Professor Commentary
Sticky Note
A lot of human activities result in water pollution.  These include industry, household waste, mining, oil, coal and natural gas production, agriculture runoff, livestock waste, sewage and wastewater, urban runoff and the burning of fossil fuels.  Water is absolutely essential for life on Earth, without it Earth would be void of all life.  Approximately 70% of all the water that humans use, we use to grow the food we eat.  If our water is contaminated with toxic substances then the food we eat will also be contaminated, causing human diseases.  With approximately 8-billion people living on Earth today, all needing food to live, we need a lot of clean water to grow clean food 
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Pollutants don’t remain at their source, they never stay in one place, they are 
constantly in motion. 

Earth’s natural processes (e.g., ocean circulation, atmospheric circulation, gravity, 
energy flow and food webs) are constantly moving pollutants. Think about all the 
ways that pollutants can move on Earth (e.g., food webs, bioaccumulation, 
biomagnification, migration patterns, ocean currents, high- and low-pressure 
systems, weather patterns, winds, storms, underground aquifers, rivers, streams, 
lakes, hurricanes). Sometimes these natural processes act to concentrate pollutants 
in one area. 

It is impossible for humans to stop water’s movement on Earth. 

Professor Commentary
Sticky Note
Water is a molecule made up of two hydrogen atoms and one oxygen atom.  It exists as a liquid, solid or gas and it is in constant motion on Earth.  Water can be found in underground aquifers, clouds, rain, snow, glaciers, streams, lakes and oceans.  As water moves, it picks up substances from the atmosphere and land and carries them somewhere else.  These substances can be innocuous like a particle of soil or a leaf, or these substances can be toxic like lead, PCB, or uranium.  Water carries these substances into streams, lakes, oceans and ground water where they can accumulate to levels that are toxic to life.  




       Data from Environmental Science for a Changing World 

Professor Commentary
Sticky Note
There are many types of pollutants impacting our waterways.  Here we see a graph showing the leading causing of water pollution to lakes, streams and rivers in the United States in 2016.  These data were collected by scientists at the USGS and EPA.  Oxygen depletion, number one of this list, is caused by agricultural runoff, urban runoff, raw sewage and waste waste. Like humans, aquatic organisms like fish, salamanders and insects require oxygen to live.  We are aerobic organisms.  When oxygen levels are depleted, aquatic aerobic organisms die.  

Mercury, which has the symbol Hg, comes mainly from burning coal and mercury escaping out the smokestack to the atmosphere where it falls back to Earth in rain.  

Pathogens cause human diseases and include viruses and bacteria like E. coli and Salmonella.  

Nutrients are things like nitrogen and phosphorus, which come from agricultural runoff and urban runoff.  When too many nutrients flow into a lake, pond or stream toxic algae blooms form, contaminating the water and killing the aquatic life.           
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Groundwater aquifers can become 
contaminated with heavy metals 
leading to contaminated well water. 

https://www.epa.gov/dwlabcert 
Image from EPA, 2019. 

Map from USGS, 2019. 

Heavy metals occur naturally, 
however can become 
concentrated due to human 
activities. When high levels of 
these metals build up in the 
water, they can reach 
concentrations that are toxic to 
all species of life. 

Examples: 
• Arsenic 
• Mercury 
• Lead 

Heavy Metals 

https://www.epa.gov/dwlabcert
https://www.epa.gov/privatewells/learn-about-private-water-wells
https://www.usgs.gov/news/study-estimates-about-21-million-people-using-wells-high-arsenic
Professor Commentary
Sticky Note
This is a USGS map showing the concentration of arsenic in groundwater aquifers in the USA.  The EPA set the standard for arsenic in drinking water at 10 micrograms per liter, or 10 parts per billion, ppb.  You can see from this map that there are many locations in the USA where arsenic concentrations are greater than 10 ppb.  Public water purification facilities (water for towns and city) regularly monitor their drinking water to ensure that heavy metals are at or below EPA standards.  Well water in rural areas should be regularly tested by individual households.  Households that use well water can contact the EPA at this link to find a certified drinking water testing laboratory in their area.         




     

   
     

       
      

    
      

  

 
 

Image from Kate Boicourt, Flickr. 2009. CC BY 2.0. 

Pathogens 
Waterborne pathogens include bacteria, 
parasites, viruses, and other microorganisms that 
can be transmitted to humans if we consume 
untreated or poorly treated water. This can lead 
to serious health problems such as nausea, 
vomiting, diarrhea and even hospitalization. 

Examples of waterborne pathogens: 
• Norovirus 
• Legionella 
• Giardia 
• Cholera 
• E. coli 
• Salmonella 

https://www.flickr.com/photos/48722974@N07/4523952050
https://creativecommons.org/licenses/by/2.0/
Professor Commentary
Sticky Note
Untreated sewage from humans and livestock, agricultural runoff, and urban runoff can contain viruses and bacteria that cause disease. It is important to treat wastewater before it enters natural streams, rivers, lakes or oceans. Often, this doesn't happen, and it becomes a threat to public health. Wastewater treatment is an important engineering process that cleans and disinfects contaminated water and protects the public from waterborne pathogens. Wastewater is continuously produced by human activity and therefore wastewater treatment requires perpetual input of funds and technology in order to maintain and protect public health. With nearly 8-billion humans living on Earth, all contributing to wastewater, it is important that local, state and national governments invest in and support wastewater treatment initiatives. 



Image from NASA. 
Ohio, USA 

Algae bloom 
Algae bloom 

Algae bloom 
Lake 
Erie 

Ontario, Canada 
Nutrient pollution is caused by excess nitrogen 
(N) and phosphorus (P) in water. These 
nutrients are naturally present in aquatic 
systems at very low concentrations. However, 
when an excess of N or P enters water from 
runoff pollution, it can result in toxic algae 
blooms. The algae produce toxic compounds, 
reduce the dissolved oxygen concentration in 
water, and ultimately kill aquatic organisms and 
make the water unsafe to drink. 

Sources of excess N and P: 
• Agriculture runoff 
• Stormwater runoff 
• Wastewater 

Excess Nutrients 

  
         

         

     

 

 
 

 
 

    
      

   
     

        
       

     
      

    
      

   
 
 

 

Toxic algae blooms (green photo-synthetic organisms 
above) are a major problem each summer in Lake 
Erie for both Canada and the United States. 

