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Freshwater Resources Objectives 

1. Identify where Earth's freshwater is located and 
how much is accessible for human use. 

2. Summarize freshwater uses by humans 
(agriculture, industry, home). 

3. Quantify your water footprint and identify the 
pathways of water consumption by humans. 

4. Recognize the limitations and challenges that exist 
for protecting and managing freshwater resources. 



 
   

  
 

 

Identify where
Earth's freshwater is 
located and how 
much is accessible 
for human use. 



      
 

  
   

   

     

  

Water 
• Comprised of two hydrogen and one 

oxygen atom 
• Dihydrogen monoxide (H2O or HOH) 
• Inorganic, transparent, tasteless, 

odorless, and colorless chemical 
substance 

• Essential for all known forms of life 

Mariana Ruiz Villarreal. Public Domain. 

Professor Commentary
Sticky Note
In order to talk about freshwater, let’s first define what water is. ”Water” is the name given to a molecule with 2 hydrogen and 1 oxygen atoms. As a result, it’s chemical name is “dihydrogen monoxide” which is abbreviated as H2O or HOH. Water is inorganic – in organic chemistry terms this means that it does not contain a carbon-hydrogen bond, that is, a carbon molecule bonded to a hydrogen molecule. By itself, water is transparent, tasteless, odorless and colorless. Water also happens to be one of the only things that we know is essential for all known forms of life – making it an invaluable resource.

This diagram shows how the water molecule is structured. You can see that the two + hydrogen atoms arrange themselves on the same side of the oxygen atom. This creates a positive and negative region on the molecule. This dipolar nature of water makes it an exceptional solvent, allowing it to interact with a number of compounds – like the sodium chloride salt shown here. In fact, water is called the “universal solvent” because it dissolves more substances than any other liquid. This solvent property is important to every living thing on earth. It means that wherever water goes, whether we’re talking about going through our bodies, a plant, or the ground, water is transporting valuable chemicals, minerals, and nutrients.




 NASA. Public Domain. 

Professor Commentary
Sticky Note
We’re probably all familiar with the water cycle – which describes how water is constantly circulating around the globe and moving between gaseous, liquid, and solid states. Bit if we look at an individual water molecule, these are moving through the water cycle at different rates. With some moving through in a matter of days and while others may take billions of years. Water vapor in clouds for instance may turn into liquid rain, fall to the ground and become surface run off then ground water or running into streams which lead to oceans before evaporating and turning back into water vapor and condensing into clouds. Other molecules that are trapped in glaciers or reside deep in an underground reservoir, may take billions of years to move through the entire cycle because they get caught in a particular state and location.

Where water is located in the cycle, will determine if it is accessible and usable by humans. Humans rely primarily on freshwater found in surface water sources – like lakes and rivers. So water trapped deep in the ground, or in plants or in clouds cannot be harvested for human use. Sources such as the ocean are also unfit because of the high concentrations of salt. 




    
 

   

   
  

   
  

 
    

  
 USGS. Public Domain. 

Groundwater 
Water that fills the void 
spaces between rocks 
and sediment below 
the water table 

Aquifer 
A body of rock and/or 
sediment that holds 
groundwater and can 
produce an 
economically feasible 
quantity of water to a 
well or spring 

Professor Commentary
Sticky Note
Another common source of freshwater is groundwater. Groundwater is Water that fills the void spaces between rocks and sediment below the water table. You may have heard groundwater referred to as an aquifer which is a body of rock and/or sediment that holds groundwater and can produce an economically feasible quantity of water to a well or spring. Aquifers supply much of the US public and domestic water supply and supports our agricultural and industrial economies.

You can see in this diagram that where the water table is above the surface, the water becomes surface water. This surface water can be a river, lake, or a wetland depending on the topography of the area. Therefore groundwater and surface water are intimately connected. They feed each other and support each other. Groundwater contributes flow to rivers, lakes, and wetlands and surface water can trickle down to recharge aquifers.




 
   

  
 

    
 

 
   

    
 

     Environment and Climate Change Canada. Public Domain. 

Unconfined Aquifer 
An aquifer whose 
upper boundary is the 
water table; often the 
shallowest aquifer in a 
give area 

Confined Aquifer 
An aquifer that lies 
below an impermeable 
layer (i.e. rock) which 
cause pressurization 

Professor Commentary
Sticky Note
Since groundwater is a major source of domestic water, let’s look at the two major types. The first and more accessible is the unconfined aquifer. An unconfined aquifer is an aquifer whose upper boundary is the water table. It is often the shallowest aquifer in a give area and therefore easier and less expensive for us to tap into. These aquifers tend to regenerate relatively quickly but the down side is that they are more easily polluted. If there is a spill on the surface (chemicals or motor oil), these substances will trickle through the ground and contaminate the groundwater there. 

The other type of aquifer is called a confined aquifer. These aquifers are confined by, that is they lie below, an impermeable layer of rock. These rocks are considered impermeable because they are very dense and so water cannot easier move through them. As a result, confined aquifers are often pressurized. So when a new well is drilled into them, water spouts out of the well. This impermeable layer protects the aquifer from pollution but also reduces the rate that the aquifer can be recharged. Confined aquifers are said to be filled with fossil water – that is the water within them has been there for hundreds, thousands, or even millions or years, depending on the hydrology and depth. And so when humans tap into these sources of freshwater, we’re nearly always withdrawing water faster than the aquifer can be replenished. 




  

   
   

   
     

   

What makes freshwater 
fresh? 

Freshwater is water that 
contains little to no 
dissolved ions, such as 
salt (<0.05% or <0.5 ppt). 

Peter Summerlin. CC BY-SA 3.0 

Professor Commentary
Sticky Note
Whether on the surface or in the ground, one of the most important considerations of whether we can use a source of water is if it is freshwater. But what is freshwater and what makes freshwater fresh? Well, when we say freshwater, we are speaking directly to the concentration of salt or the salinity of the water. In the gradient of salinity, freshwater is at the extreme and can be defined as water that has 0 to 0.5 parts per thousand dissolved ions or less than 0.05%. Water that contains no dissolved ions is referred to as pure or distilled water, and has to go through a special process to be made. You’ll never find pure water in a natural environment.  That’s because water is such a great solvent.

Relative to the total amount of water, naturally occurring freshwater is rare. Most of our water exists with a higher salinity, living in the brackish, saline, or briny categories. If we look at Earth’s surface, about ¾ is covered in water, however most of this makes up our oceans which is considered saline. In fact, 96.5% of all Earth’s water resides in our oceans. This leaves only a small amount of freshwater leftover to support terrestrial ecosystems.




  
  

     
  

 
  

 

 
  

 

 
  

 

 NASA. Public Domain. 

