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Image by Soren Funk, Unsplash. 
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Professor Commentary
Sticky Note
The Persistent Pollutant lecture was created, written and taught by, Brian Lower, Steven Lower, Kylienne Shaul and Ella Weaver for the School of Environment and Natural Resources at The Ohio State University.  With support provided by the U.S. National Science Foundation.    



     
 

      
     

      
       

      

  Persistent Pollutants Objectives 

1. Identify natural and synthetic pollutants and describe their 
environmental impacts. 

2. Recognize factors that affect toxicity and describe how risk 
assessment helps determine safe exposure levels to 
pollutants. 

3. Define bioaccumulation and biomagnification and explain 
the transport and fate of pollutants in the environment. 

4. Describe the methods, instruments, and techniques that 
scientists use to study pollutants. 



 
  

  
 

Objective 1: Identify 
natural and synthetic 
pollutants and describe 
their environmental 
impacts 



Toxic Definition

    

  
 

    

    
  

    
  

     

Image by Annie Spratt, Unsplash. 

Pollutant = a natural or 
synthetic substance that 
adversely affects or causes 
damage to air, water, soil, 
and/or organisms 

Toxin = poisonous substance 
produced by an organism 
(e.g., bacteria, plant, fungi, or 
animal). Examples: snake 
venom, bee sting, poison ivy, 
poisonous mushroom. 

https://unsplash.com/photos/eF4zd09O4b8
Professor Commentary
Sticky Note
The concept of a pollutant or toxin is inherently broad.  Both adversely affect the environment or an organism in a manner that decreases quality, introduces harmful material, is poisonous, or causes disease.  Pollutants and toxins have different properties, impact organisms differently, and come from a variety of sources, including both natural and human-made origin.



Types of Toxins

    

 
   

   

    

 

        

 

Synthetic Toxin = poisonous 
substance made by humans, 
often persists in environment 
and does not degrade over time 
(e.g., dioxin, PCB, DDT) 

Natural Toxin = poisonous 
substance produced by 
a living organism, it often is 
not persistent (e.g., scorpion 
venom) 

Image by Arjun MJ, Unsplash. Image by Sina Katirachi, Unsplash. 

https://unsplash.com/photos/792-GkRUtes
https://unsplash.com/photos/VfdRlDDp_sk
Professor Commentary
Sticky Note
Synthetic toxins are those that are made by humans in a laboratory.  Synthetic toxins can be especially dangerous because they are typically very stable in the environment and do not readily degrade over time.  This means they can pose a threat for decades to centuries.  Natural toxins are toxic compounds that are produced by living organisms, often as a defensive mechanism against predators.  Examples include scorpion venom, bee stings, and poison ivy.  



 

    
       

     
     

   
   

 
  

 

   
   

Image by FOODISM360, Unsplash. 

Natural Toxins 

Natural toxins are synthesized by living 
organisms. While it is not harmful to the 
organism that produces the toxin, the 
substance is harmful or even deadly to 
other organisms (e.g., humans) when 
exposed to the toxin. 

Examples: 
• Shellfish (marine toxins) 
• Poisonous mushrooms 
• Mold (mycotoxins) 

Source: World Health Organization 

https://unsplash.com/photos/vV4DBM-dVas
https://www.who.int/news-room/fact-sheets/detail/natural-toxins-in-food
Professor Commentary
Sticky Note
Natural toxins are produced by many living organisms. They may act as a defense mechanism for the species. They are not harmful to the species that produces the toxin, but they are often harmful or even deadly to other organisms, including humans.  Several examples of organisms that produce toxins include shellfish, poisonous mushrooms, and molds.  



  
    

     
     

     
   

     

 
  
  

 

      Image by Girl with red hat, Unsplash. 

Synthetic Toxins 
Synthetic chemicals created by humans in 
a laboratory setting. The chemical 
substances may or may not also be found 
in nature. The substance is created for a 
particular purpose (e.g., kill mosquitoes) 
but have unintended consequences to 
other organisms (e.g., kill fish, birds, 
humans) 

Examples: 
• DDT (dichlorodiphenyltrichloroethane) 
• BPA (biphenyl A) 
• PCB (polychlorinated biphenyl) 
• Dioxin 

https://unsplash.com/photos/1aP5Jr2wyic
Professor Commentary
Sticky Note
Synthetic chemicals are created by humans in a laboratory.  Typically, these chemicals are synthesized to have a particular purpose.  For example, DDT was used as an insecticide to kill mosquitoes that spread malaria.  Unfortunately, it is very difficult, if not impossible, for humans to create a chemical that only targets/kills one type of organism (for example, only kill mosquitoes that transmit malaria).  Often the chemical has unintended consequences, like causing disease in humans.   And so, a toxin that kills mosquitoes will also likely be toxic to humans.  Therefore, it is important for humans to use synthetic chemicals responsibility and to dispose of them properly.  Sadly, history often tells us, that we fail to do these two things.      

Each chemical is different and poses different risks to society and the environment.  Three common misconceptions about human-made chemicals are that: 
1. Synthetic chemicals are more toxic than natural chemicals. 
2. Organically grown food is better for you because it’s all natural. 
3. Synthetic copies of natural chemicals are not good for you. 
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DDT (Dichlorodiphenyltrichloroethane) 

• First synthesized in a laboratory in 1874 
• Used widely in agriculture, cities and homes as 

an insecticide from 1940-1980 to kill pest insects 
(e.g., flies, mosquitoes, lice) 

• Used extensively during World War II to fight 
malaria (mosquitoes spread malaria) 

• Carcinogen, developmental toxicity, and 
reproductive toxicity 

• Many of the targeted pest species (e.g., 
mosquitoes) developed a resistance to DDT 

• Banned in the United States in 1972 

Source: CDC 

Use of DDT on 
U.S. soldiers during 
World War II to kill 
lice that spread 
typhus and 
mosquitoes that 
spread malaria 

https://www.cdc.gov/biomonitoring/DDT_FactSheet.html
Professor Commentary
Sticky Note
Our first example of a synthetic substance is DDT, dichloro-diphenyl-trichloro-ethane.  DDT was first synthesized in a laboratory in the late 1800s.  In the 1940s scientists discovered that DDT could be used to killed insects and it was widely used around the globe as an insecticide. The U.S. military used DDT during World War 2 to fight the spread of malaria and typhus. Here we see a photograph of a solider being sprayed with DDT.  At the time, we didn't know that DDT was also toxic to humans and so it was used all over the world.  After many years of use, the targeted pest insects developed resistance to DDT and its effectiveness to kill insects decreased.  In addition, studies began to demonstrate the toxicity of DDT to wildlife and humans.   It was discovered that DDT was a carcinogen and caused developmental and reproductive toxicity.  After three decades of use, DDT use was banned in the United States in 1972.   

DDT powder container: 50% Dichloro Diphenyl Trichloroethane (DDT) insecticide powder container, circa early 1960s. Image by Xanthis. Wikimedia Commons. Public Domain: https://en.wikipedia.org/wiki/DDT#/media/File:DDT_Powder.jpg 

“A U.S. soldier is demonstrating DDT-hand spraying equipment while applying the insecticide. The use of DDT increased enormously on a worldwide basis after World War II, because of its effectiveness against the mosquito that spreads malaria and lice that carry typhus. The World Health Organization claims that the use of DDT saved 25 million lives. During World War I typhus caused three million deaths in Russia and more in Poland and Romania. De-lousing stations were established for troops on the Western front but the disease ravaged the armies of the Eastern front, with over 150,000 dying in Serbia alone. Fatalities were generally between 10 to 40 percent of those infected, and the disease was a major cause of death for those nursing the sick. Between 1918 and 1922 typhus caused at least 3 million deaths out of 20–30 million cases. In Russia after World War I, during the civil war between the White and Red armies, typhus killed three million, largely civilians. Even larger epidemics in the post-war chaos of Europe were only averted by the widespread use of the newly discovered DDT to kill the lice on millions of refugees and displaced persons.” 
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Rachel Carson was a marine biologist and 
environmentalist who published her best-
selling book Silent Spring in 1962. 

