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What makes water unsafe?

 The most important
things that make water | : e o
dirty and unsafe include ‘

Suburban developmeont

« Solids from soll AEESANEES
« Micro-organisms from | |
wastewater, garbage, soll|

+ Chemicals from houses, |3
streets, industries and far|m= ==




How do you tell if water is not clean?

* By using our senses
e color
e smell
. taste

e But not all contaminants can be
detected using our senses

Therefore, we need to do water
qguality tests



Common contaminants in water

- Physical sediment or organic material suspended In
the water

- Chemical: nitrogen, salts, pesticides, metals, and
human or animal drugs

- Biological (microbiological). bacteria, viruses,
protozoan, and parasites

- Radiological: plutonium, uranium, radon



If you put clean water
in a dirty container,
the water is dirty.

Pollution

e #1 cause of fresh water
pollution worldwide is lack

of sanitation.

* 15% of the worlds population
lacks access to clean water

e Billions of gallons of wastewater
are being dumped into freshwater
sources every day.
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x 500,000

Water polluted with untreated waste is the
#2 killer of children worldwide.

Cholera, | | f/
diarrhea, and 2 R
parasites are

contracted

through
contaminate
d water.

#1 is respiratory infections (WHO)



From CSI to ESI

Environmental Scene Investigators
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1. Which well was the source of a London epidemic?
2. Who Killed the River?
3. The Waterville Mystery



Mapping a London Epidemic

Part 1. Read the text and use the map to answer questions 1 and 2.

In 1854, in a single ten-day period, 500 people suddenly died in London, England. And they all died
of the same iliness in a single section of the city. The cause of death was determined to be cholera, a
severe infection of the small intestine. What was the source of this disease? How was it spreading?
A physician named John Snow was determined to find out.

Dr. Snow began by drawing a map of the afflicted part of the city, a district called Soho. On this map
he marked the home of each victim with a dot. This produced a map similar to the one below.
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1. What does each dot represent?
2. Describe the pattemns shown on the map. Where are most of the cholera deaths concentrated?

T CoefEoe T Sorharpin B Loen SCALE 30 INOHES TO A MILE,

Mapping a London Epidemic

Cholera Epidemics in Victorian London Facts, Worksheets & Causes



https://schoolhistory.co.uk/industrial/cholera-epidemics-in-victorian-london/
https://education.nationalgeographic.org/resource/mapping-a-london-epidemic/

Mapping a London Epidemic, continued :
Part 2. Read the text and use the map below and the map from Part 1 to answer questions 3-5. WhICh pump handle

Thinking that drinking water might be carrying the deadly germs, Dr. Snow drew a map of the pumps ?
that supplied Soho's drinking water. At the time, running faucets and tap water were not available in Id
thehome.Inson\eneighbahwdsdwidm.people?rewwaterﬁomabwmnpammitto Wou remove :

their homes.

Why?

3. Look at the information on both maps. Which pump do you think might have had cholera-
infected water? Why? Write your answer. Then mark the location of this pump on the first map.

Dr. Snow convinced the London authorities to tum off the suspected pump. The number of cholera
deaths immediately declined, almost to zero.

4. Why would Dr. Snow have combined the information on the two maps into one map to present
his findings to authorities?
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John Snow’s interviews with residents revealed that the water from that well had

a bad taste so people near it were going to the Broad street pump to get their
drinking water.
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Beer was much safer to drink than water.
Brewery also had its own private well.
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People in this area evacuated at the start of the outbreak. John Snow
would not have known this without an “on the ground” investigation.
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From CSI to ESI: Who killed the river?
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What do you see? What do you think? What questions do you have?




Step 1
Becoming a Detective

*As a detective, your job will be

to explore the following
documents to determine who or
what killed the Nashua River.

*The Nashua River is located in
northern Massachusetts.

In the 1960's, the Nashua River's pollution could be smelled long before reaching the river's

banks.
(NRWA Archives)



Nashua River

https://earth.google.com/web/@42.71564655,-
71.51303715,65.691182643,34181.23914254d,35y,0h,0t,0r,



https://earth.google.com/web/@42.71564655,-71.51303715,65.69118264a,34181.23914254d,35y,0h,0t,0r/data=ChMaEQoJL20vMDQ1cjNyGAIgASgC
https://earth.google.com/web/@42.71564655,-71.51303715,65.69118264a,34181.23914254d,35y,0h,0t,0r/data=ChMaEQoJL20vMDQ1cjNyGAIgASgC

Step 2: Investigating the Evidence:
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The Nashaway were a tribe of Algonquian Indians inhabiting the
upstream portions of the Nashua River valley in what is now the northern
half of Worcester County, Massachusetts near Mount Wachusett.




From CSI to ESI: Who killed the river?
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Have any of your questions been answered?
What questions do you have now?



the eastern coast. Native Americans traded furs, deer hides, and meat for iron
tools, wool blankets, colorful cloth, and guns.



The growth of settlements along the Nashua led to fights between settlers and
Indians. Settlers fenced land and cut down forests. They hunted and killed more
animals than needed for survival in order to sell pelts to be sent to England.