Lake Erie Harmful Algal Bloom Forecast 

https://coastalscience.noaa.gov/research/stressor-impacts-mitigation/hab-forecasts/lake-erie/
https://www.nsf.gov/discoveries/disc_images.jsp?cntn_id=298181&org=NSF%20%20epa.gov/sites/production/files/2020-12/documents/nrsa_2013-14_final_report_2020-12-17.pdf
Professor Commentary
Sticky Note
Excess nutrients like nitrogen and phosphorus pose serious threats to water quality.  Here we see a satellite image of Lake Erie with agricultural land surrounding the lake.  In the spring and summer, farmers apply fertilizer to their land, which contains nitrogen and phosphorus, to help their crops grow.  Estimates suggest that during spring and summer rains, up to 25% of the fertilizer’s nitrogen and phosphorus runs off the agricultural land into streams and rivers, which eventually empty into Lake Erie.  Nitrogen and phosphorus are nutrients for photosynthetic microorganisms called algae, which live in Lake Erie.  In a healthy lake, nitrogen and phosphorus are in limited supply in Lake Erie and so algae numbers are low.  When excess nitrogen and phosphorus flow into the lake this allows the microorganisms to grow out of control resulting in toxic algae blooms in the lake.  This make the freshwater unsafe for humans to drink in Canada and the USA.  It also reduces the dissolved oxygen concentrations in Lake Erie, which kills aquatic organisms like fish that need oxygen to live.      
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 Excess Nutrients 
National Rivers and Streams Assessment (NRSA) 

From 2013-14, 
43% of rivers 
and streams 
had excess 

USA experienced nitrogen 
a 3% increase in 
rivers and streams 
with poor quality 
due to nitrogen 

National Rivers and Streams Assessment (NRSA) 

From 2013-14, USA experienced 
58% of rivers 11% increase in 
and streams rivers and streams 
had excess with poor quality 
phosphorus due to phosphorus 

https://www.epa.gov/national-aquatic-resource-surveys/nrsa
https://www.epa.gov/national-aquatic-resource-surveys/nrsa
Professor Commentary
Sticky Note
The Environmental Protection Agency, EPA, collects data on the United State’s rivers and streams.  These data provides information on the ecological condition of the nation’s rivers and streams and key pollutants, like excess nitrogen and phosphorus, that affect them.  Here we see information from the 2013-14 NRSA survey.  These data show that 43% of the nation’s rivers and streams have excess nitrogen and 58% of the nation’s streams have excess phosphorus.  These two pollutants cause algal blooms that pollute our waterways.  

Also shown are the 5-year trends for nitrogen and phosphorus from 2008/09 to 2013/14.  Water quality for nitrogen and phosphorus both became worse in 2013/14.  The USA had 3% more rivers and streams with excess nitrogen and 11% with excess phosphorus.  These data demonstrate a disturbing trend that our nation’s waterways are going to have more algal blooms due to the excess nitrogen and phosphorus.  This just isn’t a problem in the USA.  Many other countries are seeing similar trends with excess nitrogen and phosphorus.      




     

  

      
      
      

   
   

    
     

     

     
     

     
      

    

    

Rive pr i 

Dead Zone 

Mississip 

The Mississippi River carries excess N and P 
from agricultural runoff pollution are carried 
from Midwestern farms to the Gulf of Mexico 

Hypoxia = low or depleted 
oxygen in a body of water 
Oxygen levels within water bodies Gulf of Mexico 
varies naturally. However, when excess 
nutrients flow into a waterway algae 
blooms can occur, which leads to a 
depletion of dissolved oxygen levels. 

Hypoxia leads to dead zones. Dead 
zones are unable to support aerobic life 
(organisms that need oxygen to live) 
and can cause die-offs of fish, shrimp, 
crabs, clams and other organisms. 

Image from Louisiana Universities Marine Consortium, NOAA 

https://oceanservice.noaa.gov/hazards/hypoxia/
Professor Commentary
Sticky Note
In additional to algal blooms, excess nutrients like nitrogen and phosphorus cause hypoxia, low oxygen in the water.  This is primarily a problem for estuaries and coastal waters like those shown here where the Mississippi River flows into the Gulf of Mexico.  As the algae grow and then die, they are decomposed by aerobic bacteria living in the water.  Aerobic bacteria are bacteria that consume oxygen to live, just like humans.  The more decomposition the more oxygen is consumed, until dissolved oxygen levels become very low, less than 2-3 milligrams per liter (2-3 mg/L).  Mobile animals, like adult fish, escape by swimming out of the hypoxic area.  Less mobile animals, like baby fish, mussels, shrimp and crabs are often killed during hypoxic events.  This is bad for local fisheries that depend on fish, shrimp, clams and crabs for their way of life.  This is also bad for the biodiversity of the coastal ecosystem.  

The graphs shows the total area experiencing hypoxia in the USA from 1985 to 2020.  The National Oceanic and Atmospheric Administration (NOAA) has set an annual goal of the USA having less than 2,000 square miles of hypoxia shown as the black dashed line.  You can see that our 5-year average is around 5,500 square miles of hypoxia.  This is a hypoxia-polluted area almost 3-times larger than NOAA’s goal.           




Sediments

Image from Tim Kiser, 2014. CC BY-SA 4.0. 

brown 
color is 
sediment 

Image from European Space Agency, 2019. CC BY SA 3.0 IGO 
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Sediments 
Sediment pollution occurs when loose sand, 
clay, silt, and other soil particles enter a water 
system typically from soil erosion or the 
decomposition of animals and plants. These 
particles are carries to water systems by wind, 
water, and ice. Streams and rivers carry the 
sediment to lakes and oceans. 

Sediment pollution is damaging to water 
systems in that it can decrease the water 
quality for drinking, prevent growth of natural 
vegetation, reduce water depth, destroy 
habitat, make it difficult for organisms to see 
and cause health risks. 

https://en.wikipedia.org/wiki/Mahoning_River
https://creativecommons.org/licenses/by-sa/4.0/
https://commons.wikimedia.org/wiki/File:Sediment_plume_at_sea.jpg
https://creativecommons.org/licenses/by-sa/3.0/igo/deed.en
Professor Commentary
Sticky Note
Sediment pollution comes from land, typically soil erosion.  Streams and rivers carry the sediment down stream and deposit it in lakes and oceans.  Sediment like soil, by itself isn’t toxic, however, it clouds the water making it difficult for aquatic organisms to see, catch food, avoid predators and attract mates.  It can also clog fish gills and impact filter feeders like clams.  The deposited sediment alters the flow of water in the riverways, reduces water depth as it fills up lakes and estuaries thus destroying natural habitats.  Dredging is periodically required to remove excess sediment from harbors and rivers to maintain safe water depths for boat and ship traffic.   




   
  

 
    

 
  

 Chemical Contaminants 

1. Natural or manmade (synthetic) 
2. Organic (carbon-hydrogen) or 

inorganic 
3. Cleaning products 
4. Personal care products and 

pharmaceuticals 
5. Disinfectants and disinfectant 

byproducts 

Professor Commentary
Sticky Note
Chemical water contaminants are diverse.  They can be from natural sources or from human sources.  They can be organic, meaning they are made of carbon-hydrogen molecules, or they can be inorganic.  Inorganic compounds don’t have carbon-hydrogen bonds, and are things like arsenic, uranium, mercury and lead.  Chemical water pollutants come from the cleaning products and personal care products that we use each day.  Humans use thousands of different pharmaceuticals to treat human illness and disease.  As these pharmaceuticals are consumed, some of the molecules passes out of our bodies in urine to enter the wastewater stream.  Disinfectants and disinfectant biproducts also flow into our wastewater and contribute to water pollution.   



   

   

   
    

  

   
     

       
    
   

    
    

     

 
  

  
  

Image by D.328, 2006. CC BY-SA 3.0. 

Persistent Organic Pollutants (POPs) 
POPs are synthetic chemicals that were 
introduced into commercial use after 
World War II. They were used to 
manage pests and diseases, in 
industrial processes/manufacturing and 

Image by Forest Health Protection, 1955. 