This work highlighted the significant die-off of 
wildlife species following only two decades of 
extensive use of DDT and other herbicides 
and pesticides. 

Silent Spring shared the major environmental 
concerns surrounding synthetic pesticides with 
the American public and inspired national 
change in policy that eventually banned DDT 
in 1972. Her book also had a powerful impact 
on the environmental movement in the USA. 

Professor Commentary
Sticky Note
Rachel Carson was vital to the ban of DDT in the United States. She was a marine biologist and environmentalist who published a best-selling book in 1962 titled Silent Spring.  The book described significant die offs of wildlife species, especially bird species, following two decades of DDT use in the United States.  DDT causes the thinning of eggshells.  Thus, bird eggs would break before the baby bird was fully developed and ready to hatch, and this results in dead baby birds.  Hence the title of her book "Silent Spring" alluding to the lack of birds singing in the springtime.  Rachel Carson's book made the public aware of the environmental concerns of using synthetic pesticides and the impact that they can have on wildlife and human health. Rachel Carson’s studies inspired national change and was influential in the United State's ban of DDT in 1972.  She argued for the responsible use of synthetic substances and more scientific studies to examine their unintended risks to wildlife and human health.   Rachel Carson’s book outlined 3 specific concerns that she had with the use of synthetic substances: 
	1.	Some chemicals have large effects in very small doses  
	2.	Certain stages of human development are especially vulnerable to synthetic substances   
	3.	Mixtures of different chemicals can have unexpected impacts  




BPA

  

    

     
      

        
     

     
 

     
    

     
     

    
    

  

Image by Bicanski, CC0. 

Image by Tomia, Wikimedia Commons, CC BY 2.5. 

BPA (Bisphenol A) 

• First synthesized in a laboratory in 1891 
• Began to be widely in the 1940s and 1950s 

to coat the inside of metal food cans and in 
the production of plastic containers, including 
baby bottles, water bottles, toys, car parts, 
hospital equipment 

• Studies in 1990s began to show an 
association between BPA and serious 
medical conditions, countries began to ban 
the chemical in 2000s, large retailers 
discontinued use of BPA products 

• Plastic industry challenged the science and 
claimed BPA was safe 

https://pixnio.com/media/bottle-diaper-milk-merchandise-health
https://en.wikipedia.org/wiki/Bisphenol_A
https://creativecommons.org/licenses/by/2.5/
Professor Commentary
Sticky Note
Another synthetic substance that was made in a laboratory was BPA, Bisphenol A.  BPA was first synthesized in the late 1800s and began to be widely used in the 1940s. You most likely recognize BPA from its use in the production of plastic bottles, including baby bottles.  It was also used widely to line metal food cans to make sure the food tasted good, rather than tasting like a metal can. In addition, BPA was used to make everything from plastic toys to car parts.  It was later discovered that BPA unintentionally leached from plastic, for example, BPA leached from plastic bottles into milk and was consumed by babies.  In the 1990s and 2000s, studies began to show an association between BPA and serious medical conditions. Eventually, counties began to ban BPA plastics and large retailers no longer sold products containing bisphenol A. The plastic industry challenged these new studies and claimed BPA was safe.  But by then, the public didn't want to hear it and demanded BPA-free plastics.   The symbol shown here, resin code 7, is one you that you may see on a plastic product, like this bottle.  It indicates that this is a type 7 plastic product. Some type 7 plastics may contain bisphenol A and should be avoided.  



BPA Plastics

    

 
  

      
      
     

    
     

    
     

      
   

 

 

Is Your Plastic Safe? 

• Plastic products are labeled with a number 
surrounded by recycling symbol. 

• Plastic items with the numbers 1, 2, 4, 5 
are considered the safest plastics for use 
with foods, infants, and children. These 
plastics have no known health issues. 

• Plastic items with numbers 3, 6, 7 should 
be avoided. These plastics contain BPA, 
studies have shown them to be toxic to 
humans, they are known to leach from 
the plastic into beverage or food. 

Image by State of New Jersey. 

Professor Commentary
Sticky Note
What types of plastic are safe?  Some may argue that products made from natural compounds, for example, glass, ceramic (which is made from clay), porcelain (which is also clay), aluminum cans are safer to use with foods and beverages compared to plastic because they don't leach into food or beverages.  However, some plastics have been shown to be safe when used for foods and drinks.  Those plastic products that have a recycle symbols with numbers 1, 2, 4, 5 are considered the safest plastics to use with foods, infants and children.  Plastic products with numbers 3, 6, and 7 should be avoided because they can leach toxins into foods and drinks.  In addition, many organizations recommend not using plastic to microwave your food because the heat can cause leaching.     



BPA continued

           
           

          

             
        

        
        

     

 

  
    

     

BPA (Bisphenol A) 

According to the EPA, releases of BPA into the environment exceed 1-million pounds 
per year. The chemical may enter the environment directly or indirectly from the leaching 
of BPA from plastic bottles and food containers, car parts, toys, appliances, etc. 

Many studies have been conducted on the impact of BPA on wildlife and humans. Fish 
and aquatic species have been shown to be especially sensitive. BPA acts as an 
endocrine disruptor and can negatively impact growth, reproduction and 
development. BPA interferes with the production, processing, and transmission of 
hormones in humans, frogs, fish, and other wildlife. 

Endocrine disruptors cause decreased fertility, 
developmental malformations, altered nervous system 
and immune system function, certain cancers. 

Professor Commentary
Sticky Note
BPA was invented and synthesized by humans in the 1940s to have a specific purpose, which was to make plastic products which would make our lives better.  Unfortunately, it also has the unintended consequence of being toxic to wildlife and humans.  It took us several decades of BPA use to realize that plastic made from bisphenol A was toxic because it acted as an endocrine disruptor in wildlife and humans, which means it mimics and interferes with an organism's natural hormone system.  Once inside the human body, BPA can bind to estrogen receptors on cells and even cross the cell membrane where it has been shown to change gene expression.  Endocrine disruptors cause decreased fertility, developmental malformations, altered nervous system and immune system function, and cause certain cancers. 

According to the Environmental Protection Agency, in the United States the unintended release of bisphenol A to the environment exceed 1-million pounds each year.  BPA may enter the environment directly or indirectly from leaching of plastics, including plastic toys, containers, car parts, CDs, computers, appliances, and sports equipment.  Scientists at the U.S. Center for Disease Control and Prevention (CDC) have conducted extensive studies to measure the concentration of BPA in children, women and men living in the United States .  They did this by looking for BPA in human urine. The studies found BPA in nearly all of the people that they tested, around 90%, indicating widespread BPA exposure for people living in the United States.  
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PCB (Polychlorinated Biphenyl) 

• First synthesized in a laboratory in 1881 
• Used by electrical industry, airline industry as 

coolant and hydraulic fluid, electrical industry, 
plastics industry, flame retardant 

• Used widely in the 1930s-1970s with the 
manufacturing peaking in the 1960s 

• Many of PCBS were manufactured by Boeing 
and General Electric (GE) 

• Carcinogen, developmental toxin, reproductive 
toxin, neurotoxin, endocrine disruptor 

Both images by Sturmovik, Wikimedia Commons, CC BY SA 3.0. 

Powerline 
transformer 

• Banned in USA in 1979 

Image by D.328, Wikimedia Commons. CC BY-SA 3.0. 

https://en.wikipedia.org/wiki/Polychlorinated_biphenyl
https://creativecommons.org/licenses/by-sa/3.0/
https://en.wikipedia.org/wiki/Polychlorinated_biphenyl
https://creativecommons.org/licenses/by-sa/3.0/
Professor Commentary
Sticky Note
Another human-made chemical is PCB, which is short for polychlorinated biphenyl. PCBs were first synthesized in a laboratory in the late 1800s. PCBs were used in the electrical industry in transformers and capacitors, the airline industry as oil for hydraulic systems and motors, it was used in adhesives, tapes, plastics and more. PCBs had many uses in industry and consumer products and was widely used from the 1930s through the 1970s, until production of PCB was banned in the United States in 1979.  Although no longer commercially produced in the United States, PCBs may be present in products and materials produced before the 1979 PCB ban.  PCB was banned because it was shown to cause a variety of adverse health effects including cancer, and diseases of the neurological, immune, reproductive, and endocrine systems.  