71% 
of Earth’s surface 
is covered in 
water 

This droplet is 
1,385 km 
in diameter 

2.5% 
of this water 
is freshwater 

This droplet is 
272.8 km 
in diameter 

<1% 
of this fresh water 
is accessible to 
humans 

This droplet is 
56 km 
in diameter 

Professor Commentary
Sticky Note
Let’s look at at the breakdown more closely. Yes, 71% of the earth’s surface is covered in water. But this makes the amount of water we actually have a little misleading. If we were to take all the water on Earth - including all the water in the oceans, the clouds, ice, in plants and animals, and in you and me – we could place all that water in the first sphere about 1/3 the size of our moon (3,475 km (diameter of moon)). What’s more is that the vast majority of this water is unfit for human use because it is too saline. Remember that the oceans hold about 96.5% of all Earth’s water.

If we extract only the freshwater, we are left with a sphere that is about 273 km in diameter. But even most of this freshwater is inaccessible to humans – 60% of freshwater is trapped in glaciers and ice caps, 30% is trapped in groundwater of which most is too deep for humans to tap into.

The water that is accessible to humans – largely surface water from lakes and rivers – could fit into a sphere 56 km or about 35 miles in diameter. This entire sphere accounts for 1/100th of 1% of Earth’s total water and could fit over the city of Columbus, Ohio. 

-----

1/100 of 1% of total water is usable by humans

About 71% of the Earth’s surface is covered in water. Misleading. Look at all water forced into a sphere. It’s tiny and this is all the water that we have. What’s more is that the vast majority of this water is either too saline (i.e. salty and in the ocean). Oceans hold about 96.5% of all Earth’s water

Of the 3.5% of freshwater - 99% of all freshwater is locked up in groundwater. Accessible water fits over Atlanta Georgia and in this illustration has a diameter of about 34.9 miles (56.2 kilometers)

Accessible Freshwater: about 22,339 mi3 (93,113 km3)
All Freshwater: about 2,551,100 mi3 (10,633,450 km3); diameter 169.5 miles (272.8 kilometers)
All Water: about 332,500,000 cubic miles (mi3) (1,386,000,000 cubic kilometers (km3)); diameter about 860 miles (the distance from Salt Lake City, Utah, to Topeka, Kansas




  
 

 

Summarize water 
uses by humans 
(agriculture, 
industry, home). 



    Freshwater is not just for drinking. 

Professor Commentary
Sticky Note
Freshwater in not just for drinking. While, a very important aspect of our freshwater use, only about 8% of freshwater used by humans is used in our homes domestically. Let’s spend the next few minutes looking at the breakdown of our water use in the United States. 

Public Supply = 12%
  Domestic – 7.2%
  Commercial + Public Service - 4.8%
Self-supplied Domestic = 1%
  Total Domestic = 8.25%
Agriculture = 40%
  Irrigation – 37%
  Livestock – 1%
  Aquaculture – 2%
Industry = 5%
Thermoelectric = 41%
Mining = 1%




    
 

    
  

     
   

    

 

 
 

Estimated Use of Water in the 
United States 
• U.S. Geological Survey report published 

every 5 years since 1950 

• 2015 Total: 322 billion gallons per day (Bgal/d) 
• 87% freshwater; 13% saline-water 

• Further broken into 8 categories 
• Public supply (12%) 
• Self-supplied domestic (1%) 
• Irrigation (37%) 
• Livestock (1%) 
• Aquaculture (2%) 
• Industrial (5%) 
• Mining (1%) 
• Thermoelectric (41%) 

Professor Commentary
Sticky Note
The breakdown we’ll use comes from The U.S. Geological Survey, which produces a water census for the United States every 5 years. In their most recent report, which describes water usage in 2015, the USGS estimates that 322 billion gallons of water are used per day in the United States. The report further breaks down water use into 8 categories: Public Supply, Self-supplied Domestic, Irrigation, Livestock, Aquaculture, Industrial, Mining, and Thermoelectric. Most of this, 87%, is freshwater from surface and groundwater sources. The remaining 13% comes from saline-water sources – nearly all of which are used for mining, industry, and thermoelectric power. Let’s go through each in turn. 




    
 

    
  

   
   

  
   

   

Public Supply 
• Water withdrawn by public and private 

water suppliers 
• Delivered for domestic, commercial, 

thermoelectric, public service purposes 
• 12% of Total Withdraws 

• 61% surface; 39% ground 
• 60% public-supply withdraws provide 

88% population (283 million) with water 
in their homes and residences 

Professor Commentary
Sticky Note
First we have Public Supply. Which is water withdrawn by public and private water suppliers. These water suppliers deliver water for domestic, commercial, thermoelectric, and public service purposes. At 12% of the total withdraws, 61% is from surface water and 39% from groundwater sources. 60% of the public supply provides 87% of the US population with water in their homes. So vast majority of homes are provided water from this public supply category. From the graphs we see that California, Texas, Florida, and New York are our biggest withdrawers. This should be of no surprise since these states are where are largest populations reside. 

39,000 Mg/day




 
      

     

    
   

    
  
    

  
    

   
   
   

    

 
 

 

12% 

88% 

Total Domestic Water Withdraws, 2015 

Self-supplied withdraws, 
3,260 Mgal.d, 12% 

Public-supply deliveries, 
23,300 Mgal.d, 88% 

Self-Supplied Domestic 
• Water withdrawn from well (98%) or 

rainwater cistern (2%) to supply a 
domestic residence 

• Commonly used for drinking, food 
preparation, washing clothes and 
dishes, bathing, flushing toilets, 
maintaining domestic outdoor 
environment (i.e. lawns, ponds, 
pools, gardens, etc.) 

• Total domestic use accounts for 8% 
of total water withdraws 
• 1% from self-supplied withdraws 
• 7% delivered from public-supply 

Professor Commentary
Sticky Note
That other 12% of the population fall into the self-supplied domestic category. These portion of the population primarily relies on wells and ground water to supply their homes with water. Common domestic water uses include water used for drinking, food preparation, washing, bathing, maintaining domestic outdoor environment like lawns, pons, pools, and gardens. The total domestic withdraws (including self-supplied and public supply) accounts for 8% of the total withdraws in the US. 1% of the total withdraw is from this self-supplied category. 

3,260 Mg/day self supplied
23,300 Mg/day public supply deliveries

Nearly all (98 percent) of these self-supplied withdrawals were from fresh groundwater sources. 




    
      

   
   

    
    

   
   
  

Irrigation 
• Water applied by irrigation systems to 

sustain plant growth in agriculture and 
horticulture 
• Includes water for temperature 

protection, chemical application, 
field preparation 

• Includes crops, golf courses, parks, 
nurseries, turf farms, and cemeteries 

• 37% of Total Withdraws 
• 52% surface; 48% ground 
• <1% reclaimed wastewater 

Professor Commentary
Sticky Note
Next, we have arguably the category with the highest impact on our water supply. The USGS defines the category of irrigation as water applied by irrigation systems to sustain plant growth in agriculture and horticulture. This includes not only water used to sustain life but also water used to control temperature, for chemical application, and field preparation for harvesting or seeding. About 52% of this water is taken from surface water, leaving 48% sourced from ground water. States in arid regions rely more heavily on ground water supply (for instance the central and western states) while more wet regions can rely on surface water sources. 