DDT application by 
aircraft in the USA during 
1950s to kill mosquitoes 

in the agriculture. Scientists later 
discovered the toxic effects on the 
environment, wildlife and human health. 

Examples of POPs: 

DDT 

• DDT – used as insecticide 
PCB • Dioxin – used as herbicide 

• PCBs – used as electrical coolant 

https://en.wikipedia.org/wiki/Polychlorinated_biphenyl
https://creativecommons.org/licenses/by-sa/3.0/
https://en.wikipedia.org/wiki/DDT
Professor Commentary
Sticky Note
Persistent means it last a long time, typically decades to centuries.  Organic is a molecule that contains carbon-hydrogen bonds.  You are largely organic.  Your DNA, RNA, proteins, lipids, antibodies are all molecules made of carbon bonded to hydrogen in different shapes and sizes.  Pollutants can be organic too, as is the case for DDT, dioxin and PCBs.  

Persistent organic pollutants were synthesized and manufactured by humans for different purposes.  DDT was used to kill mosquitoes and files that spread disease.  PCB was used as a coolant for electrical parts and in hydraulic fluids.  Humans didn’t realize the danger that these compounds posed to human health until after millions of tons of these chemicals had been used over several decades.  Scientists began to see diseases in wildlife and humans, like cancer and birth defects, that they traced back to DDT, dioxin, PCB.  Laws were passed banning their use, the chemicals were outlawed, and production ceased.

Unfortunately, these compounds are very stable and persist in the environment for decades and even centuries.  They bioaccumulate in food chains, they build up inside of birds, fish and mammals, including humans, and cause diseases like cancer.  So even though we stopped using most of these organic pollutants decades ago, they persist invisible within the environment, posing a threat to human health and the health of ecosystems all over our planet.  In fact, some of these toxic compounds are very likely inside your body, especially compounds like PCB, polychlorinated biphenyls.  Its difficult if not impossible to avoid them.            




Biomagnification

 

 

    
    

    
   

  
     

     
      

  

 
 

 

-Image by Sballersteros15, 2014. CC BY SA 3.0. 

Biomagnification = the
process of toxic chemicals 
accumulating within
organisms across a food 
chain 
As organisms higher up in the 
food chain consume those 
below, more and more toxic 
chemicals enter their systems, 
and these concentrations 
magnify. Predators at the top of 
the food chain are most 
affected and the most at risk of 
serious health effects. 

PCB 
45 ppm 

PCB 
18 ppm 

PCB 
11 ppm 

PCB 
5 ppm 

https://commons.wikimedia.org/wiki/File:Biomagnification.svg
https://creativecommons.org/licenses/by-sa/3.0/deed.en
Professor Commentary
Sticky Note
One of the main problems with persistent organic pollutants is related to its chemistry.   These compounds build up and up in concentration as they move up the food chain.  These compounds are fat soluble, meaning they like to dissolve and remain in the fatty tissues of animals.  Once inside the fatty tissue of an animal, it is extremely difficult to get rid of it.  Predators at the top of the food chain end up having the highest concentration of the toxic organic pollutant, which leads to diseases like cancer.  Humans sit at the top of all food chains and so we are at risk too.  

In this example, the concentration of the persistent organic pollutant PCB is 5 part per million in the grass at the bottom of the food chain.  As we move up and up the food chain the mouse eats grass, snake eats mouse and hawk eats snake.  The concentration of PCB builds up and up in the fatty tissue of each organism from 5, 11, 18 and 45 parts per million at the top of the food chain.  The hawk’s body contains PCB at a concentration of 45 ppm, which is now at a level that is toxic, and the hawk will die from PCB poisoning.
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Plastics 
It is difficult to gauge how much plastic is currently in our 
rivers, lakes and oceans, however, scientists estimate 
about 8 million metric tons entered the ocean in 2010. 
Plastic is an especially dangerous water pollutant 
because unlike other forms of waste, plastic does not 
readily decompose. 

Microplastics = small microbeads and 
microfibers less than 5 mm in size 

Plastic is found in personal care products, cosmetics, 
clothing (e.g., polyester, nylon), cars, computers, 
shoes, homes, etc. Over time sunlight, weather and 
waves break down plastics into smaller and smaller 
pieces. Plastics acts like sponges absorbing 
substances, including PCB, DDT and persistent 
pollutants, and toxic when consumed by aquatic 
organisms. 

Professor Commentary
Sticky Note
Plastics are ubiquitous, in virtually everything we use today.  According to the EPA, outside of the small amount of plastic that has been incinerated, every piece of plastic that was ever manufactured still exists on Earth today.  Every plastic product you have ever used is still on our planet, somewhere.  Unlike glass, plastic breaks down into smaller and smaller pieces when exposed to sunlight, weather, waves and salt water.  When the pieces reach a size of 5 mm, they are referred to as microplastics.  Plastic is hydrophobic and acts like a sponge adsorbing other hydrophobic molecules like PCB, DDT, dioxin and many other types of persistent pollutants.  Thus, microplastics become toxic particles coated with persistent pollutants as they float in lakes, rivers and oceans.  Aquatic organisms like insects, fish, and turtles mistake microplastics as food and ingest them, becoming sick from both the plastic and the persistent pollutants that are sticking to the microplastics.  This becomes a health concern for humans when we eat fish that have consumed microplastics.  




Professor Commentary
Sticky Note
Recycling and reusing plastic is essential.  Unfortunately, today its often cheaper for companies to produce new plastic rather than recycle and reuse old plastic.  To solve our plastic problem, we need to stop manufacturing new plastic, stop single-use plastics, and replace plastics with other products like glass, ceramic, paper, porcelain, bamboo.  In addition, scientists and engineers need to develop new eco-friendly bioplastics to replace plastic products.  




        
        

          
     

          
         

  
        

  
       

 Human Health 
Poor water quality is one of the world’s largest public health problems and 
environmental problems. Humans can be affected by poor water quality by 
drinking, swimming, eating fish or bathing in contaminated water. This problem 
disproportionally affects the world’s poorer and developing countries. 

The United Nations estimates that 2 million human deaths occur each year as a 
result of unsafe drinking water, sanitation and hand hygiene. 

Unsafe water sources: 
• Due to poor sanitation and inadequate sources of drinking water 
• Causes diseases like cholera, dysentery 
• Can result in childhood malnutrition and even death 

Professor Commentary
Sticky Note
The United Nations estimate that 800 million people lack basic drinking water services, and 2 billion people use contaminated water sources.  Most of these people live in places where sociocultural and economic inequalities persist.  This problem is expected to impact more people over the coming decades due to climate change and the growing human population.  

To solve this problem, we will need collaboration between countries, better management practices of water resources, implementation of new governmental policies, strengthened regulation and monitoring programs and improvements in technology for wastewater treatment, irrigation and drinking water production.  We will also need significant funds from governmental sources to support these important public health programs.        




     
 

Estimated 2,700,000 million human deaths 
due to contaminated water in 2017 

Professor Commentary
Sticky Note
This graph shows different risk factors that can lead to human death.  Three risk factors are associated with contaminated water.  These risk factors include unsafe water sources, poor sanitation and limited access to handwashing facilities.  In 2017 these three risk factors alone resulted in an estimate 2.7 million deaths worldwide, most occurring in developing countries.  The deaths are all preventable with access to clean water and proper sanitation practices that prevent the transmission of diseases like cholera and dysentery.    