   

      
   

      
     

    
     

   
   

         

  

Orca 

Image by Thomas Lipke, Unsplash. 

PCB (Polychlorinated Biphenyl) 

PCBs are still being released into the 
environment from hazardous waste sites 
(e.g., Superfund sites) and the improper 
disposal of wastes. Because PCBs do not 
readily break down, they can remain in 
Earth's atmosphere, water and soil for 
decades. 

Puget Sound (Seattle), an inlet in the 
Pacific Northwest, has experienced the 
effects of PCBs contamination in its waters 
and the wildlife (e.g., fish, orca) that live in 
Puget Sound. 

Map by User:Pfly, Wikimedia Commons. CC BY-SA 3.0. 

https://commons.wikimedia.org/wiki/File:Map_pugetsound.png
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://unsplash.com/photos/p5nDU-d3Y0s
Professor Commentary
Sticky Note
PCBs are a serious problem for marine species found in waters of the Pacific Northwest. Puget sound is an inlet in the Pacific Ocean and part of what makes Seattle so beautiful. Unfortunately, this beauty hides a deadly secret that has plagued its waters and wildlife for decades.  One of the most iconic creatures of this area are the orca whales, or killer whales.  Work over the past 30-plus years has shown that orcas suffer disease and death from constant exposure to PCB that pollutes the waters of Puget Sound.  Even though PCB was banned in 1979, the toxin is still leaking from land-based toxic waste and industrial sites, flowing down the Duwamish River and into Puget Sound.  The PCB has contaminated the sound's entire ecosystem from plankton, to fish, to mighty orcas.  PCB pollution in Puget Sound is a serious threat to wiping out the entire local orca population this century.  Efforts are currently underway to remove and properly dispose of the PCB from toxic sites all along the Duwamish River.  Puget sound has shown high levels of PCBs in its wildlife such as the orca, salmon, and many other fish species that are vital to the ecosystem.  
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English Sole is a indicator fish species that
lives in Puget Sound 

Image by Stan Shebs, Wikimedia Commons. CC BY SA 3.0. 

Fish were caught 
from 10 different 
sites in Puget 
Sound 

For 20 years 
the concentration of 
PCB in fish tissue was 
measured to 
determine if 
PCB levels were 
changing. Scientists 
found PCB levels 
remained the same 
for 20 years. Image by Sjc196, Wikimedia Commons. CC BY-SA 3.0. 

https://en.wikipedia.org/wiki/English_sole
https://creativecommons.org/licenses/by-sa/3.0/
https://en.wikipedia.org/wiki/English_sole
https://creativecommons.org/licenses/by-sa/3.0/
Professor Commentary
Sticky Note
PCB doesn't just impact those organisms, like orcas, at the top of the food chain.  PCB can impact the health of smaller organisms like the English Sole shown here.  Scientists have been studying these fish for over 20 years to determine where the PCB is located in Puget Sound and whether the amount of PCB is decreasing over time.  They've sampled fish from many different sites in Puget Sound and found that PCB levels have remained constant over the past 20 years.  This indicates that PCB is still entering the sound from land-based sources, like toxic waste sites, and more must be done to clean up these sites and protect the marine ecosystem found in Puget Sound.    



     
        

          
        

           
        

     

   

   

What are forever chemicals? 
Per- and poly-fluoroalkyl substances (PFAS) are known by scientists as "forever 
chemicals" because their chemical structure is very stable, which prevents them 
from breaking down in the environment. PFAS is a class of thousands of chemicals 
that are found in many everyday products (e.g., stain resistant carpet, nonstick 
pans, firefighting foam). Unfortunately, PFAS has shown up in drinking water in the 
United States and has been linked to diseases like cancer, liver damage, 
decreased fertility, asthma, and thyroid disease 

Interactive Map: PFAS Contamination 
in the United States 

Image by Edgar181, Public Domain, Wikimedia Commons. CC BY-SA 3.0. 

https://www.ewg.org/interactive-maps/pfas_contamination/map/
https://www.ewg.org/interactive-maps/pfas_contamination/map/
https://en.wikipedia.org/wiki/Polychlorinated_biphenyl
https://creativecommons.org/licenses/by-sa/3.0/
Professor Commentary
Sticky Note
Another example of synthetic chemicals manufactured by people, are called per- and poly-fluoroalkyl substances or PFAS for short.  PFAS molecules are long chains of carbon atoms and fluorine atoms. The carbon-fluorine bond is one of the strongest bonds found in nature, and because it is so strong these chemicals do not degrade easily in the environment.  Hence PFAS is often called forever chemicals.  PFAS molecules have been used in many everyday products. For example, they are used to keep food from sticking to packaging or cookware (for example nonstick pans), PFAS compounds make clothes and carpets resistant to stains, and these molecules are used to create firefighting foam. Forever chemicals are used in aerospace industry, automotive manufacturing, construction, and electronics.  Unfortunately, PFAS exposure has been linked to testicular cancer, kidney cancer, liver disease, decreased infant birth weights, birth defects and damage to the immune system.  The 2019 film, Dark Waters is based on a real-life story about the hazardous dumping of forever chemicals in West Virginia that leached into freshwater supplies and contaminated a community.  After 20-plus years of legal battles, DuPont finally settled the case, paying out a total of over $750-million.  PFAS molecules can be transported by wind and water and greatly impact the health of humans and wildlife. 
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Objective 2: Recognize 
factors that affect toxicity 
and describe how risk 
assessment helps 
determine safe exposure 
levels to pollutants 



Toxicity

  

    
     
     

  
        

  

      
 

Image by Markus Spiske, Unsplash. 

Toxicity = degree to which a 
substance can cause 
harmful effects 

There are many factors that can 
determine the toxicity of a chemical 
substance. A toxin may cause visible 
damage (e.g., paralysis, tissue damage), 
or a test may be used by a scientist to 
measure the toxin's effect. 

• Acute toxicity 
• Chronic toxicity 

https://unsplash.com/photos/FNpB8j7c3Ag
Professor Commentary
Sticky Note
Toxicity is the degree to which a substance can cause harmful effects. There are many factors that can determine the toxicity of a chemical substance, which we will review in the next slides.  A toxic effect can appear in difference ways, it's effect may not be obvious at first, for example with lead poisoning, and tests may need to be conducted to measure a toxin's effect.  Acute toxicity is obvious and immediately visible as it causes immediate harm to an organism through a single or short-term exposure.  For example, breathing in smog, which results in an asthma attack.  Conversely, chronic toxicity occurs over an extended period of time, usually upon repeated or continuous exposure, sometimes lasting for the entire life of the organism.  For example, cancer caused by chronic 20-year exposure to PBC at work.   



Persistence

          
             

 

           
      

       
     

         

         Persistence = length of time a pollutant remains in the 
environment 
Low persistence = pollutant breaks down quickly in the environment, for example 
due to exposure to sunlight or because it is metabolized and degraded by a plant 
or microorganism 

High persistence = pollutant is stable and takes a long time to break down, 
pollutant has potential to negatively impact organisms long after initial release 

• Many synthetic compounds cannot be broken down because they are new 
compounds and naturally occurring environmental microorganisms (or plants) 
have not had enough time to evolve mechanisms to degrade the compounds 

Professor Commentary
Sticky Note
Persistence is the length of time a pollutant remains in the environment.  A substance with low persistence will break down quickly, perhaps due to exposure to sunlight or microbial activity that breaks the substance down.  As a result, toxins with low persistence can pose less of a risk to the environment and public health.   A substance with high persistence takes a long time to break down in the environment or within an organism.  These are typically molecules that are very stable, like forever chemicals. Toxins with high persistence pose a significant risk to the environment and organisms long after its initial release. Many synthetic substances, like PCB, DDT and PFAS, are persistent pollutants.  We created these synthetic compounds to be stable so that they can serve their intended purpose.  However, this stability also makes it difficult for natural processes like microbial activity to degrade the synthetic compounds.  Thus they persist in the soil, water and air for decades to centuries causing adverse effects long into the future.