In the United States, irrigation accounts for 37% of our total water withdrawals. When you add in Livestock and Aquaculture, the total agriculture water use comes to around 40%. If you look at the world in total, estimates are much higher. A common figure you see is that 70% of the world’s water use is dedicated to agriculture. Sometimes this figure is as high as 90-95% of our water use is dedicated to raising plants and animals to support our various industries and feed the human population. So what can explain this difference?  Well, the USGS figures focus solely on water withdrawals, that is water that comes out of a pipe via irrigation systems, These figures do not include rainwater. The global figures figures however, look at the entire water footprint, which does include rainwater as well as water withdrawn from surface and ground water. This alone may account for the discrepancy. 


118,000 Mg/day




   
    

 
   

     
    
  

  
   

  

Livestock 
• Water associated with livestock 

watering, dairy operations, and other 
on-farm needs. 
• Dairy cows and heifers, beef 

cattle and calves, sheep and 
lambs, goats, hogs and pigs, 
horses, and poultry. 

• 1% Total Withdraws 
• 38% surface; 62% ground 
• All self-supplied freshwater 

Professor Commentary
Sticky Note
The next USGS category is livestock. This isolates livestock water to that directly used to support watering and other related on-farm needs to raise cows, sheep, pigs, horses, and chickens. This number is misleading because it leaves out all the water needed to grow the feed for the animals. So with this narrow definition, livestock accounts for about 1% of the US total water withdraw. 38% of which comes from surface water and 62% from groundwater. As you would expect, states with large livestock farms are using the most water. The states of Texas, California, Iowa, Nebraska, and Kansas each used more the 100 Mgal/d and together accounted for 42% of total livestock withdraws in 2015. 

2,000 Mg/day

Texas, California, Iowa, Nebraska, and Kansas each used more than 100 Mgal/d for livestock and together accounted for 42 percent of total livestock withdrawals in 2015 




    
      

   
  

    
  

   
    

 
   

   
   

Aquaculture 
• Water associated with raising 

organisms that live in water for food, 
restoration, conservation, or sport. 
• Production occurs under 

controlled feeding, sanitation, and 
harvesting procedures primarily in 
ponds, flow-through raceways, 
cages, net pens, and closed-
recirculation tanks. 

• 2% of Total Withdraws 
• 79% surface; 21% ground 
• All self-supplied; <0.1% saline 

Professor Commentary
Sticky Note
The last agricultural category we’ll look at is Aquaculture. This is water associated with raising organisms that live in water for food, restoration, conservations, or sport. Aquaculture accounts for 2% of the United State’s total water withdraw with Idaho, distantly followed by North Carolina, accounting for the top two states. Most of this water, 79%, is from surface water; 21% from ground water sources. Maybe surprisingly, this is nearly all freshwater (99.9%) and all the water is self-supplied; meaning that this industry does not rely on public supplied water. 

7,550 Mg/day




     
    

    
      

  
    

 
   

   
    

 

Industrial 
• Water used for fabricating, processing, 

washing, diluting, cooling, and 
transporting a product, incorporating 
water into a product, or sanitation 
needs within a facility. 
• Food, paper, chemicals, refined 

petroleum, primary metals. 
• 5% of Total Withdraws 

• 82% surface; 18% ground 
• 94% surface and 98% 

groundwater was freshwater 

Professor Commentary
Sticky Note
Next we have the Industrial category, which the USGS defines as water used for fabricating, processing, washing, diluting, cooling, and transporting a product, incorporating water into a product, or sanitation needs within an industrial facility. These ”industries” include food, paper, chemicals, refined petroleum, and primary metals. In 2015, this category accounted for 5% of the total water withdraws in the US. 82% of which were from surface water sources, 18% from ground water. The vast majority of these surface and ground water withdraws were freshwater (94% and 98% respectively). This category also excludes those industrial complexes that received their water from the public supply – those industrial uses are included in the public supply category we looked at earlier. So this 5% slice is entirely self supplied. 



14,800 Mg/day

Industries that received water from the public supply are included in the public supply category.

Surface water was the source for 82 percent of total industrial withdrawals; 94 percent of the surface-water withdrawals for industrial use was freshwater. More than 98 percent of the groundwater withdrawals for industrial use was freshwater. Industrial water withdrawals in the United States decreased 9 percent from 2010 to 2015. 




      
 

     
  

   
   
   

    

Mining 
• Water used in the extraction of 

minerals and rocks 
• Coal, iron, sand, gravel, crude 

petroleum, natural gas 
• 1% of Total Withdraws 

• 28% surface; 72% ground 
• 77% surface water was 

freshwater; 65% of groundwater 
was saline 

Professor Commentary
Sticky Note
The next category, coming in with 1% of the total water withdraw, is mining. This includes water used in the extraction of minerals and rocks including coal, iron, sand, gravel, crude petroleum, and natural gas – including water used for unconventional oil and gas recovery such as hydraulic fracturing. 28% of the water used for mining in the United States in 2015 came from surface water sources; 72% from ground water. This is the first category where we start to see saline water be a significant portion of the water use. 65% of the ground water and about ¼ of the surface water was saline.  

4,000 Mgal/day

The category includes quarrying, milling of mined materials, injection of water for secondary oil recovery or for unconventional oil and gas recovery (such as hydraulic fracturing), and other operations associated with mining activities. 




      
   

     
 

   
  

    
    
  

Thermoelectric 
• Water primarily used to cool the steam 

used to drive thermoelectric generators 
via a once-through or recirculating 
cooling system. 

• 41% of Total Withdraws 
• 100% surface water 
• 72% freshwater; 28% saline 

(accounts for 97% total saline 
withdraws for all categories) 

Professor Commentary
Sticky Note
Our last category is thermoelectric. This is water primarily used to cool the steam used to drive thermoelectric generators in the production of electricity. This cooling is either done through a once-through or recirculating cooling system. – which describes the way in which water is used. You can image that once-through systems use substantially more water than recirculating systems. The thermoelectric category accounts for a large 41% of the the United State’s total water withdraws in 2015. This nearly equals all the withdraws related to agriculture. Thermoelectric relies solely on surface water- 72% which is fresh and 28% saline. This saline portion though makes up 97% of the total saline withdraws for all categories; which speaks to how large this category really is. 

133,000 Mg/day

Once-through (also known as open-loop) cooling systems withdraw relatively large volumes of water, route the water through condensers to cool the steam used to generate electricity, and then return the water at a higher temperature. 

Recirculating (also known as closed-loop or recirculation) cooling systems withdraw relatively smaller volumes of water (compared to once-through cooling systems) and circulate the water between the condensers and the cooling system, either recirculating towers or cooling ponds. Subsequent water withdrawals are used to replace, or make up, water lost to evaporation, blowdown, drift, and leakage. 




 USGS. Public Domain. 