 
 

  
 

 
   

  
 

 
  

 

 

  

    

    

Countries in 
green lack Russia 

North access to Europe 
clean water America China and proper 
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Less than 20 Africa Indonesia 
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100,000 America 
individuals due Over 100 Australia 
to unsafe water deaths per 

100,000 
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0 deaths per to unsafe water 100 deaths per 
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Safe Water Unsafe Water 

Professor Commentary
Sticky Note
From this map we can see that wealthy countries like the Americas, Europe, Russia, China, Australia have very few if any deaths from unsafe water.  Compared to countries in Africa, India, Indonesia where we see many deaths each year due to unsafe water.  Inadequate and/or poorly managed water and sanitation services expose individuals in these countries to preventable diseases and death.  Physical water scarcity is seen in many countries in Africa, that lack water due to drought or arid environments.  Economic water scarcity occurs in countries like Bangladesh, which have plenty of water but lack the funds and/or infrastructure for proper sanitation and production of clean water.  Both cases, physical water scarcity and economic water scarcity, result in dehydration, malnutrition, waterborne disease and death.  




 

 

Objective 2: Differentiate 
between point source 
pollution and nonpoint 
source pollution. 

Professor Commentary
Sticky Note
Lecture Objective 2. At the end of this video, you should be able to differentiate between point source pollution and nonpoint source pollution. 




Nonpoint Source Pollution
 

      
     

   

     
  

   

    
 
 
 

  
-Image by Fotokannan, 2011. CC BY SA 3.0. 

Nonpoint Source Pollution = 
originates from multiple 
diffuse sources that are 
often impossible to trace 
back 
According to the EPA, nonpoint source 
pollution is the “leading remaining cause 
of water quality problems.” 

Nonpoint source pollution exists in a 
variety of environments and is extremely 
difficult to fully assess. 

https://commons.wikimedia.org/wiki/File:Water_pollution_due_to_plastic.jpg
https://creativecommons.org/licenses/by-sa/3.0/deed.en
Professor Commentary
Sticky Note
Runoff pollution from agricultural land and urban land are the major sources of nonpoint source pollution.  Mining sites are also a source of nonpoint source pollution.

As rain and snow falls on land it picks up pollutants that are found on the land and the water and gravity carries the pollutants into streams, rivers, lakes and oceans. 

For example, when it rains in a city, the water falls on roads, roofs, parks, sidewalks, neighborhoods and picks up pollutants on these surfaces.  Urban landscapes are made up of impervious surfaces, such as asphalt, roofs, blacktop, sidewalks, and cement.  The water can’t flow naturally into the ground.  Instead, the stormwater is channeled and transported to storm drains that empty into streams, rivers and oceans.  It is impossible to trace individual pollutants found in a river or ocean back to its original source.  This type of pollution is referred to as nonpoint source pollution.  




Impact of nonpoint source pollution    

Image from EPA. 

Professor Commentary
Sticky Note
These date are from the U.S. Environmental Protection Agency, EPA.  You can see that nonpoint source pollution is the biggest threat to our nation’s water quality.  Nonpoint source pollution accounts for 45% of all pollution in our nation’s estuaries, 76% of the pollution found in our lakes and 65% of the pollution found in our rivers.  

This problem is not unique to the United States.  Nonpoint source pollution is the major source of water pollution for most if not all countries.  

Since the exact location and source of the pollution can’t be determined, it is extremely difficult to prevent nonpoint source pollution through the enforcement of existing environmental laws.  
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Cities 

Landscape 
Natural 

Agriculture 

15% of rain 55% of rain 
results in runoff results in runoff 

Accumulation Good 
of pollutants water 
and poor quality 
water quality 

Nonpoint source pollution comes 
from many sources such as urban 
landscapes, agricultural land and 
mining sites. 

Rainfall or snowmelt moves over and 
through the ground picking up 
pollutants and carrying them away 
from the source, such as agricultural 
fields or suburban neighborhoods. 

Gravity carries the water to larger 
bodies of water such as rivers, 
wetlands, lakes, and oceans where it 
is deposited and accumulates over 
time resulting in poor water quality. 

Image modified from Houellette, 2017. CC BY-SA 4.0. 

https://commons.wikimedia.org/wiki/File:Nonpoint_Source_Pollution.svg
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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Surface runoff, impervious surfaces (e.g., concrete, roofs, asphalt), lack of natural vegetation (e.g., grasses, scrubs and trees) all lead to nonpoint source runoff pollution.  Natural ground cover like grasses, scrubs and trees slow down the flow of water and naturally filter and absorb pollutants from the water.  This keeps streams, rivers, lakes and oceans clean.  Urbanization and agriculture are the two biggest contributors to nonpoint source pollution today.

In natural ecosystems 50% of the rainwater is absorbed and filtered by the soil, 40% returns to the atmosphere by evapotranspiration and 10% is runoff.  In a natural system water, pollutants are filtered naturally by soil minerals, microorganisms and plants resulting in clean water.     

In cities and agricultural systems, only 15% of the rainwater is absorbed and filtered by soil, 30% returns to the atmosphere by evapotranspiration and 55% is runoff.  Little to no filtration occurs and pollutants end up in streams, rivers, lakes and oceans.           




    

   
 

  
 

 
 

 

     
       

    
       

Image from Lynn Betts, USDA. 

Sources of Nonpoint Source Pollution 

1. Urban and residential areas 
2. Agricultural land 
3. Roads, highways and bridges 
4. Construction sites 
5. Atmospheric inputs 
6. Mining operations 
7. Deforested lands 
8. Boats and marinas 

These human systems lack natural vegetation that 
slows the movement of water allowing plants, natural 
microorganisms and soil minerals to filter pollutants 
out of the water resulting in clean water. 

https://en.wikipedia.org/wiki/Nonpoint_source_pollution
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Nonpoint source pollution comes from human activity and results in poor water quality because water can’t be filtered like it is in a natural system.  In a natural system, rainwater falls to Earth and takes days to weeks to reach streams and rivers.  During this time, pollutants can be absorbed, broken down and filtered by natural microorganisms, soil minerals and plants.  In an urban landscape or an agricultural landscape, within a few minutes to hours of falling to Earth, the rainwater has reached a stream or river without ever being filtered or cleaned by natural processes.  It’s important to (1) slow the flow of water down so that soil minerals and soil microorganisms have enough time to breakdown and absorb pollutants and (2) provide natural grasses, scrubs and trees that can act to absorb and filter the water as it slowly passes through the ecosystem.         




Controlling nonpoint pollution

Image from NRCS. 
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Controlling Nonpoint Source 
Pollution in Agriculture 
1. Add buffer strips of natural vegetation 

between farm fields and water bodies to 
absorb and filter runoff pollution 

2. Reduce tillage or utilize conservation 
tillage practices to reduce soil erosion and 
loss 

3. Properly manage crop nutrients and apply 
fertilizers sparingly and at the correct times 
(e.g., don’t apply manure to fields during 
winter months when crops are not growing) 

4. Manage insects and weeds responsibility 
and with minimal to no pesticides or 
herbicides 

https://en.wikipedia.org/wiki/Buffer_strip
Professor Commentary
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One of the biggest sources of nonpoint source pollution is from agricultural land to grow crops and livestock.  To minimize the flow of agricultural nonpoint source pollution such as nitrogen, phosphorus, pesticides and herbicides, we can do several things.  These include surrounding cropland with buffers strips of grasses and scrubs, preserve and protect natural ecosystems, practice reduced tillage farming practices, apply fertilizers to crops in a targeted and responsible manner and use pesticides and herbicides sparingly.  