Solubility

  

  
     

    
   
    

  
  
    

 

   
  

     
   

    

  
   

  

         Solubility = ability of a chemical substance to dissolve in 
water 

Water soluble substance 

• Readily dissolve in water 
• Can be safer for humans because 

filtered and passed in urine 
• Animals can excrete in urine 
• Still potential toxic at high doses or 

continual low dose 
• High impact on aquatic organisms 
• Easy uptake in animals and excreted 

in sewer 

Fat soluble substance 

• Does not dissolve in water 
• Dissolves in lipids and fats 
• Can cross cell membrane and cause 

disease from inside the cell 
• Very hard to eliminate from 

organism's body 
• Some break down in liver 
• Stored and accumulates in fatty 

tissue of animals 

Professor Commentary
Sticky Note
Solubility is the ability of a chemical substance to dissolve in a solvent like water.  Water is pervasive on Earth, it is in the environment and water is inside all lifeforms on Earth.  Thus water dissolves and transports substances and molecules all over the planet.  Some of the substances that water dissolves and transports are completely innocuous like a particle of soil.  Other times water can dissolve and transport toxic substances like PCB.  Some substances, like sugar, readily dissolve in water.  Other substances, like olive oil, don't dissolve in water.  For example, when you add olive oil to a pot of boiling water, the oil doesn't dissolve in the water but rather the oil floats to the top of the water and it clumps together.  Such compounds are made up of fats and lipids and we call them fat soluble substances because they dissolve in fats and lipids but they don't dissolve in water.    

Fat soluble substances are stored in the fatty tissue of animals, which is why eating too much fatty foods leads to obesity.  Fat soluble substances are very difficult to eliminate from an organism's body and often build up inside the fatty tissue of an organism over time.  Thus, fat soluble pollutants can pose a greater health risk to humans because they build up over time and are stored in fatty tissue.  PCB is an example of a fat-soluble substance that poses a significant risk to human health partially because it accumulates in our fatty tissue resulting in chronic diseases.     

Water soluble substances that are toxic pose a significant risk to aquatic organisms like fish, crabs, and frogs because when the water-soluble toxin enter a body of water, it readily dissolves and spreads very quickly.  In humans, water soluble substances readily dissolved in our blood where it is filtered by our kidneys and passed out of our body in urine.  For example, our liver converts bisphenol A (BPA) to a water-soluble compound, which is filtered by our kidneys and passes out of our bodies in urine.  The problem with water soluble toxins, like BPA, is that we can constantly re-expose ourselves to BPA in our diets through the use of plastic containers for our foods and drinks that contain bisphenol A. So that even though our body eliminates BPA, we work against ourselves by reintroducing BPA in our diets so that our body is constantly trying to eliminate the toxin.     




 

 

      
    

 
  

  
    

 

    
     

   
  

 
   

  
  

Endocrine Disruptors = chemicals 
that mimic a hormone or prevent a 
hormone from having an effect (e.g., 
BPA, PCB, PFAS) 
Exposure to chemicals that interfere with the 
endocrine system can lead to: 
• developmental malformations, 
• interference with reproduction, 
• increased cancer risk; and 
• disturbances in the immune and nervous 

system function 
Source: EPA Note how estrogen 

endocrine disruptor 
looks like natural 
estrogen 

natural 
estrogen 

Image from EPA 

estrogen endocrine 
disruptor 

https://www.epa.gov/endocrine-disruption/what-endocrine-system
https://www.epa.gov/endocrine-disruption/what-endocrine-system
Professor Commentary
Sticky Note
Your body's endocrine system makes hormones, which are natural chemical messengers that function to maintain health and regulate growth, development and reproduction.  Hormones either enter a cell directly (for example, a natural steroid hormone like estrogen) or a hormone will bind to a receptor on the cell surface.  The end result is that the hormone causes a change in cellular activity by turning on or turning off particular genes.  Endocrine disruptors are toxic substances that look and behave similar to hormones when found inside an organism like a human.  As a result, endocrine disruptions can turn on or turn off genes that shouldn't be on or off, thus resulting in the formation of cancerous tumors, birth defects, and other developmental disorders.  Some examples of endocrine disruptors in humans include bisphenol A, dioxins, PCB, and PFAS (forever chemicals).



Endocrine Disruptor Examples

 

 

  

    
      

     
   
     

   

 

 

     
    

  

  

Endocrine Disruptors 
Endocrine disruptors (hormone mimics) have 
been shown to impact ecosystems and the 
wildlife within them. Scientists are researching 
the abnormalities and reproductive diseases 
that these chemicals cause in some species 
including fish, amphibians and humans. 

Examples of endocrine disruptors include: 
• BPA 
• Dioxins 
• PFAS 
• PCB 
• Triclosan 
• Phthalates 

Image from USGS. 
Biopsy of dead fish to examine 
organs (e.g., liver, testes) for 
diseases caused by endocrine 
disruptors 

Toxins can have additive effect 
(A+B=2), antagonistic effect (A+B<2), 
or synergistic effect (A+B>>2) 

Image from NIH. 

https://www.niehs.nih.gov/health/topics/agents/endocrine/index.cfm
https://toxics.usgs.gov/highlights/fish_endocrine_disruption.html
Professor Commentary
Sticky Note
Endocrine disruptors have been shown to impact the health of ecosystems and wildlife.  Scientists are researching diseases, like reproductive disorders, caused by endocrine disruptors in fish, toads and frogs.  Endocrine disruptors can be toxic at extremely tiny concentrations such as parts per million or parts per billion.  A toxin's effect can be impacted by other chemicals that are also found in the environment.  Toxic effects can be additive, antagonistic or synergistic.  Additive effects happen when two or more chemicals interact with one another inside an organism and results in a toxicity that is the sum of both toxins, for example, 1+1=2.  An antagonistic effect occurs when two chemicals interact with one another within an organism resulting in a new effect that is less than the sum of both chemicals together.  And a synergistic effect happens when two or more chemicals work together to increase the potency of the toxins, beyond what is expected for each toxin by itself.  



     

   
 

    
      

       
   
   

 
   

     
 

Image from National Cancer Institute, Unsplash. 

Exposure = when contact with a 
chemical occurs directly or 
indirectly 
Most common exposure pathways 
are inhalation, ingestion, and skin 
absorption. The exposure pathway can 
determine the toxin's effect and extent of harm. 

The frequency of exposure and length of 
time exposure occurs also control 
toxicity. Acute (short-term) exposure may 
cause little harm. Whereas chronic (long-term) 
exposure may cause significant harm. 

https://unsplash.com/photos/MOj06jBit0s
Professor Commentary
Sticky Note
Exposure takes place when contact with a chemical occurs either directly or indirectly.  An example of direct exposure would be when a person inhales a toxin while working inside a factory.  Indirect exposure would be when a person who lives 10-miles downwind of the factory breaths the air at their house, which was polluted by the factory 10-miles away.   There are multiple pathways that someone may be exposed to these substances. The three most common pathways are inhalation, you breathe something in, ingestion, you eat or drink something, or absorption by direct skin contact.  The exposure pathway can determine the health effect and the extent of harm that the toxin causes.  The frequency of exposure (for example, every day versus every year) and length of time exposure occurs (for example, 1 minute of exposure versus 1 day of exposure) also determines toxicity.  Acute (short-term) exposure may cause little harm, whereas chronic (long-term) exposure over many years may result in significant harm to an individual. 