Professor Commentary
Sticky Note
So why did we just go through all these categories, defining them and analyzing them? Well because without data to measure we cannot manage the resource. And data, especially data collected over long periods of time, can help give us the bigger picture and inform where and how we can make change to conserve our water resources. Since the USGS has been collecting this data since 1950, we can look back over the last 65 years and see how our water use has changed over time. Now graphs like these are very informative and they are important to know how to read. The x-axis along the bottom describes the year of the data. This graph has two y-axis. The y-axis on the left describes the withdraw for each category shown as colored bars. The y-axis on the right describes the total withdraws for each year which is represented by the connected blue line. Here is how I would describe the data: Between 1950 and 1980, the total water withdrawals in the United States steadily increased – primarily due to increased use in irrigation and thermoelectric power generation – both of which remain the two highest categories for the described time period. Total water withdrawals dropped slightly between 1980 and 1985 and remained stable until about 2005 when it began to steadily decrease. The largest contributor to the decrease between 2010 and 2015 is primarily from the thermoelectric power category.




 USGS. Public Domain. 

Professor Commentary
Sticky Note
This graph is set up similar to the one we saw previously – with one x-axis along the bottom describing the year of the data and two y-axises. This time though, we are looking at total withdraws broken down into ground water and surface water compared to the total US population. We see the same story of total water withdrawals increasing from 1950-1980, remaining stable between 1985 and 2005, and then beginning to decrease. The United States population however, steadily increases from about 175 million in 1950 to around 325 million in 2015. So while increased population may have accounted for the rise in water withdraws at the beginning of the data, it is not what is driving the now decreasing trend. Instead, the decreasing may mean that we are beginning to use water more efficiently, especially in that thermoelectric category. This may be because of efficiency measures for generating electricity in the thermoelectric facilities themselves, or because of energy conservation practices we have adopted in our homes and businesses. Because as we’ll find out next, water and energy, just like water and food, are intimately connected. 




 
 

Quantify your water 
footprint and identify 
the pathways of 
water consumption 
by humans. 



   

     
      

 
   

    
    

Calculate your water 
footprint. 
• Measures the amount of water used 

to produce each of the goods and 
services we use. 

• Considers direct (e.g. bathing, 
cooking, washing) as well as indirect 
consumption (e.g. diet, driving, 
electricity usage). 

Professor Commentary
Sticky Note

https://www.watercalculator.org/

Now we’re moving from a society view to an individual view by looking at the water footprint and how much water an individual human consumes. The water footprint is similar to the ecological footprint but looks specifically at water including the amount of water it takes to produce each of the goods and services we use. The water footprint considers direct uses (such as bathing, cooking, and drinking) as well as indirect consumption (like our diet, driving, consumer habits, and electricity usage). We’re going to look at water footprints generally, including trends and how we can reduce them. This will be most helpful if you have your water footprint available to compare.




        
       

  

  
        

     
       

       
    

Blue Water Footprint: The amount of surface water and 
groundwater required (evaporated or used directly) to 
produce an item. 

Green Water Footprint: The amount of rainwater 
required (evaporated or used directly) to make an 
item. 

Grey Water Footprint: The amount of freshwater 
required to dilute the wastewater generated in 
manufacturing, in order to maintain water quality, as 
determined by state and local standards. 

Professor Commentary
Sticky Note
You may notice when we look at the water footprint particular good, that the water is broken down into three categories: blue, green, and gray water footprints. Together, these categories make up the total water footprint. So what are they? Well the blue water footprint is what is withdrawn from surface or groundwater sources – you can think of this water as what comes out of a pipe or tap. Green water is water that comes from rainwater and is primarily relied upon in agriculture. Lastly, gray water is the water that we pollute in the process of making or growing a good and also includes the freshwater needed to dilute this polluted water to safe levels as determined by government standards.




 
 

   
    

   
    

      
  

 

          

Toilet 
24% 

Shower 

Faucet 
19% 

Leak 
12% 

8% 

HOW MUCH WATER DO WE USE? 
Other 

Direct Uses 
• Considers domestic water use. 
• The average American family 

uses more than 300 gallons of 
water per day at home. Clothes 

Washer • Bathrooms are the largest use 
of water in a home; >50% of all 

17% 

indoor water use. 20% 

Source: Water Research Foundation. Residential End uses of Water, Version 2, 2016 

Professor Commentary
Sticky Note
Let’s first look at the direct uses in our water footprint, which are comprised of mainly domestic water usage, and is more easily calculated. In the United States, the average American family uses more than 300 gallons of water per day in the home. If we think about where water use is highest, it may be of no surprise that over 50% of our use is concentrated in the bathroom. After all, nearly all the activities we do in the bathroom requires water. Here’s the breakdown of that 300 gallons: the largest category being toilets at 24% of our usage, next, showers at 20%, faucets at 19%, clothes washer, 17%; leaks, like a leaky faucet or toilet accounts for 12% of our direct water usage, and then 8% in the category “other”. So right away you may see where we can easily reduce our water footprint. Just by addressing leaks in our home, we can reduce our direct water footprints by 12% on average. But how else can we conserve?




  
    

      
            

        
         

     

         
        

            
       
                 

     

Conservation at Home 
• Conduct a home water audit. 
• Take shorter showers/use less water in the bathtub. 
• Turn the water off while you brush your teeth or wash your hands. 
• Check all water fixtures for leaks and fix/replace those that are leaky. 
• Perform a dye test to see if your toilets are leaking. 
• Install EPA’s WaterSense®-approved aerators on your faucets and low-flow 

showerheads. 
• Use a broom to clean your driveway instead of a hose. 
• Use a layer of organic mulch around plants to reduce evaporation. 
• Aerate your lawn. Punch holes in your lawn about six inches apart so water will 

reach plant roots rather than run off the surface. 
• Water your lawn in the morning or evening, rather than in the middle of the day, to 

help reduce water loss due to evaporation. 

Professor Commentary
Sticky Note
Well the best way to start is to conduct a home water audit. Remember, is we don’t measure it, we can’t mange it. Track how much water you use, what is your biggest water activities? We can be mindful and take shorter showers and less baths, turn the faucet off while brushing our teeth or washing our hands, use water efficient appliances, use water saving techniques in gardens and lawns including watering in the morning or not watering at all! Instead choosing to plant drought resistant or native plants that are adapted to your specific climate. 




 

  
  

   
  

  
   

   
 

 

Sustainable 
Design 
Small upgrades and 
changes in habits can 
have big impacts on 
reducing our domestic 
water usage. This saves 
water, energy, and money 
and reduces stress on our 
ecosystems and 
infrastructure. 

Professor Commentary
Sticky Note
We can make water conservation even easier by choosing sustainable design. Installing certified water efficient plumbing fixtures, water efficient appliances, fixing leaks, and using on demand or other efficient hot water delivery will reduce our water footprints. Small upgrades and changes in habit can have big accumulative impacts on reducing our domestic water usage. This saves water, energy, and money, and reduces stress on our ecosystems and infrastructure. 




 
     

      
     

   
   

  

 

Indirect Uses 
• Also known as the virtual water 

footprint 
• Everything we use, wear, buy, sell 

and eat takes water to make, 
transport, and dispose. 
• Diet (>50% water footprint) 
• Energy from electricity and 

transportation 
• Consumer habits 

Professor Commentary
Sticky Note
While we often focus on the direct uses of water in our water footprint, the larger portion is from our indirect or virtual water usage. The virtual water footprint includes everything we use, wear, buy, sell, and eat as well as the water needed to make, transport, and dispose the of waste associated with these products. We’ll break down the virtual water footprint into three categories: diet (which accounts for more than 50% of our total water footprint), energy, and consumer habits. 