 

   
  

 

 
  

 

      
      

      
   

    
    

  
     

       
 

    
      

  

   
   

Image from Drm310, CC BY-SA 4.0. 

Retention pond to
hold back stormwater 

runoff 

Image from EPA.. 

Construction 
Site 

Silt Fence 
Natural 
Vegetation 

Urban Landscape 

Controlling Nonpoint Source 
Pollution in Urban Areas 
1. Add buffer strips or natural vegetation around 

parking lots, sidewalks, or other areas with 
excess pavement 

2. Add retention ponds to hold runoff and 
stormwater giving microorganisms and plants 
more time to breakdown pollutants 

3. Construct sediment fences at construction 
sites to slow runoff 

4. Establish wetlands, plant trees and other 
natural elements to hold soil in place and 
reduce runoff 

5. Use porous materials for pavement and 
highways to allow rainwater and snowmelt to 
filter into soil 

https://en.wikipedia.org/wiki/Retention_basin
https://creativecommons.org/licenses/by-sa/4.0/
https://en.wikipedia.org/wiki/Silt_fence
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The United Nations estimates that approximately 60% of the global population of people now lives in cities.  Urban landscapes are made of impervious surfaces like roofs, asphalt and concrete.  Many urban landscapes also lack natural vegetation.  These impervious surfaces and lack of vegetation results in stormwater runoff from neighborhoods, roads, bridges, parking lots and sidewalks.  We can help prevent this type of nonpoint source pollution by planting grasses, scrubs and trees to act as buffer strips, adding retention ponds to slow down the flow of stormwater, erect sediment fences at construction sites, preserve and establish wetlands and parks and use new types of porous materials in our roads, sidewalks and parking garages to allow rainwater and snowmelt to filter into the soil.       




Point Source Pollution

 
 

    
     

   

       
   

    
      

    

  

  

Pipe 

point source pollution 

Point Source Pollution 
According to the EPA, a point source 
is “any discernible, confided and 
discrete conveyance such as ditches, 
pipes, tunnels, wells, etc. from which 
pollutants are or may be discharged 
from.” 

Effluent = wastewater discharged
into the environment 

While point source pollution originates 
from a specific source, it can greatly 
impact the overall environment. 

Professor Commentary
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Point source pollution has a single identifiable source for the pollutants.  In this photograph we see a pipe that is discharging pollution.  The EPA can trace the pipe back to the source of the pollution and stop the pollution, shut down the company, levy fines and/or take legal action.  Because its easy to determine the source (such as pipe, ditch, tunnel), point source pollution is much easier to monitor, regulate and stop compared to nonpoint source pollution.  The type of pollution (such as organic, radioactive, metal, petroleum) varies by source.      




Sources of Point Source Pollution

 

  
    

  
  

  
   

    
   

 

   

Image from EPA. 

Sources of Point Source Pollution 

1. Industrial plants and factories 
(e.g., oil refineries, chemical 
manufacturers, food 
processors, pharmaceutical 
manufactures) 

2. Sewage treatment plants 
3. Concentrated animal feeding 

operations 
4. Waste discharge from ships, 

boats, vessels or floating craft 
5. Construction zones 

https://en.wikipedia.org/wiki/Point_source_pollution
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There are many different types of point source pollutants, including industry, sewage treatment plants, livestock feeding operations, ships and construction zones.  




Municipal Wastewater

 

  

 

      

     
      
      

      

        
      

    
   

 

 

Image modified from Cleanwaterguru24, CC BY-SA 3.0. 

Image by ehpien, Flickr, CC BY-NC-ND 2.0. 
Urban runoff 

Human waste 

National Pollutant Discharge Elimination System, Municipal Wastewater 

Combined sewer systems collect both rainwater 
runoff and domestic sewage (e.g., wastewater from 
toilet, washing machine, dishwasher, sink). It 
transports this wastewater for treatment to a sewage 
treatment plan. 

However, if large storm or rain events occur, the 
wastewater can overwhelm the system and 
discharge directly into nearby water bodies and 
polluting these areas. 

Combined Sewer Overflows (CSOs) 

Municipal 
Wastewater 

https://commons.wikimedia.org/wiki/File:Water_urban_cycel.jpg
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://www.flickr.com/photos/91499534@N00/553884689
https://creativecommons.org/licenses/by-nc-nd/2.0/
https://www.epa.gov/npdes/municipal-wastewater
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The collection and treatment of domestic sewage and wastewater is vital to public health and clean water.  Towns and cities collect and treat municipal wastewater at a sewage treatment plants.  Municipal wastewater includes domestic sewage and wastewater from homes, businesses, hospitals and schools.  The wastewater is treated and cleaned before it is discharged into a local stream, river, lake or ocean.  The U.S. Environmental Protection Agency establishes discharge limits and conditions for municipal wastewater treatment facilities.    

However, heavy rainfall or snowmelt can bring too much water into the system too quickly resulting in overflow of wastewater directly into streams, rivers, lakes and oceans.  The overflow wastewater contains untreated raw sewage and wastewater from sinks, showers, washing machines and dishwashers, as well as wastewater from streets and roads.  




Recycling Water

 

   
       

  

      
    

   
    

 

Municipal Wastewater 
Plant 

Cleans wastewater and then 
puts it into a river, lake or ocean 

Water Purification 
Plant 

Takes water out of a river or 
lake, purifies it with filters and 
distributes it to people as 
drinking water (i.e., tap water) 

On Earth one person’s 
wastewater ALWAYS 
becomes another person’s 
drinking water. 

Wastewater 
Treatment  

Plant 

Water 
Purification 

Facility 

Wastewater 
Treatment  

Plant 

Water 
Purification 

Facility 

Wastewater 
Treatment  

Plant 

Photo provided by the SeaWiFS Project, NASA/Goddard Space Flight Center, and ORBIMAGE
Data Date: April 24, 2000, Visualization Date: April 24, 2000, Sensor(s): OrbView-2 - SeaWiFS 

Professor Commentary
Sticky Note
Water is constantly recycled and reused by all life on Earth, over and over again for billions of years in the past and billions of years into the future.  That’s why it is very important to protect this precious and finite resource.  Here we see the Great Lakes, which both provides drinking water for millions of Canadians and Americans and serves as a place where treated wastewater is discharged.  Wastewater from homes, schools and businesses is treated and discharged into the Great Lakes.  Water Purification Plants take water out of the Great Lakes, purify it with filters and distribute the tap water to people to use in homes, schools, hospitals and businesses.  Wastewater treatment and water purification are both expensive processes, especially considering that a person living in Canada, or the USA uses about 100 gallons of clean tap water each day for drinking, cooking and washing.