Individual Factors

     

     

        

      

 

Individual Factors 

Toxicity is also controlled by a person's individual variables such as: 

• Genetics 
• Age 
• General health status (e.g., nutrition, heart health) 

Toxins are often more harmful to very young or very old people. 

Genetic factors can play a role in a person's vulnerability to a toxin. 

Professor Commentary
Sticky Note
Individual factors also impact the toxicity of a chemical compound.  Toxicity is impacted by individual variables such as someone's genetics, age, and general health status.  Some toxins are more problematic for the very young, the old or those who have underlying health conditions.  Genetic factors may make a person more or less vulnerable to the toxin.  For example, some people may be more susceptible to certain cancers.   



Risk Assessment

         
     

       

        
         

      

      
  

Chemical Risk Assessment = the process of weighing 
costs versus benefits associated with any chemical 
It is impossible to fully understand and assess all potential interactions among the 
many chemicals to which we are exposed to daily. 

Reality includes practicality, economic forces, and the basic need for the 
chemical. 

Toxicologists are scientists who use biology and chemistry to determine if 
a substance is harmful to humans, wildlife, or the environment; they also 
determine dose at which a substance becomes harmful 

Professor Commentary
Sticky Note
Risk assessment is the process of weighing the costs and benefits associated with any chemical.  For example, scientists synthesize a new chemical that kills mosquitoes and prevents the spread of deadly malaria thus saving many lives.  However, the chemical is also toxic to pollinators like butterflies and bees.  The chemical is good for public health but bad for agriculture and ecosystem health.  Before we use the chemical we should consider the triple bottom line: the social, environmental, and economic consequences of using the chemical.  In reality, it is impossible to fully understand and assess ALL potential interactions among the many chemicals that we are exposed to daily.  

A toxicologist is a scientist who has a strong understanding of biology and chemistry, and works with chemicals to determine if they are toxic or harmful to humans, wildlife or the environment.  A toxicologist working in the pharmaceutical industry, might work to make sure that a new drug for diabetes is safe for humans.  A toxicologist working in the environment, might work to make sure a new chemical used to kill weeds is safe for wildlife.  The toxicologist will also want to determine the concentration (or dose) at which a substance become toxic and examine the various exposure routes with which humans or wildlife might be exposed to a chemical.  These data help inform us about the risk associated with a substance so that we can weigh the costs and benefits
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U.S. Environmental Protection Agency (EPA) 

The EPA “regulates the production and 
distribution of commercial and industrial 
chemicals, in order to ensure that chemicals 
for sale and use in the U.S. do not harm 
human health or the environment.” New 
chemicals must go through a review process 
before they are approved for use. 

The 1976 Toxic Substances Control Act 
(TSCA) helps the EPA to regulate the 
production, use, and disposal of chemicals in 
the United States. 

Pre-manufacture 
Notice (PMN) for 
new chemical 

• Intended use 
• Disposal practice 
• Environmental 

release 
• Human exposure 

Image from EPA 

https://19january2021snapshot.epa.gov/reviewing-new-chemicals-under-toxic-substances-control-act-tsca/epas-review-process-new-chemicals_.html
Professor Commentary
Sticky Note
The Toxic Substances Control Act (TSCA) was passed by U.S. Congress in 1976 and gives the U.S. Environmental Protection Agency the authority to regulate, use, and dispose of chemicals.  Anyone who intends to manufacture or import a new chemical substance for commercial purpose is required to submit a pre-manufacture notice (PMN) to the EPA at least 90 days prior to the manufacture of the chemical.  This notice must contain information about the chemical such as production volume, intended use, disposal practices, human exposure, environmental release.  The EPA will assess the risks and consider all of this information during new chemicals review process to ensure the chemical does not present an unreasonable risk to human health or the environment.  



FDA

 

 

   
   

   
   

   
 

   
   
    

  
  

     U.S. Food and Drug Administration (FDA) 

"The FDA is responsible 
for protecting the public 
health by ensuring the 
safety, efficacy, and 
security of human and 
veterinary drugs, 
biological products, and 
medical devices; and by 
ensuring the safety of our 
nation's food supply, 
cosmetics, and products 
that emit radiation." 
Source: FDA 

Image from FDA 

https://www.fda.gov/industry/import-basics/regulated-products
https://www.fda.gov/about-fda/what-we-do
Professor Commentary
Sticky Note
The U.S. Food and Drug Administration (FDA) is another important federal agency that is charged with protecting public health. The FDA is responsible for protecting the public health by ensuring the safety, efficacy, and security of human and veterinary drugs, biological products and medical devices, and by ensuring the safety of our nation’s food supply, cosmetics and products that emit radiation.”  This pie chart shows the products that the FDA regulated in 2020.  You are likely familiar with the FDA's responsibility of approving all vaccinations used in the United States, including all Covid vaccinations and flu vaccinations.   
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Objective 3: Define 
bioaccumulation and 
biomagnification and 
explain the transport and 
fate of pollutants in the 
environment 



Bioaccumulation

   
    

    

      
    

  
     

  
 

 
 

 

   
   

Bioaccumulation = 
accumulation of substance 
in an organism over time 
This occurs when an organism 
absorbs and stores more of a 
substance than it can eliminate. 

Organism exposed to substance in air, 
soil and water and dietary intake. 

Bioaccumulation of toxic substances 
can be extremely harmful and even 
deadly. 

A pollutant's (shown in blue)
concentration increases over time 
as an organism (fish) grows and
absorbs pollutant from its food and 
the environment. 

When a pollutant is fat soluble 
(e.g., DDT, PCB) it becomes stored 
in the organism's fatty tissue, 
thus building up over time until it 
is toxic to the organism. 

Professor Commentary
Sticky Note
Bioaccumulation is the buildup of a substance (for example, PCB or mercury) in an organism over time.   The substance is introduced into the organism through exposure to its abiotic environment (soil, water, air) and through its dietary intake.  If the organism absorbs and stores more of a substance than it can eliminate through its urine and feces, the compound will accumulate within the organism's tissue.   If the substance is toxic, this bioaccumulation will lead to disease or even death.  This is particularly true for fat soluble compounds like PCB, that become stored in an organism's fatty tissue.   



Hydrophobic Pollutants

      
       

     
       

   
   

         
 

Hydrophobic (fear of water) pollutants like DDT and PCB are fat soluble and 
therefore bioaccumulate in fatty tissue. They are difficult to get rid of, they 
build up over time (become more concentrated), and they can eventually
cause disease 

DDT 
BPA 

PCB *BPA is fat soluble, but the liver can 
convert it to a water-soluble form, which 
is excreted in urine. Studies have shown 
up to 90% of people have BPA in their 
urine likely due to continuous exposure. 

Image by D.328, Wikimedia Commons. CC BY-SA 3.0. 

https://en.wikipedia.org/wiki/Polychlorinated_biphenyl
https://creativecommons.org/licenses/by-sa/3.0/
Professor Commentary
Sticky Note
Hydrophobic means fear of water.  Substances that are hydrophobic, like fats, lipids, and oils, are not soluble in water.  Meaning they don't dissolve in water.  These compounds are called fat soluble because they are soluble in or will dissolve in fats.  DDT and PCB are fat soluble and when ingested, these toxins bioaccumulate in the fatty tissue of animals, including humans.  Like DDT and PCB, Bisphenyl A also has poor solubility in water.  However, when BPA is ingested, our bodies quickly convert it to a water soluble form, which then allows BPA to be removed from our bodies in the urine.  PCB and DDT are not excreted in the urine and thus pose a greater risk of bioaccumulation.  This doesn't mean that BPA is harmless, particularly if we ingest food and beverages that have been packaged in BPA-plastics.  Doing so, reintroduces BPA to our bodies with each bite or each drink that we take.     



Biomagnification
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Biomagnification = the process 
by which chemical substances 
found in the environment move 
up the food web at increasing 
concentrations in organisms 
Substance accumulates in tissue of organisms 
at the bottom of food chain. Substance's 
concentration increases progressively as it 
moves up a food chain. Organisms at higher 
trophic levels are especially vulnerable 
because toxins have increased in 
concentration reaching toxic levels. 