 

     
    

   
    

     
    

    

   
    

         
         

         
       

    

Because of the water needed to sustain and feed animals 
over time before slaughter and the processing and packaging 
of these food products, animal products like beef, pork, and 
chickens have a larger water footprint than fruits and 
vegetables. Image credit: Denver Water. 

Dietary Water
Footprint 
• Meat and dairy has a much larger 

water footprint than fruits, 
veggies, and grains. 

• The water footprint varies from 
animal to animal and depends on 
the conditions in which the 
animals (and their feed) are 
raised. 

• The average American 
consumers 222 lbs/year of red 
meat and poultry 

Professor Commentary
Sticky Note
First let’s look at the dietary water footprint. Again, our diet accounts for the largest part of our total water footprint. The is especially true if you eat a lot of meat and dairy since animals products generally have a much larger water footprint than fruits, vegetables, and grains. This is because you need a lot of water to sustain and feed animals overtime before slaughter, as well as water needed for the processing and packaging of these animal products. Each product has its own unique water footprint and the way in which a crop is grown or animal is raised, including the type of feed, also creates variance in the water footprint between products of the same type. All this data is often aggregated and averaged to give us one number for a product. So generally, we can see from this graph that a standard vegetable has a water footprint of 39 gallons per pound, fruits, 115 gallons per pound, eggs 391 gallons per pound and then our meats, increasing from  à chicken, pork, and then beef. Beef is always at the top of list. Regardless of the raising techniques or feed, beef continues to have a significantly larger water footprint than other food products. Maybe surprisingly, shelled nuts also have a large water footprint, surpassing pork even. So they are an exception to the general difference we see between animal and plant-based products.




  
 
  

  
     
        
      

 
       

     
            

          

Reducing Dietary Water Footprint 
• Eat less meat 
• Eat more vegetables 
• Avoid processed foods 
• Choose pasture-raised animal products (meat, dairy, eggs) 
• Reduce food waste (Americans waste ~40% of their food everyday) 
• Choose organically grown foods (reduces surface and groundwater pollution; 

grey water footprint) 
• Eat locally grown foods (reduces water exports and water needed for 

transportation) 
• Eat seasonally and grow your own food 
• Limit coffee and nut products (coffee and nuts have one of the highest water 

footprints of plants. Nut milks still have a lower water footprint than cow’s milk) 

Professor Commentary
Sticky Note
So knowing this information, how can we reduce our water footprint? Let’s start with those products that have a large water footprint themselves. On average, the water footprint of a vegan or vegetarian is about half that of a meat eater. So the most impactful thing you can do is eat less meat. You don’t have to give up meat entirely to make a big difference. Simple changes, like choosing meatless alternatives or a incorporating more plant-based meals throughout the week will shrink your water footprint. That being said, avoiding processed foods will also reduce your water footprint, so focusing on eating whole plant-based foods is best. As well as eating local, seasonally, growing your own produce, and choosing organic options. If you do choose to consume meat and dairy, choose pasture-raised products which has a less intensive water need. Lastly, be mindful of those plant products that have large water footprints, like coffee and nuts, and consider limiting those foods in your diet as well. 






 

     
 

     
    

  
      

     

  
    

     
   
  

          
         

     
         

The Scherer Power Plant in Georgia is one of the largest coal-
fired powerplants in the United States. It operates on the same 
principles as other fossil-fueled electric plants – burning coal to 
boil water for steam to turn turbines and generate electricity. 
Image Credit: Georgia Power 

Energy Production -
Electricity 
• In the US, 90% of electricity is 

generated by thermoelectric 
power plants, which account for 
41% of total water withdraws 

• Water footprint is primarily 
composed of water used to cool 
the steam once it has been used 

• Aquatic ecosystem damage: 
animals killed or injured as water 
is drawn into the plant, thermal 
pollution as water is released 
back into the environment 

Professor Commentary
Sticky Note
Our next virtual water footprint category is energy product. And here we’re going to primarily focus on electricity, specifically electricity that is generated by thermoelectric power plants – which create 90% of the electricity generated in the United States. Thermoelectric power plants require a lot of water. How these plants operate is that they burn a fuel, like coal, to heat water to generate steam, this steam then turns a turbine that is converted to electricity by a generator. However, the bulk of the water footprint for thermoelectric plants comes primarily from the water used to cool the steam once it has been used in the turbine. The cooling water comes from a surface water source like a river and can result in aquatic ecosystem damage as super heated water is discharged downstream from the plant or animals are physically harmed as water is brought into the plant at the intake. 

And though we won’t look at it in depth, gasoline for transportation comes with similar issues. It takes water to mine the petroleum, to transport and refine into gasoline, and each step there is large gray water footprints to mitigate. Not to mention the long term effects of use carbon-based fuels and their contribution to pollution and climate change, of which is changing the water cycle in profound ways. 




  

 
    

   
    

   
   
   

       
   

Reducing Energy Water
Footprint 
• Conserving energy conserves water 
• Make your home as energy efficient as 

possible 
• Choose Energy Star certified appliances 
• Install on-site renewable energy (i.e. 

solar hot water heaters) 
• Drive less and use less gasoline 
• Keep your vehicle properly maintained 
• Car pool, take public transit, or ride a 

bike whenever you can 

Professor Commentary
Sticky Note
So simply, we can reduce our energy water footprint by conserving energy. We can make our homes are energy efficient as possible. Choosing energy star certified appliances and investing in renewable energy. We can drive less, choose energy efficient vehicles, keep our vehicle properly maintained. Carpooling, taking public transit, walking and riding a bike, are all good options.




Item Water  Footprint 
(gallons) 

 
     

      
   

    

   
  
 

  

 

     
      

Car 13,737 - 21,926 

Leather Shoes 3,626 

Smart phone 3,190 

Bed Sheet (cotton) 2,839 

Jeans (cotton) 2,108 

T-shirt (cotton) 659 

Water Footprint of Common Consumer Items. 

Consumer Habits 
• Americans shop a lot, and as a 

result, have one of the highest 
water footprints in the world. 
• Reduce, Reuse, Recycle (in 

that order) 
• Donate whatever you can 
• Buy quality, reusable products 
• Buy second hand 

Sources: Berger et al, Friends of the Earth/Trucost, Water Footprint Network 

Professor Commentary
Sticky Note
Lastly, we have our consumer habits. We’ve seen up until this point that the average American lifestyle – the way that we eat and live – give us one of the largest water footprints in the world. Our shopping habits is are another big reason for this. The goods that we buy everyday take a lot of water to produce. A cotton t-shirt’s water footprint is 659 gallons! Cotton jeans – 2,108, A smart phone - 3,190 gallons, and a car can range from 13 thousands to over 21 thousand gallons. This is a lot of water. So the best thing we can do is to go back to basics and think of the three r’s – reduce, reuse, and recycle – in that order. Using what we have for longer and only buying new when we absolutely have to. And when we do buy new to buy quality items that have a long life span. When it’s time to let go our our items, we should reuse, recycling and donating whenever we can. And don’t forget the second hand market where we can find like new items that fit our needs for a fraction of the price.  
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Professor Commentary
Sticky Note
This graph describes the water footprint from select countries as water usage in gallons per person per day. As we mentioned, the United States has one of the largest per capita water footprints in the world. Only the United Arab Emirates exceeds us. This is in large part because of the factors we described before – our privilege and wealth allows us to purchase lots of goods, eat lots of water intensive foods, and use a lot of electricity. It also helps that the United States has a lot of surface and ground water resources naturally occurring within our borders. But if we looks at China, who also has a lot of water resources – their average daily per capita footprint is only 775 gallons. That’s about 1/3 of an American’s. 