 

 

  

Objective 3: Identify and describe 

key legislation, policies and 

actions related to the protection 

of water resources. 
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Lecture Objective 3. By the end of this lecture, you should be able to identify and describe key legislation, policies and actions related to the protection of water resources. 




Cuyahoga River
   

      
       
      

    
 

       
  

    
    
   

       

 

 
Image by Tim Evanson, Flickr. CC BY-SA 2.0. 

Cuyahoga River 
Between 1936 and 1969, the Cuyahoga 
River in Cleveland, Ohio caught fire at 
least 13 times. The river experienced 
heavy levels of industrial pollution that 
was highly flammable. 

The large 1969 fire helped spur activism 
towards environmental awareness and 
preservation of our nation’s water 
resources. This ultimately resulted in new 
legislation like the U.S. Clean Water Act 
that aimed to prevent water pollution. 

https://www.flickr.com/photos/timevanson/20609077970/
https://creativecommons.org/licenses/by-sa/2.0/
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Sticky Note
Water pollution in the USA grew during the industrial revolution through the mid-1900s.  Nationwide awareness of water pollution in the USA took off in the 1960s because citizens witnessed more frequent environmental disasters like fires on the Cuyahoga River in Cleveland, Ohio.  In addition, scientist like Rachel Carson published journal articles and books (for example, Rachel Carson’s best-selling book Silent Spring) describing the effects that synthetic chemicals had on the health of wildlife and public health.  Public activism grew and people demanded that our federal government take action to prevent water pollution and protect our water resources.   




Clean Water Act

    
    

    
     

    

      
         

    

         
         

 

 
        

       

    

  

Clean Water Act (CWA) of 1972 
Originally passed as the Federal Water Pollution Control 
Act of 1948 it was amended, rewritten and renamed the 
Clean Water Act of 1972. 

The Clean Water Act is the major federal law governing 
water pollution in the United States and was a milestone for 
environmental laws. 

The CWA has 2 basic goals: 
1. Eliminate the discharge of toxic pollutants in U.S. 

waterways 
2. Attain water quality levels that make U.S. 

waterways safe for swimming and fishing 

Unfortunately, the EPA estimates that 
70% of nation’s lakes, ponds and 
reservoirs and 90% of nation’s ocean 
coastal areas still have not achieved 
these 2 basic goals today. 

Image from EPA. 

Professor Commentary
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The Clean Water Act was the United State’s first and most influential modern environmental law.  The Environmental Protection Agency (EPA) oversees the enforcement of the Clean Water Act. The objective of the Clean Water Act is to restore and maintain the chemical, physical and biological integrity of our nation’s water.  Even though the law has been in effect for 50 years, most of our nation’s water ways still violate Water Quality Standards, mainly because of nonpoint source pollution.  




Clean Water Act continued

 

 
 

 
 

 

 

   

   
      

      
   

     

      
      

    
   

     
 

   

   

Excellent Water 

Polluted Water 

Clean Water Act of 1972 Treating and Cleaning Wastewater 

The Environmental Protection Agency Treated 
enforces the Clean Water Act (CWA). The 
CWA of 1977 saw large numbers of 
amendments as the public became more 
concerned of water pollution issues. 

The CWA introduced a permitting system 

Clean 
Effluent 
Water 

Polluted 
Water 

Very Clean
Effluent 
Water 

Clean 
Effluent 
Water 

Clean Water 

Untreated 
Polluted Water 

in order to regulate point sources of 
pollution. It also establishes efforts to 
research water quality standards to 
improve impaired waters of the United 
States. 

Image modified from EPA. 

https://www.epa.gov/npdes/npdes-resources
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Sticky Note
Under the Clean Water Act, municipal wastewater treatment plants were built and upgraded so that our nation’s wastewater could be treated to remove contaminants and improve the quality of effluent water that was discharged into the environment, in lakes, rivers or oceans.  Wastewater treatment facilities take raw sewage water and clean it through a series of treatment processes referred to at primary, secondary and tertiary treatment.  With each success treatment process, the water becomes cleaner and cleaner.  The goal is to clean the water before it is discharged back into the environment in our nation’s lakes, rivers and oceans.  

Wastewater treatment plants use physical, chemical and biological treatment methods to clean wastewater that includes pumps, drains, screens, filters, sedimentation, and microorganisms.  Once the water is cleaned, it is disinfected, typically with chlorination, to reduce the number of microorganisms and then the cleaned effluent water is discharged back into our nation’s lakes, rivers or oceans.        

The graph shows the quality of effluent water in the USA before and after the Clean Water Act.  The amount of polluted water flowing into our nation’s lakes, rivers and oceans decreased, while the amount of treated and cleaned effluent water increased. 




        
         

       
         

   

            
     

             
 

     

   National Recommended Water Quality Standards 
Under the CWA, water quality standards are established. The Water Quality 
Standards Program (WQS) designates intended uses of surface water in the United 
States (recreation, agriculture, aquatic life, etc.) and generates water quality criteria 
based on research data. Criteria includes numerous pollutant levels that affect both 
aquatic life and human health. 

If a body of water does not meet the water quality criteria, a Total Maximum Daily 
Load (TMDL) will likely be developed. 

Total Maximum Daily Load (TMDL) = “a calculation of the maximum amount of 
a pollutant allowed to enter a waterbody so that the waterbody will meet and 
continue to meet water quality standards” --EPA 

Professor Commentary
Sticky Note
The Environmental Protection Agency (EPA) determines and establishes the total maximum daily load for a pollutant allowed in a waterbody.  For example, the EPA sets the daily limit for petroleum hydrocarbon pollution into a lake at 3.5 micrograms per liter.  This value serves as a starting point and planning tool for restoring water quality with the goal being that petroleum hydrocarbon pollution be at or below this limit of 3.5 micrograms per liter each day.  




  
 

    
      

     
     

     

      
    

        
     

    
     

    National Pollution Discharge Elimination System 
The NPDES permit program was 
established by the Clean Water Act and 
regulates point source pollution in the 
United States. Either state governments or 
the EPA issue permits within each state. 

“The Clean Water Act prohibits anyone from 
discharging pollutants through a point 
source into a body of water of the United 
States unless that have an NPDES permit.” 

Permits have limits on discharge and 
require constant monitoring and reporting. 

Locate a 
NPDES Permit 

https://www.epa.gov/npdes-permits
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Before a town, city, industry or company can discharge a pollutant from a point source (for example, a pipe) into a stream, river, lake or ocean, they must first obtain a permit from the National Pollution Discharge Elimination System. A NPDES permit will generally specify an acceptable level of a pollutant in discharged wastewater. For example, a certain level of bacteria allowed to enter a river each day.  The EPA monitors and enforces the conditions of the permit.     




National Map of Regulated MS4s

           

 

  
 

  
  

  
    

  
   

 

   

Stormwater 
Discharges from 
Municipal Sources 

Polluted stormwater 
runoff is commonly 
transported through 
municipal separate 
storm sewer systems 
(MS4s) and are often 
discharged, untreated 
to streams, rivers, 
lakes and oceans. 

Phase I regulation began in 1990. Phase II began in 1999. 