Predator at top of the 
food chain will have 
highest concentration 
of toxin (e.g., DDT) 

Image by Dario Sanches, Wikimedia Commons. CC BY SA 2.0. 

https://commons.wikimedia.org/wiki/File:Buteo_magnirostris.jpg
https://creativecommons.org/licenses/by-sa/2.0/
Professor Commentary
Sticky Note
Biomagnification is the process by which the concentration of a chemical substance increases as it move up the food chain as one organism consumes another.  For instance, a dolphin consuming a fish.  Biomagnification is different from bioaccumulation in that biomagnification occurs between tropic levels of a food chain (plankton to fish to dolphin); whereas bioaccumulation occurs within the same tropic level (for example, fish). Organisms at the top of a food chain are especially vulnerable to biomagnification. 



Biomagnification Graphic

Image by Sballesteros15, Wikimedia Commons. CC BY-SA 3.0. 

Biomagnification of 

Toxic substance builds up 
in the tissue of organisms 
moving up the food chain. 
Grass grows in 
contaminated soil; grass 
is consumed by mouse; 
mouse consumed by 
snake; snake consumed 
by hawk. 

Toxic 
substance 

 

   

 

  
    

     
 

  
  

  
   

 

 

 

https://en.wikipedia.org/wiki/Polychlorinated_biphenyl
https://creativecommons.org/licenses/by-sa/3.0/
Professor Commentary
Sticky Note
This diagram shows the process of biomagnification in a simple food chain where grass is eaten by a mouse, mouse is eaten by a snake, snake is eaten by a hawk.  Here, we have a toxic substance found in the soil at the bottom of the food chain.  Grass grows in contaminated soil, absorbs the toxin in its roots and the concentration of toxin within the grass becomes 5 parts per million.  As a mouse consumes the grass it stores this energy in its biomass and as a result the concentration of toxin increases from 5 to 11 parts per million. With each step the toxin becomes more and more concentrated until it reaches the top of the food chain where its concentration within the hawk reaches 35 parts per million.  Humans, orcas, lions, polar bears, hawks, we all sit at the top of our food chains.  And therefore, biomagnification is a real problem for all of us.     
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MeHg 

MeHg MeHg MeHg 

MeHg 
MeHg 

MeHg 

Methylmercury = MeHg 

MeHg MeHg MeHg 
MeHg 

Image by MacKenzieEJewell, Wikimedia Commons. CC BY SA 4.0. 

https://commons.wikimedia.org/wiki/File:ArcticBiomagnification.png
https://creativecommons.org/licenses/by-sa/4.0/deed.en
Professor Commentary
Sticky Note
Here we see a diagram of how biomagnification of mercury (element symbol Hg) can impact an entire food web.  Burning coal to generate electricity, releases mercury into the atmosphere where it is deposited into rivers, lakes and oceans by rain and snow.  Coal combustion is a major source of mercury in the environment.  Mercury is very dangerous to animals because it is a potent neurotoxin.  Mercury exists in the environment in various forms, and people and wildlife are exposed to each type in different ways. The most common way we are exposed to mercury is by eating organisms that contain methylmercury (MeHg).  For example shrimp and fish.  Here we see how all arctic organisms are connected and how mercury can spread throughout an arctic ecosystem.  Starting with zooplankton at the bottom of the food web the methylmercury is concentrated with each step until it reaches polar bears, eagles, and humans at the top of the food web.   



   How are pollutants transported? 

Professor Commentary
Sticky Note
How are pollutants transported through the environment?  How do we come in contact with toxic substances?  Pollutants are rarely stationary, they are almost always in motion due to natural processes and human activities.  Pollutants travel by air, water and gravity.  Pollutants travel through the soil, water, and air.  Pollutants travel through ecosystems and within living organisms such as microbes, plants and animals.  Pollutants touch every part of our planet and so we are exposed to them in the air we breath, water we drink, materials we touch, and food we consume.  In addition, pregnant or nursing moms who were exposed to pollutants, such as methylmercury, can pass the toxins to their babies.  



 Image from EPA. 

https://www.epa.gov/fera/multimedia-fate-and-transport-modeling-overview
Professor Commentary
Sticky Note
This diagram shows the different pathways that atmospheric pollutants can travel from an anthropogenic source to contaminate soil, water, and air. 



Exposure Points

 

 

Image from EPA. 

https://www.epa.gov/emergency-response-research/contaminant-fate-transport-and-exposure
Professor Commentary
Sticky Note
Here we see how humans can be exposed to pollutants in our everyday lives, through the things we touch and come in contact with, the water we drink, and the air we breath. 



  
   

   
  

    
     

   
  

   
  
 

 Hazardous Waste 
Hazardous waste is waste 
"with a chemical 
composition or other 
property that makes it 
capable of causing illness, 
death, or some other harm 
to humans, plants, animals 
and ecosystems when 
mismanaged or released 
into the environment." 
Source: EPA 

https://cfpub.epa.gov/roe/indicator.cfm?i=54
Professor Commentary
Sticky Note
The U.S. Environmental Protection Agency (EPA) defines hazardous waste as waste with a chemical composition or other property that makes it capable of causing illness, death or some other harm to humans, plants, animals and ecosystems when mismanaged or released into the environment.  This graph shows hazardous waster generated in the United States from 2001 to 2017 and the practice used to manage the waste.  Looking at the most recent data from 2017, you can see that the United States generates almost 30-million tons of hazardous waste per year.  RCRA stands for Resource Conservation and Recovery Act, which is the public law that creates the framework for the proper management of hazardous and non-hazardous solid waste in the United States.   The law is mandated by Congress and gives the U.S. EPA authority to oversee and enforce the program.  



Superfund Sites

   

    
   

   
      
        

 

    
 

  
   

 
   

 

Superfund Site = a location 
in the United States that is 
severely contaminated with 
hazardous waste and 
requires extensive and
long-term clean up 
Superfund sites require remediation of 
contaminated soils, surface 
water, and groundwater. Sites pose a serious 
health risk to ecosystems and humans. As of 
2022, there were more than 1,300 sites on the 
National Priorities List. 

Search for Superfund Sites 

https://www.epa.gov/superfund/search-superfund-sites-where-you-live
Professor Commentary
Sticky Note
Thousands of contaminated sites exist in the United States today due to hazardous waste being dumped in the environment, left out in the open, or otherwise improperly managed.  These sites include manufacturing facilities, industrial sites, military sites, processing plants, refineries, landfills and mining sites.  In the 1970s, much national attention was focused on air pollution, water pollution, and toxic waste sites.  The public demanded action and so Congress established the Comprehensive Environmental Response, Compensation and Liability Act (CERLA) in 1980.  CERCLA is informally called Superfund.  It gives the U.S. EPA authority to clean up contaminated sites around the United States. It also forces the parties responsible for the contamination to either perform cleanups or reimburse the government for EPA-led cleanup work.  When there is no viable responsible party, for example when the company responsible for the toxic site no longer exists, Superfund gives the EPA the funds and authority to clean up contaminated sites.   

As of 2022, there were more than 1,300 sites in the United States on Superfund's National Priorities List.  Many of these sites will require decades of work and billions of dollars to clean.  This map shows the locations of these 1,300 sites.  More than 600 chemicals have been found at Superfund sites.  Some common contaminants found at Superfund sites include arsenic, asbestos, benzene, dioxin, lead, PCB, PFAS (forever chemicals), toluene, and uranium.  As of 2022, Ohio has 37 Superfund sites with an additional 8 sites that have been proposed to be added to the National Priorities List.  A total of 7 Superfund sites have been cleaned up in Ohio and removed from the list.    




Hudson River Superfund
 

    
     

      
    

     
     

          
      

      
  

   

 
Image from EPA. 

Hudson River PCBs Superfund 
Site 
An estimated 1.3-million pounds of PCBs 
(polychlorinated biphenyls) flowed into upper 
Hudson River from two General Electric (GE) 
factories for 30 years before PCBs were 
banned in 1977. 