It is interesting to look at this comparison by country and notice how differences in culture and naturally occurring water resources can have an impact on our water footprint. But with current UN projections estimating that global water demand will outstrip supply by 40% by 2050, we know we need to change our habits. We’ve looked at different ways we can reduce our water footprint, so what should our goal be? Perhaps the global average is a good place to start. The global average is 1,002 gallons per person per day, still half of the average American’s. But we’ve already seen an easy way to half our water footprint – which is to adopt a vegetarian or vegan diet. But we can achieve this number in a variety of ways. So I challenge you to play with the water footprint calculator, and see what changes you would have to and are willing to make to reach this global average. 




  Recognize the 
limitations and 
challenges that exist for 
protecting and managing 
freshwater resources. 



 
      

   
   
   

 
  

   
 

  

 
    

     
    

   

    
     
  

Water Quality 
• The measure of suitability of 

water for a particular use 
based on selected physical, 
chemical, and biological 
characteristics (USGS) 

• Regulated by the U.S. EPA 
based on the Safe Drinking 
Water Act (SDWA) 

Water Quantity 
• The timing and total yield of 

water from a watershed 
• Too little = drought 
• Too much = flood 

• Human influence 
• unsustainable withdraw 

from surface and 
groundwater sources 

• polluting water sources 

Professor Commentary
Sticky Note
The numerous challenges for protecting and managing our freshwater resources can be divided into two major groups – issues with water quality and issues with water quantity. 

Technically speaking, water quality is “the measure of suitability of water for a particular use based on selected physical, chemical, and biological characteristics”. This is a very scientific way of thinking about about water – breaking it down into its component parts. But essentially, we’re thinking about water that is clean and isn’t contaminated with either chemicals or microorganisms that will get us sick if we drink, cook, or bath in it. In the US, water quaintly is regulated by the US Environmental Protection Agency and the US Clean Water Act. 

The other category is Water Quantity which is the timing and total yield of water from a watershed. Plainly, we need the right amount of water at the right time to meet the needs of humans and the ecosystem to function. Too little water and we call that drought. Too much we call flood. Humans can also influence water quantity, either by unsustainable withdraw from surface and groundwater. Or by polluting our water supplies, often because of the lack of sufficient sanitation facilities to treat waste water and safely dispose of human waste. 

And of course, climate change is shifting the water landscape for many regions. We’re seeing dry regions become drier and wet regions become wetter – increasing droughts and floods.  Additionally, a changing climate impacts the quantity and quality of our water supply through changes in precipitation and temperature, decreases in snowmelt, and rising sea levels.




  
    

 

  
     

      

 
    

    
 

Physical water scarcity 
Use of water is exceeding 
sustainable limits. 

Approaching physical scarcity 
>60% of river flow withdrawn; likely 
to face water shortages in the near 
future. 

Economic water scarcity 
Access to water is limited by the 
ability to pay for it, not by its 
physical scarcity. 

Professor Commentary
Sticky Note
The natural distribution of water – primarily thinking about rainfall – is highly variable across the globe. Deserts for instance receive far less water than rainforests so those living in deserts will naturally have more issues with water scarcity.

The graphs on this slide describe water scarcity by country or region. The top graph specifically looks at physical and economic water scarcity. With the dark green being those regions with little or no water scarcity. The medium blue describes physical water scarcity, which is where the use of water is exceeding sustainable limits. The lightest blue describes regions approaching water scarcity which is when more than 60% of river flow is withdrawn and the region is likely to face physical water scarcity in the near future.

Sometimes water is physically present but infrastructure and systems are not set up for clean water to be readily accessible to human populations. This is referred to as economic water scarcity and is shown on the graph as the dark blue. Economic water scarcity can refer to the inability for people to pay for wells to physically access water or the ability to pay for the decontamination of polluted waters. In developing nations, funding for basic sanitation is scarce. People use nearby surface water to meet their basic cooking, bathing, and drinking needs. These same waters are often contaminated with raw sewage or dangerous pathogens, and in places where physical water scarcity is also an issue, contaminants can be highly concentrated making it very dangerous for those living there.

According to the World Health Organization, more than 300 billion gallons of raw sewage enters the Ganges River in India each day. In Africa, almost 3,000 people die each day from preventable waterborne diseases like cholera and typhoid fever. Both of these issues derive from lack of sufficient sanitation infrastructure. 

And as human populations increase, so will water scarcity and sanitation issues. the United Nations estimates 2 out of 3 people will face water shortages by 2025. 

Assuming we have 8 billion people on Earth, that’s 5.3 billion people that will face water shortages in the near future. This will inevitably lead to conflict as communities and nation fight for control of adequate water resources. 

So! What can we do?




 
    

   
 

    
   

   
 

Scarcity By Pollution 
Groundwater is nearly 
impossible to clean once 
it has been polluted. 
Common contaminants 
include salt water, oil 
spills, methane gas, 
bacteria, barnyard runoff, 
pesticides and fertilizers. 

Professor Commentary
Sticky Note
Well one strategy we’re seeing is that communities are starting to rely more on ground water. But it is important to recognize that groundwater is not safe from contamination. Contamination of groundwater is a serious problem around the world. Industrial and agricultural activities are major sources of contaminants, but households are equally important sources.

Groundwater moves so slowly that problems take a long time to appear. Because of this, and because it is so expensive to clean up a contaminated aquifer (if it can be done at all), it is preferable by far to prevent contamination from happening in the first place. For example, leaking underground storage tanks can be replaced by tanks that will not corrode; landfills can be sited in locations where leachates will not contaminate underlying groundwater; and the impacts of spills of hazardous materials can be reduced by restricting access to recharge areas. This means regulating industry to enforce proper disposal of waste materials. 

Yet, the most common water-quality problem in rural water supplies is bacterial contamination from septic-tank effluent. A recent nationwide survey by the U.S. Environmental Protection Agency and Cornell University found that contamination of drinking water by septic effluent may be one of the foremost water-quality problems in the Nation.




 
  

    
   

    
   

  
   

    

Scarcity Though 
Unsustainable Use 
Removing water faster than 
the aquifer is replenished 
causes a lowering of water 
table. Nearby wells can be 
impacted by each other’s 
cones of depression, causing 
shallow wells to run dry. 

Professor Commentary
Sticky Note
Ground water can also become scarce through unsustainable use. Removing water faster than the aquifer is replenished causes a lowering of water table. The large withdraw forms a “cone of depression”, that can impact nearby wells and causing more shallow wells to run dry. 