Professor Commentary
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Urban stormwater runoff contains a lot of pollution from nonpoint sources (for example, parking lots, neighborhoods, roads).  To prevent harmful pollutants from being washed or dumped into municipal separate storm sewer systems (commonly called MS4s), certain operators are required to obtain NPDES permits and develop stormwater management programs.  The 1990 Phase I regulation requires medium and large cities or certain counties with populations of 100,000 or more to obtain NPDES permit coverage for their stormwater discharges. There are approximately 855 Phase I MS4s covered by 250 Individual Permits. The 1999 Phase II regulation requires small cities and counties to obtain NPDES permit coverage for their stormwater discharges. Phase II also includes non-traditional MS4s such as public universities, departments of transportation, hospitals and prisons. There are approximately 6,695 Phase II MS4s. 




The Fight to Define Water

                 
       

             
            

           

              
              
        

           
     

   

The Fight to Define Water 
Water is a finite resource and our most valuable resource. Without it, life cannot exist. Water 
pollution can be difficult to control and regulate. 

The Clean Water Act and rules within it have been amended many times since its creation in 
1972 and will likely continue to change as research, policy, and public interest develops. These 
changes come in the form of new restrictions, technologies, standards, etc. 

It is difficult for us to define which waters we want to regulate. Legislation in the past has 
included the term “navigable waters” (those that are or have been used by boats and 
ships for interstate or foreign commerce) to define what waters are federally regulated. 

More amendments and provisions have been created in recent years with goals to even further 
clarify which waters fall under federal jurisdiction. 

Professor Commentary
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The jurisdictional scope of the 1972 Clean Water Act is the “navigable waters,” defined in the Clean Water Act as the “waters of the United States”.  The Clean Water Act provides the discretion for EPA and the U.S. Department of the Army to define “waters of the United States” in regulations and enforcement.




Marine Water Protection

            
    

     
      

     
     

  
      

    
    

 
   

  

  

Marine Water Protection 
There are several U.S. laws and policies in place that protect marine waters, coastal 
beaches and the Great Lakes. 

• Marine Plastic Pollution Research and Control Act 
o Studies the effects of improper plastic disposal and methods for reduction 

• Marine Debris Research, Prevention, and Reduction Act 
o Works to locate and reduce marine debris 

• Shore Protection Act 
o Aims to eliminate improper waste management near shorelines 

• Marine Protection, Research, and Sanctuaries Act 
o Prohibits ocean dumping from traveling vessels 

• BEACH Act 
o Creates water quality standards for areas used as recreation 

Professor Commentary
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The U.S. government also has several important laws in place that prohibit dumping harmful materials into the ocean, requires a permit to transport waste within coastal waters and protects beachgoers from contaminated water in coastal beaches and the Great Lakes.  The U.S. EPA and U.S. Coast Guard are responsible for monitoring and enforcement.    




Lecture Objective 4

 

 

 

  

Objective 4: Identify characteristics and 

services of riparian areas and describe 

strategies for maintaining healthy riparian 

areas and water bodies. 
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Lecture Objective 4. By the end of this lecture, you should be able to identify characteristics and services of riparian areas and describe strategies for maintaining healthy riparian areas and water bodies. 
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Watershed = 
an area of land 
that by gravity, 
channels 
snowmelt and 
rainfall into 
rivers and 
streams that 
flow into an 
outflow point 
such as a lake 
or bay 

Gulf of 
Mexico 

Mississippi River 
watershed in the 
USA drains parts of 
31 states into the 
Gulf of Mexico 

Agriculture 
runoff shown 
in green 

Urban runoff 
shown in red 

Professor Commentary
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A watershed is an area of land that by gravity, channels snowmelt and rainfall into rivers and streams that flow into an outflow point such as a lake or bay.  A watershed can be small or large, its size is defined by geography.  The largest watershed in the USA is the Mississippi River Watershed that drains parts of 31 states into the Gulf of Mexico.  As the water flows south, it picks up pollutants from these 31 states and transports them hundreds of miles into the Gulf of Mexico.  

These pollutants can even cause a Dead Zone to form in the Gulf of Mexico.  Too much nitrogen and phosphorus causes algae blooms in the Gulf, which then leads to hypoxic ocean water (low oxygen) that kills marine organisms such as clams, oysters, shrimp, crabs and fish.  This has a devastating impact on the Gulf’s seafood industry and tourism, causing billions of dollars in damages each year.   




Image from USGS. 

Watershed Map

  

  
  

 
  

 

 

  
 

    

 

   
   

    
     

    
   

      
   

 

   
     

   
    

  

 

M
ississippi 

Water from thousands of creeks 
and streams flows to larger 
bodies of water through each 
watershed in the United States. 
As this water flows, it can pick 
up pollutants or toxins in its 
path. These can have negative 
effects on water quality and 
aquatic life. 

Contaminated water never stays 
in one place, it is transported by 
gravity to other freshwater 
systems, oceans, or into 
groundwater aquifers. 

Each colored 
region is a 
different 
watershed in 
North 
America. 

Mississippi Gulf of 
Watershed Mexico 
(shown in 
orange) drains 
into the Gulf of 
Mexico. 

https://www.usgs.gov/media/images/watershed-map-north-America
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A watershed is an area of land that drains all the streams, rivers, snowmelt and rainfall into a common outlet such as a freshwater lake or ocean. Watersheds can be small or large enough to encompass all the land that drains water into a large ocean basin like the Gulf of Mexico, which is part of the Atlantic Ocean. This map shows the U.S. Geological Survey (USGS) watershed boundaries in North America.
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Ripa
Riparian Area rian Area - native trees, scrubs

grasses, soil, minerals, microbe , s 

Riparian Area 
River 

Agriculture 
Agriculture 

Riparian Area = areas 
adjacent to water bodies, 
such as flood plains or 
stream banks 
Riparian areas may not be large in area, but 
they are key for healthy watersheds and their 
ecological function. Riparian areas are 
essential in providing ecosystem services to 
surrounding water bodies. Agriculture 
They are unique in that they properly cycle 
nutrients and water, control hydrologic 
function and water flow, and provide plant 
and animal habitat. 
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Riparian areas are land that is situated between human activity (farm, town, road, mine) and a body of water (stream, river, lake, ocean).  Sometimes they are referred to as buffer zones.  The minerals, microorganisms and vegetation contained within the riparian area acts to filter, trap and remove pollutants that originate from human activity.  Riparian areas are effective means to protect and preserve water quality by trapping, filtering and removing pollutants before they reach a stream, river, lake or ocean.




 

  
   

 

  
   

 

   
 
 

 

 

 
 

 

 
 

 

        
            

           
            

Image from EPA. 

Pollutants are filtered 
from water by plants, 
minerals and microbes 

Pollutants are filtered 
from water by plants, 
minerals and microbes 

Agricultural 
Land 

runoffrunoff 

Urban 
Land 

Water quality 
is good 
because 

riparian areas 
filter runoff 

pollution and 
prevent 
erosion 

Native 
trees, 
scrubs, 
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Native 
trees, 
scrubs, 
grasses 

Riparian areas are characterized by their soils and vegetation. Soils that have larger particles 
(sandy/loamy) allow for more infiltration and transmission of water. A diversity of vegetation is 
important in riparian areas to provide habitat, nutrients, proper drainage, stability, etc. Trees 
are especially important for their root systems that hold banks in place and reduce erosion. 

https://www.epa.gov/sites/production/files/2015-10/documents/chesbay_chap05.pdf
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Here we see a town on the left, farm on the right and a stream in the middle.  Riparian areas situated between human activity and the stream, act to filter and trap pollutants before they can reach the stream.  Natural soil minerals, natural soil microorganisms, and natural plants all act to filter, trap and remove pollutants before they can reach the stream.  Without a riparian area, or buffer zone, pollutants would be able to freely flow into the stream, which would result in poor water quality.  By taking advantage of nature and letting nature do her thing, we can protect our water quality from runoff pollution.         