The Hudson River PCBs site, including 200-
miles of river, was proposed as a Superfund 
site in 1984. In 2009, Phase 1 of the EPA 
approved cleanup began with dredging of 
contaminated river sediment and disposal of 
PCB-sediment in hazardous landfills. 

https://www.epa.gov/hudsonriverpcbs
Professor Commentary
Sticky Note
Here is an example of one Superfund site, the Hudson River PCB Superfund Site, which is one of the largest superfund sites in the United States.  In 1984, 200 miles of the Hudson River, between Hudson Falls, New York and the Battery in New York City, was placed on the EPA's National Priority List as one the country’s most contaminated hazardous waste sites.  The site has an estimated 1.3-million pounds of PCB that was discharged directly into the Hudson River from two General Electric factories that manufactured capacitors from 1947 to 1977.  The PCB is contained within the sediment at the bottom of the river.  Therefore, sediment dredging began at the site in 2009 to remove contaminated sediment.  The sediment was then shipped to hazardous waste sites for disposal.  



    
   
    

     
     

    
      
    

 
   

 
 

  

 

  
Images from EPA 

Dredging sediment 

Sediment shipped by barges 

Hudson River Superfund Site 
• Between 2009-2015, over 5-million cubic 

yards of PCB-contaminated sediment was 
removed from the Hudson riverbed 

• The PCB waste was loaded onto barges 
and shipped by train 2,000 miles away to 
hazardous waste site in Andrews, Texas 

• Cleanup of Hudson River Superfund site 
will cost billions of dollars and take 
decades to complete 

• Restoration work on this site continues 
today 

Source: NOAA 

https://darrp.noaa.gov/hazardous-waste/hudson-river
https://www.epa.gov/hudsonriverpcbs/photos-gallery
Professor Commentary
Sticky Note
Here we see dredges removing PCB-contaminated sediment from the Hudson riverbed and loading the material onto barges.  Over 600 barges transported the PCB-contaminated sediment to a processing facility along the river, where it was loaded onto rail cars.  Trains transported the PCB-contaminated sediment over 2,000 miles to a hazardous waste site located in Andrews, Texas.  The entire cleanup effort from its start in 1984 to finish will take approximately 45 years and billions of dollars.  In 2022, the environmental organization Scenic Hudson released a report that estimated the total cost to clean up the Hudson River to be in excess of $10-billion.  
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Objective 4: Describe the 
methods, instruments, and 
techniques that scientists 
use to study pollutants 



Who studies pollutants?

     

   
  

    
     

 

   
 

  
   

   

 

 

Image from National Cancer Institute, Unsplash. 

Who studies pollutants? 

Epidemiologist = scientist who 
determines incidence, distribution, 
and cause of toxins or pathogens 
to prevent spread and better 
control them 

Toxicologist = scientist who 
detects, measures and 
analyzes properties of toxins or 
pathogens and how they affect 
cells, tissue, and organisms 

https://unsplash.com/photos/aelk4Tn0vlI
Professor Commentary
Sticky Note
Two types of scientists who are particularly interested in studying pollutants are epidemiologists and toxicologists.  These scientists typically have earned a MS, PhD and/or MD degree.  An epidemiologist is a scientist who determines incidence, distribution, and cause of toxins or pathogens to prevent spread and better control them.  A toxicologist = scientist who detects, measures and analyzes properties of toxins or pathogens and how they affect cells, tissue, and organisms.    
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Centers for Disease Control and Prevention (CDC) 
• Detecting and responding to new and emerging health threats 
• Tackling the biggest health problems causing death and disability for 

Americans 
• Putting science and advanced technology into action to prevent disease 
• Promoting healthy and safe behaviors, communities and environment 
• Developing leaders and training the public health workforce, including 

disease detectives 
• Taking the health pulse of our nation 
Source: CDC 

https://www.cdc.gov/about/organization/mission.htm
Professor Commentary
Sticky Note
The Center for Disease Control and Prevention (CDC) is the national public health agency of the United States, headquartered in Atlanta, Georgia.  The CDC was founded in the 1940s to play a critical role in protecting the public's health.  CDC conducts critical science and provides health information to protect the U.S. against health threats and responds when threats arise.  The CDC tracks human diseases at home or abroad, chronic or acute, curable or preventable, human error or deliberate attack.  Scientists who work at the CDC include physicians, epidemiologists, toxicologists, biologists, chemists, and mathematicians. 

Here are ways that the CDC fights against these from their website. 
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in vitro study: "in glass" 
Experiment in Petri dish or 

test tube 

in vivo study: "in the body" 
Experiment within lab animals 

Image by Ufficio Comunicazione, Azienda Ospedaliera SS. Antonio e Biagio e Cesare Arrigo, Alessandria 
and Biblioteca Biomedica Centro di Documentazione, Wikimedia Commons. CC BY SA 4.0. 

https://commons.wikimedia.org/wiki/User:PescediBabele
https://commons.wikimedia.org/wiki/File:Antonio_e_Biagio_e_Cesare_Arrigo_Petri_dish.jpg
https://creativecommons.org/licenses/by-sa/4.0/deed.en
Professor Commentary
Sticky Note
Toxicologists study toxins using two different types of experiments: in-vitro experiments and in-vivo experiments.  In-vitro experiments are conducted within a petri dish or test tube. In-vivo experiments are conducted within a living organism, such as a rat or mouse.  In-vitro experiments help scientists understand how a toxin impacts a particular cell type, cellular process, or protein.  In-vivo experiments help scientists understand how a toxin impacts an organisms physiology or metabolism and are conducted using organisms such as flies, fish, frogs, rats, mice, cats and dogs.   



   

      
    

     
     
   

     

   
   

    
  

   

 

Dose-response Relationship 

The response of an organism (or 
protein, cell, tissue) related to 
exposure to an agonist (e.g., 
chemical, toxin, treatment) can be 
described by a dose response 
curve. 

Agonist = chemical, stimulant or 
toxin 

These experiments can be 
conducted in-vivo or in-vitro 

Dose <1 Molar little 
to no response 

Dose >1 Molar 
generates 
maximum response 

Image by Jamgoodman, Wikimedia Commons, CC BY-SA 4.0. 

https://en.wikipedia.org/wiki/Dose%E2%80%93response_relationship
https://creativecommons.org/licenses/by-sa/4.0/
Professor Commentary
Sticky Note
Dose-response relationship (or Exposure-response relationship) describes the response of an protein, cell, tissue or organism to exposure to a chemical.  The chemical is often described as an agonist or stimulant or toxin.  Here we see data collected by a toxicologist as she exposed tissue to different concentrations of chemical agonist.  In this graph we see that a chemical concentration less than 1 Molar (1 mole per liter) had little to no impact on the tissue.  However, when the chemical concentration was increased, the tissue showed 100% maximum response.  In these types of experiments, the agonist can be a toxin, a new drug, a new type of medical treatment, etc.  The goal is to determine the magnitude of response as a function of exposure.  



Half-Life Definition

   

     
     

     
    
      

     
      
      

        
  

 

 

Image from Los Alamos National Laboratory. 

Weapons-grade
plutonium for 1 bomb 

5.3 kg 

11 cm 

Half Life (t1/2) = time required 
for a substance's quantity to 
reduce by half its value 

Rule-of-thumb for radioactive material: a 
material that has decayed by 10 half-lives has 
decayed sufficiently and no longer is a risk. 

Example: Plutonium-239 has a half-life of 
24,000 years. Therefore, we must store this 
material for 240,000 years (10 x 24,000 years) 
before it no longer poses a threat to humans or 
other forms of life. 

https://en.wikipedia.org/wiki/Plutonium-239
Professor Commentary
Sticky Note
The half-life is the time it takes for a certain amount of chemical to decrease by half.  It is an important number to know because it tells us how long a chemical will last in the environment or within an organism.  Here we see a weapons-grade ring of 99.96% plutonium. The ring weighs 5.3 kg, and is approximately 11 cm in diameter. It is enough plutonium for one bomb core. The ring shape helps with criticality safety because less it is less concentrated material than a sphere or cube.  Plutonium-239 has a half-life of about 24,000 years.  A good rule of thumb for radioactive material is that after 10-half lives, the material is sufficiently safe and no longer poses a risk to public health.  
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Pollutants in the environment take different 
amounts of time to break down, which we 
measure as the pollutant's half-life (t1/2). 