So why don’t we just all dig deeper wells? 




 
   

 
  

  

 

     

Deeper wells may 
not always be the 
solution. 
The deeper the 
aquifer, the longer 
the recharge time. 

Direction and rate of groundwater movement. 

USGS. Public Domain. 

Professor Commentary
Sticky Note
Well again remember the recharge rate of aquifers. The deeper the aquifers, the longer it takes for the aquifer to recharge. These deep aquifers that we have come to rely on will take hundreds or even thousands of years to fill back up. So simply from a hydrology perspective, deeper wells may not be the solution. 




        

 
  

 
 

 

  
   

  
  

  
    

 
  

Credit: The National Environmental Education and Training Foundation (NEEF). 

• More than 50% 
of the US 
population lives 
near the 
coasts. 

• Since 1880, 
global sea level 
has risen about 
8 inches. 
Scientists 
expect global 
sea level to rise 
another 1-4 
feet by 2100. 

https://www.neefusa.org/
Professor Commentary
Sticky Note
Communities by the ocean face their own unique issues. A typical well nearby the coast taps into the freshwater layer of the aquifer. Dig too deep and you’ve tapped into the saltwater portion of the aquifer. Over draw, and instead of a cone of depression, you draw salt water into the well – this is referred to as saltwater intrusion. Another increasingly common cause of saltwater intrusion is sea level rise. Sea level rise is changing the hydrology of our coastal communities by shifting the sea water/freshwater barrier further inland. Since 1880, global sea level has risen about 8 inches. Scientists expect global sea level to rise another 1-4 feet by 2100. With over 50% of the US population living near the coast, this issue is a major threat to our freshwater supply. 




 
     

  
  

  
  

  
    

     
  

Desalination Plants 
• Removes salt from saline water to 

create potable water 
• Very expensive and energy intensive 
• Rainfall-independent water source 
• Currently 16,000 operational plants 

located across 177 countries 
• Supplies 1% of global drinking water 

Reverse osmosis desalination plant in Barcelona, Spain 
Image by James Grellier, CC BY-SA 3.0 

Professor Commentary
Sticky Note
Luckily, we do have some technology that can help us manage the amount of potable water in a coastal region. Pictured here is the inside of a desalination plant in Spain. Desalination plants use reverse osmosis to remove salt from saline water, like ocean water, in order to create freshwater. These plants are particularly prevalent in countries located in arid regions – like the Middle East, Africa, Australia, and even California. These plants are also becoming an important source of water in Small Island Nations. A downside is that desalination plants are very expensive and energy intensive, so we often see them in more wealthy nations that can afford to invest in the infrastructure. Today there are about 16,000 operational plants around the world which supply about 1% of the global population with drinking water. 

Unfortunately, the desalinization process produces a highly concentrated brine waste product which is toxic and must be responsibly disposed of. Managing the waste is an added cost that comes with the technology. 




 
     

   
     

       
   

     
    

   
      

     

  
  

  
  

  
 

Raw sewage 
can be 
transformed to 
reclaimed water 
through several 
treatment steps. 

Wastewater Recycling 
• AKA reclaimed water, recycled water, 

wastewater reuse, water reclamation 
• The process of converting wastewater into 

water that can be used for other purposes 
(irrigation, aquifer recharge, industry) 

• Using reclaimed water for non-potable uses 
saves potable water for domestic purposes; 
alleviates pressures on natural water bodies. 

• Long established practice used in arid 
countries; implemented in California since 
the 1930’s 

Professor Commentary
Sticky Note
Communities that use desalination technology often also rely on wastewater recycling. Wastewater recycling is known by several names, including reclaimed water, recycled water, and wastewater reuse. All these terms refer to the same process of converting wastewater into water that is suitable for other purposes, like irrigation, industry, and aquifer recharge. The wastewater we are referring to is often raw sewage – which includes all used water from our homes and businesses, and in some cases, the storm water that flows into sewers after it rains. Turning raw sewage into reclaimed water requires the wastewater to go through several treatment steps but after treatment, the water can even be clean enough to drink. More often though, the water is treated to a clean but non-potable state that can be used for non-potable purposes like maintaining landscaping and golf courses, and irrigation for crops.

The practice of artificially recycling water has been long practiced in arid regions as a strategy to manage water scarcity. In California, they’ve been recycling wastewater since the 1930’s. 

If the thought of drinking someone else’s waster water grosses you out, it shouldn’t. 




  
 

All water is 
recycled 
wastewater. 

Professor Commentary
Sticky Note
Because all water is recycled wastewater. On Earth we have a finite amount of water that is continuously being moved through the water cycle. So, one person’s drinking water is always another person’s wastewater – at one time or another. It’s just that we are so removed from the process that this may not be obvious. In the great lake's region, communities withdraw water from the lakes, send it to a water purification facility, then send it to homes. We use it and the water then flows through pipes to a wastewater treatment plant, where it is cleaned and discharged back into the great lakes.




Professor Commentary
Sticky Note
Here is a real-world example of a wastewater treatment process. This plant is located in King County Washington south of Seattle. It is important to note that each treatment plant is unique in the technology that it employs, and many will not have a gas recycling component like this plant happens to have. Even plants servicing the same city can differ significantly from each other. What all plants in the United States have in common however are three general treatment stages. 

The first stage is called primary treatment which removes suspended and floating particles by a mechanical process. Solids are then diverted to their own treatment line of which often involves anaerobic digestion and removing as much water as possible before eventually disposing of the solids by burning, land application, or landfilling. 

Back to the water we have our second treatment stage whish is rightly referred to as secondary treatment. Secondary treatment reduces the water’s biological oxygen demand by using microorganisms to decompose suspended organic material. This often involves aeration and clarifying tanks and target those particles that were to small to be screened out in the primary treatment stage. 

Last, the water will go through a tertiary stage which uses a variety of methods to reduce the nitrogen and phosphorus concentrations in water. These methods can include chemical treatment, further biological treatment, or physical processes like sending the water through a sand or carbon filter. 

After these three stages of treatment, we should have water that is safe to discharge back into the environment. This may be water that is fully recycled and potable – which can be pumped back into homes. But more often the water that comes out of a wastewater treatment plant in non-potable and is discharged to surface or ground water sources. 

Primary Treatment – removes suspended and floating particles by mechanical process
Secondary Treatment - reduces the water’s biological oxygen demand by using microorganisms to decompose suspended organic material
Tertiary treatment – using a variety of chemical, biological and physical processes reduce phosphorus and nitrogen concentrations




  
 

  

Jardine Water 
Purification 
Plant, Chicago, 
Illinois (USA) 

Professor Commentary
Sticky Note
After water is discharged back into the environment, it be picked back by a water purification plant. This is the Jardine Water Purification Plant which serves Chicago, Illinois. It sources its water from Lake Michigan and takes it through a multistep process to create purified drinking water that is sent to Chicago residences as part of the public supply. 