 

  

  
 

  

   

   

  
 

Benefits of Riparian Areas 
• Filter sediment pollution 
• Filter nutrient pollution 
• Plants and soil minerals 

absorb pollutants 
• Soil microbes absorb, break 

down pollutants 
• Reduce flooding and controls 

water flow 
• Create and maintain aquatic 

habitat 
• Maintain water quality levels 

for aquatic life 
• Aesthetic value 

Image from EPA. 

https://www.epa.gov/sites/production/files/2015-10/documents/chesbay_chap05.pdf
Professor Commentary
Sticky Note
Many benefits are associated with riparian areas. Some of these benefits can be replicated with human technology such as reservoirs (for flood control) and wastewater treatment plants (for pollutant removal). However, none of our single-function replacement technologies provide the multiple and simultaneous functions of a healthy riparian area.  Riparian areas provide habitat for native plants and animals, trap, filter and remove pollutants, act as a natural barrier, provide water and food to native wildlife, transport materials and act as a sink for excess water and materials.  




           
         
       

       
          

      
      
     

   
    

      
     

 Conducting Research 
There are many federal and state agencies that conduct research on our nation’s water 
resources. The U.S. Environmental Protection Agency (EPA) and the United States 
Geological Survey (USGS) are two prominent agencies in this research. 

The USGS has water quality laboratories across the country where water samples are 
analyzed. Over 150 field offices conduct research and protect our water resources by: 

• Collecting water samples from groundwater and surface-water bodies 
• Measuring water properties, such as pH or temperature 
• Compiling data from many sources on water use 
• Writing reports on water resources 
• Creating water databases and computerized models 
• Producing maps, reports and websites to educate the public 
• Informing governmental leaders of water related issues 

Professor Commentary
Sticky Note
The U.S. Environmental Protection Agency and U.S. Geological Survey are two governmental agencies that conduct water research and protect our nation’s waters through monitoring programs and the enforcement of federal laws and regulations.  




  
       

    
      

    

    
     

    
   

      
  

     

Monitoring and Assessment 

Water research and monitoring allows 
scientists to develop long term programs, 
such as the USGS’s National Water 
Quality Assessment (NAWQA) Project. 
Based on data collected over time, 
researchers can assess the conditions 
and propose new solutions or strategies. 

This real-time nitrate tracker shows the 
concentration of nitrate at different USGS 
sample sites throughout the USA. 

WaterQualityWatch Continuous Real-Time 
Water Quality of Surface Water in the United 
States 

https://waterwatch.usgs.gov/wqwatch/?pcode=00630
Professor Commentary
Sticky Note
In 1991, Congress established the National Water-Quality Assessment (NAWQA) Project to address where, when, why, and how the nation's water quality has changed, or is likely to change in the future, in response to human activities and natural factors. Since then, NAWQA has produced scientific data and knowledge that is used by national, regional, state, and local agencies to develop science-based policies and management strategies to improve and protect water resources used for drinking water, recreation, irrigation, energy development, and ecosystem needs.  A prominent feature of NAWQA is the development of long-term consistent and comparable information on streams, rivers, ground water, and aquatic systems.  This map is an example of the real-time data that can be obtained from this project.  




      
       

          
      

        
        
    

      

         
  

  

 Freshwater Ecosystem Health Indicators 
Scientists at the EPA, evaluate water quality based on health 
indicators. These surveys help form water policy and guide 
protection efforts. Researchers typically look at many indicators, 
specifically biological, chemical, physical and human health. 

Indicator = “represents the state or trend of certain 
environmental conditions over a given area and a specified 
period of time” --EPA 

The EPA National Rivers and Streams Assessment (NRSA) uses 
indicators to provide an overall evaluation of our nation’s streams 
and rivers. Four types of indicators: (1) Biological, (2) Chemical, 
(2) Physical and (4) Human Health 

Professor Commentary
Sticky Note
The EPA National Rivers and Streams Assessment (NRSA) uses indicators to provide an overall evaluation of our nation’s streams and rivers.  Four types of indicators include: (1) Biological, (2) Chemical, (2) Physical and (4) Human Health. 




  
 

      
     

   
      

     
  

    
     

       
  

   
   

  
 

U.S. EPA, National 
Rivers and Streams 
Assessment (NRSA) 
Sampling Sites 
The goals of the NRSA are to 
determine the extent to which rivers 
and streams support a healthy 
biological condition and the extent of 
major stressors that affect them. The 
survey supports a longer-term goal: to 
determine whether our rivers and 
streams are getting cleaner and how 
we might best invest in protecting and 
restoring them. 

National Rivers and Streams 
Assessment (NRSA) 

https://www.epa.gov/national-aquatic-resource-surveys/nrsa
Professor Commentary
Sticky Note
Under the U.S. Clean Water Act, the U.S. Environmental Protection Agency must periodically report on the condition of the nation's water resources by summarizing water quality information. The EPA’s National Rivers and Streams Assessment (NRSA) collects water quality data through a national probability-based survey of rivers and streams based on physical, chemical and biological data collected and analyzed using standardized field and laboratory methods. The goals of the NRSA are to determine the extent to which rivers and streams support a healthy biological condition and the extent of major stressors that affect them. The survey supports a longer-term goal: to determine whether our rivers and streams are getting cleaner and how we might best invest in protecting and restoring them. 




              Based on image from UN Environment (2018) A Framework for Freshwater Ecosystem Management. Volume 4: Scientific Background 

https://link.springer.com/article/10.1007/s42977-020-00031-7
Professor Commentary
Sticky Note
The United Nations Environment 'Framework for Freshwater Ecosystem Management’ series presents a holistic management framework to guide country-level action to sustainably manage freshwater ecosystems. It builds on the decision by the U.N. Environment Program (UNEP) Governing Council to develop water quality guidelines for ecosystems.




         
      
     

    
       

      
     

       
 

   
  

        
  

   What can YOU do to protect water? 

1. Be aware of what you are dumping down your drain. 
2. Practice water conservation in your home. 
3. Reduce your use of plastic and recycle. 
4. Clean up your pet waste. 
5. Clean up litter and properly dispose of outdoor 

waste. 
6. Check your vehicles for leaks and repair if needed. 
7. Minimize use of pesticides, herbicides and fertilizers. 
8. Reduce erosion in your yard with proper 

landscaping. 
9. Purchase and use environmentally friendly 

household cleaning agents. 
10. Research the companies that you support and be a 

well-informed consumer. 

Professor Commentary
Sticky Note
There are many simple things that we can do at home to help protect Earth’s water and ensure that we use this precious resource in a responsible and sustainable manner.   