A substance with a long half-life (for 
example, t1/2 = 2,000 years) will take 
hundreds to millions of years to break down. 
They are persistent pollutants because they 
are stable and thus pose a long-term 
problem. 

A substance that has a short half-life (for 
example, t1/2 = 14 days) will break down in 
days to months. They are not stable they 
decay quickly by natural processes and pose 
little long-term risk. 

Professor Commentary
Sticky Note
Here we see two different hypothetical elements shown as gray squares or red circles.  We start with 8 atoms of each in January and the elements undergo radioactive decay.  The gray squares have a half life of 1 month and the red circles have a half life of 2 months.  You can see that the gray squares decay quicker than the red circles.  We start with 8 gray squares in January, 4 squares in February, 2 squares in March, 1 square in April, and so on.  The red circles take twice as long to decay.  We start with 8 red circles in January and it decays to 4 circles in April, 2 circles in May and 1 circle in July.  Knowing a substance's half life helps scientists and engineers properly manage hazardous waste.  When these hypothetical elements have gone through 10-half lives, they have decayed sufficiently to be safe and no longer poses a risk to public health.  For the gray circles, this will be 10 months.  For the red circles, this will be 20 months.    
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LD50 = amount of substance that when given to test 
animals results in 50% of the animals dying 

LD refers to “lethal dose” and is usually tested on small mammals because they 
have similar physiology to humans. Toxicologists use LD50 to determine acute 
toxicity. LD50 typically given in milligrams of substance per kilogram of bodyweight. 

Substance Test Animal LD50 (mg/kg) 
Agent Orange (dioxin) Rat, oral 0.02 
Arsenic (As) Rat, oral 763 
Box jellyfish venom Crayfish, injection 0.005 
Hydrogen cyanide (HCN) Mouse, oral 3.7 

Professor Commentary
Sticky Note
LD-50, which stands for lethal dose 50, is another unit of measurement that is important to know when studying toxicity.  The LD-50 is the concentration of a substance that will kill 50% of a test population.  For example, 100 rats are fed substance X at a concentration of 100 parts per million and this results in 50 dead rats.  In this example, the LD-50 is 100 parts per million.  The LD-50 is usually determined using laboratory animals and it informs scientists about a substance's acute toxicity.  It tells toxicologists how much substance will kill a population immediately or within a very short period of time.   

This table provides LD50 values for four substances.  Box jellyfish venom is the most toxic substance and arsenic is the least toxic substance listed in this table.   You see that arsenic has a LD-50 of 763 milligrams per kilogram.  This means that when 100 rats were given food containing 763 mg per kg arsenic, that 50 of them died.  When rats were fed Agent Orange at a concentration of 0.02 mg per kg, 50% of them died.  And so on.  LD-50 is a single number that can be used to compare the toxicity of different substances.  The smaller the LD50 value, the more toxic the substance because it takes less of the substance to result in death.    
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Image by pina messina, Unsplash. 

A substance's safe dose or threshold 
dose is the minimum dose (or 
concentration) of a substance (typically 
a drug) that triggers a detectable 
biological response 

Because there is uncertainty in determination of 
safe dose (e.g., differences in mice vs. human), 
regulatory agencies typically add a factor of 100 or 
1000 to be on the safe side. 

For example, if evidence suggests a substance is 
safe at 100 parts per million (ppm) then scientists 
may set the environmental standard at 1 ppm for 
adults and 0.1 ppm for children. 

https://unsplash.com/photos/kfJkpeI6Lgc
Professor Commentary
Sticky Note
Scientists often want to know a safe dose or threshold dose for chemicals, particularly medications like ibuprofen and acetaminophen.  It is important to determine the minimum dose or concentration of a substance that will trigger a biological response.  For example, an anesthesiologists would want to know what is the minimum dose of anesthetic that I can give a patient during surgery so that I can put the person to sleep during surgery without causing harm to the patient.  This value will be different for adults versus children.  Because there is uncertainty in everything, regulatory agencies like the U.S. Food and Drug Administration (FDA) will typically add a safety factor for any medication.  Likewise, the U.S. Environmental Protection Agency (EPA) will set a safety factor for chemicals in the environment, in the air, soil, and water.  



Data Sources

Data Sources and Collection Methods 
Source Method Example 

  
    

 
   

  
   

  

     
   

   
    

 

    

  
 

 

 

   

 

Individual persons • 
• 

Questionnaire 
Survey 

Environment • 

• 

Samples from the 
environment (river water, soil) 
Sensors for environmental 
changes 

Health care providers • Notifications to health 
department if cases of certain 
diseases are observed 

Nonhealth-related 
sources (financial, 
legal) 

• 
• 

Sales records 
Court records 

• Foodborne illness outbreak 
• CDC’s National Health and Nutrition 

Examination Survey 
• Health data on U.S. residents 
• Collection of water from area streams 

to check for chemical pollutants 
• Air-quality ratings 

• Report cases of meningitis to health 
department 

• Cigarette sales 
• Intoxicated driver arrests 

Source: CDC 

https://www.cdc.gov/training/publichealth101/epidemiology.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fpublichealth101%2Fepidemiology.html
Professor Commentary
Sticky Note
In order to have an understanding of toxins in the environment and their impact on health, scientists collect data and take measurements.  This table summarizes some methods that scientists collect these data.  Please note that this list is not exhaustive, its purpose is only to provide several important examples.   
For human data, scientists collect information from questionnaires and surveys.  Environmental data are collected from soil, water, and air and remote sensors are often utilized to make real-time measurements of pollutants in water and air.  Health care providers collect considerable amounts of data during the course of daily clinical practice.  Physicians collect data from biological samples (for example, blood, tissue), observations, and interactions with their patients.  Data is often shared with public health departments to make decisions and inform the public.  Data from non-health related sources, such as financial and legal records, can also be important.  These data are gathered and reviewed from product sales, court proceedings, arrests, and so forth. Examples of non-health related sources that provide key data are cigarettes sales and the number of arrests for intoxicated drivers.




Solvin Health Problems

  

  
  

  

  

  
  

   

   

  

  

  

  

  
 
 

 

  

  

 

  

 

Action

Step 1 -

g 

Solving Health Problems 

The work that 
scientists, 
physicians, 
engineers and 
public policy 
professionals 
accomplish is crucial 
to the health of the 
public and the 
environment. 

Step 1 
Data 

collection 

Solving health 
problems 

Assessment 

Hypothesis 
testing 

Step 2 

Step 3 

Action 
Step 4 

Surveillance; determine 
time, place, and person 

Inference 

Determine how and why 

Intervention 

Step 1 -

Step 2 

Step 3 

Step 4 

Source: CDC 

https://www.cdc.gov/training/publichealth101/epidemiology.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fpublichealth101%2Fepidemiology.html
Professor Commentary
Sticky Note
Scientists at the Center for Disease Control and Prevention (CDC) utilize a four-step scientific approach to solve health problems which includes data collection, assessment, hypothesis testing, and action.  First, data are collected about health problems occurring among the population through public health surveillance and observations.  Data collected include information about when the problem occurred, as well as where and who were affected (that is, time, place, and person).  Next, the scientist establishes inferences on the basis of the collected data and draws initial conclusions on the basis of those data. She uses the information to generate hypotheses about what might be causing the health problem. Then, the how and why of a condition is determined by conducting experiments, gathering data, and analyzing data to determine if the hypothesis is accurate. Finally, the scientist works with public policy professionals to take action. In public health, that action is known as an intervention. We take action to intervene to prevent the condition from spreading further and to promote healthy behaviors.