     
             

             
             

       
             

      
       

             
           
       

              
         

             
           

Water Purification Process to Make Tap Water 
1. Freshwater flows from a reservoir (e.g., Lake Erie, Lake Michigan) through screens that remove large 

debris. 
2. Chemicals are added to cause the coagulation of particles contained within the water. These chemicals, 

called coagulants (e.g., aluminum sulfate or alum), cause particles to clump together and settle out, 
allowing them to be removed from the water. 

3. Water is softened by adding sodium carbonate (or caustic soda) and lime to remove calcium and 
magnesium ions that cause water to be hard. 

4. Coagulation and/or semination process may be repeated to remove particles. 
5. Carbon dioxide gas is be bubbled into the water to bring the pH to around 7.8. 
6. Water passed over filters containing granular activated carbon to remove organic matter and particles. 
7. Water is passed over sand filters to remove particles and organic compounds. 
8. Chlorine is added to disinfect, fluoride is added to protect teeth, corrosion inhibitor is added to protect 

water from lead (Pb), and the pH is adjusted with NaOH. 
9. This finished water is pipped to homes and businesses. Water leaving the plant must meet the standards 

set forth by the Safe Drinking Water Act and enforced by the EPA. 

Professor Commentary
Sticky Note
Inside the water purification plant, we have a lot going on. 



  
   

    
      

   
   

   
   

     
 

     
   

    
     

    
   

Different Types of Filters are used to 
Produce Filtered Water 

Sand Filters 
Water travels slowly through 
tanks or columns of fine sand, 
coarse sand and gravel. 
These act to filter (i.e., clean) 
contaminants from the water. 
Water purification plants use 
sand filters that are thousands 
of times larger than this one. 

Granular Activated 
Carbon Filters 

The activated carbon is made from 
organic materials such as coal or 
coconut shells placed in columns and 
the water is passed through the 
columns. The carbon absorbs and 
removes organic material from the water. 

Professor Commentary
Sticky Note
Here are those two types of filters often used to produce drinking water. 
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Filtered Water 

Purified 
Tap 
Water 

Final Step: Chemicals are added to 
finished drinking water before it is sent 
out to homes to be used as drinking 
water. This water meets the standards set 
by the Safe Drinking Water Act (SDWA). 

Professor Commentary
Sticky Note
The final step involves chemical treatment. Here is an example of the many kinds of chemicals that are used to treat filtered water. (read slides)

This is the water that we use in our homes for drinking, bathing, cooking, and all the other various household uses. So, is tap water safe to drink? In short, yes. It is safe to drink. But with some caveats. 




       
             

        
            

        
 

        
           

      
          

          
            
         

Safe Drinking Water Act (SDWA) Protects our Tap Water 
• Signed into law in 1974 and amended several times in the 1980’s and 1990’s. The 

EPA sets water standards and is responsible for enforcement of the law. 
• It is intended to protect drinking water from some 1) disinfectants, 2) disinfection 

biproducts, 3) inorganic chemicals, 4) microorganisms, 5) organic chemicals, and 
6) radionuclides 

• The act does NOT regulate all contaminants. Thousands of different compounds 
from human activities and commercial products can be found in our water. These 
contaminants include pharmaceuticals, pesticides, herbicides, cleaning products, 
personal care products, soaps, cleaning agents, plastics, rubber, fuels, etc. 

• These new contaminants are present at very low concentrations (i.e., ppm or ppb) 
in the water we drink. Toxicologists don’t know the impacts to human health when 
we expose ourselves to these low concentrations of contaminants overtime or in 
combination. 

Professor Commentary
Sticky Note
To understand why, let’s look at the Safe Water Drinking Act which protects our tap water in the United States. (read slide)

Again. We don’t know what will happen to humans who are chronically exposed to 10 or 20 or 30 different pollutants. Its too difficult to determine what impacts this will have on health. The original Safe Drinking Water Act and Clean Water Act were passed in the 1970s long before we even had many of these chemicals. So scientists and engineers are constantly trying to keep up to determine what’s in our water, how to clean it and if it is safe for humans.

The U.S. Clean Water Act requires the Environmental Protection Agency (EPA) develop criteria for determining when water has become unsafe for people and wildlife using the latest scientific knowledge.

The EPA monitors and maintains the quality of the USA’s drinking water (tap water) and ensures that the water is within legally acceptable limits. This protects human health. This is a relatively simple process: scientists take samples of drinking water and test for contaminants. If a new contaminant is found, additional scientific studies can be conducted to discover the safe limit and this information is added to our national drinking water regulations. 




 
  

  
 

  
   

   
  
  
 

National Primary 
Drinking Water 
Regulations 
• Established standards for 

drinking water 
• Legally enforceable and 

apply to all public water 
systems in the United States 

• Protect public health by 
limiting contaminants in 
drinking water 

Professor Commentary
Sticky Note
These standards are divided into two categories: primary and secondary. The National Primary Drinking Water Standards is the list of all established standards for drinking water. They are legally enforceable at the federal level and so apply to all public drinking water systems in the United States. These standards aim to protect public health by limiting contaminants in drinking water. The image here shows the first half page of the report. 




 
  

  
 

  
   
  

  
    
    

   
   

   

  

 

  

  

National Secondary 
Drinking Water 
Regulations 
• Additional guidelines for 

drinking water 
• Not federally enforceable; 

some states may choose to 
adopt them as enforceable 

• Focus on contaminants that 
result in cosmetic (e.g., skin 
rash, tooth discoloration) or 
aesthetic (e.g., color, odor, 
taste) effects in drinking water 

Contaminant Secondary Maximum Contaminant Level 

Aluminum 0.05 to 0.2 mg/L 

Chloride 250 mg/L 

Color 15 (color units) 

Copper 1.0 mg/L 

Corrosivity Noncorrosive 

Fluoride 2.0 mg/L 

Foaming Agents 0.5 mg/L 

Iron 0.3 mg/L 

Manganese 0.05 mg/L 

Odor 3 thresholds odor number 

pH 6.5 – 8.5 

Silver 0.10 mg/L 

Sulfate 250 mg/L 

Total Dissolved Solids 500 mg/L 

Zinc 5 mg/L 

Professor Commentary
Sticky Note
The National Secondary drinking water standards are additional guidelines for drinking water. These contaminants are named because they impact cosmetic or aesthetic qualities or drinking water. They are not federally enforceable, but some states may choose to adopt them as enforceable. The table here lists all the secondary contaminants currently included in the secondary standards. 

Given all the standards and contaminants in our water, monitoring and maintaining the quality of our lakes, estuaries, oceans, rivers and streams is a difficult task. In fact, its impossible to know all the contaminants that are in our nation’s waters because if we don’t know to look for something, we can’t measure it, and therefore we can’t manage it. This makes it almost impossible to ensure that the waters in our lakes, rivers and streams are safe for humans and wildlife. A major source of the water pollution is from what’s called runoff pollution, which is pollution from storm sewers, agricultural land, urban landscapes, neighborhoods, roads, construction sites and mining operations. Water running off from these sites are not being treated and so any contaminates present all ends up in our surface and ground water supplies.

So as time goes on and more scientific data is collected, we should expect to see more contaminants added to these primary and secondary standards. 