The Industrial Revolution impacted settlements in North American into the 19t
century. America’s economy grew as new industries formed. New machines
for making cloth and paper dumped their waste into the Nashua River.



From CSI to ESI: Who killed the river?
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Have any of your questions been answered?
What questions do you have now?



Extra Activity: Technology and Development of the Market

Economy

Technology in the New Nation

SS.5.E.1.3 Trace the development of technology and the impact of major
inventions on business productivity during the early development of the
United States.

https://sunnymoney.weebly.com/5.html

The Market Economy

SS.5.E.1.2 Describe a market economy, and give examples of how the
colonial and early American economy exhibited these characteristics.



https://sunnymoney.weebly.com/5.html

The polluting of the Nashua
River caused it to run more
slowly. Over time, pulp
clogged the river, fish died
and the dark and dirty river
smelled bad. Birds no longer
came to the river.



Investigate evidence in the
next slides

Descriptive Questions:
Who, What, When, Where

Analytical Questions:
How, Why



Observe, Inter, Ask Questions

Exhibit 1: A mat of
paper sludge from
local mills

floating on the
Nashua River in the
1960's

(NRWA Archives)
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Exhibit 2: Yellow
dye pollutes the

Nashua River in the
1960's

(NRWA Archives)
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Exhibit 3: Barrels
that contained
chemicals for
making paper
dumped at the
river's edge.




Observe, Infer, Ask Questions

Exhibit 4: Paper mill i 6.

refuse, Nashua '

River flood plain, DoWnstream Exposed pipe
Leominster, MA frOm a from factory INtO

(Photo by Jack Swedberg) facto ry. river



From CSI to ESI: Who killed the river?

e <Si——
J_;,]:.'
"—7;:' '_“..qo-'; -

-{-.ﬁ’-

> -

Have any of your questions been answered?
What questions do you have now?



Who will save the river?




NRWA Historical Highlights

The restoration of the Nashua River launched the Nashua River Watershed Association into an international
spotlight, a prime example of collaboration to accomplish a goal for the betterment of all society. The
Association’s | eadership and approach to protecti ng
protecting both land and water throughout the region, continues to be recognized by federal, state, and local
governmental leaders, as well as by leaders in the fields of environmental protection and environmental

education.

Polluted Nashua One I.arge Cesspoo
Area Paper Mills

Use River as Sewer .
What questions do

you have now?

Mer. Hogh Stoddart of Groten, leader of drive to closs Nushas River

Marion Stoddart led the movement to restore the highly

polluted Nashua River.
(NRWA Archives)

In the 1960's, the Nashua River's pollution could be
smelled long before reaching the river's banks.
(NRWA Archives)


https://nashuariverwatershed.org/what-we-do/protect-water-and-land/overview.html
https://nashuariverwatershed.org/component/content/article/9-what-we-do/115-provide-education.html?Itemid=228
https://nashuariverwatershed.org/component/content/article/9-what-we-do/115-provide-education.html?Itemid=228

Who Saved the River?

https://www.youtube.com/watch?v=0Q3j4 HQJ4o

Stop video at 2:30

In 1965, the U. S. Congress passed the
first Clean Water Act. The next year,
Marion Stoddart coordinated a successful
citizen campaign that led to the passage
of the Massachusetts Clean Water Act of
1966.


https://www.youtube.com/watch?v=OQ3j4_HQJ4o
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Marion traveled to cach town along the Nashua. She spoke
of the river’s history and of her vision to restore it. “No longer
do we have a river —it’s a stinking, smelly sewer. But it wasn't
always this way.”

People listened and imagined a sparkling river, full of fish.
They imagined pebbles shining up through clear waters. They
signed petitions and sent letters. They protested to politicians
and showed them jars of dirty water. They convinced the
paper mills to build a plant to process the waste. They
persuaded the factories to stop dumping. Finally, new laws
were passed and the factories stopped polluting.
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What questions do you have now?
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Slowly, slowly, the Nashua's current began to clean its
water. Year by year the river carried away the dyes and fiber to
the ocean. Marion and Oweana thanked the people who had
helped to clean the Nashua.

Through the meadows, towns, and cities, the Nashua once

again flows freely. Paper pulp no longer clogs it. Chemicals no
longer foul it.

Now we walk along its banks and row upon its fragrant
waters. We can set our boats upon it and with its current, drift
downstream.




Saving the Nashua River

In the early 1960s there were no laws regulating the way waste from
industry was disposed of on either the state or federal level in the United States. By
the mid-1960s there was some preliminary legislation to regulate the pollution of
waterways, but as yet no laws on the state level. In the 1960s, when Stoddart
began to organize to save the Nashua River, it was one of the ten most polluted
rivers in the US.E

In 1962 the Stoddarts moved from Nevada to the small community
of Groton Massachusetts with their three children.l4l Their home in Groton was only
three quarters of a mile from the Nashua River, which by then was already known
to be highly polluted, and even dangerous. To address the problem, Stoddart
enlisted the help of thousands of ordinary citizens to form a Nashua River Clean Up
Committee. She also met with Massachusetts Governor John Volpe, Fitchburg
Mayor William Flynn, and executives of the paper mills that were polluting the river.
Through her tireless efforts Stoddart was able to get the first anti-water pollution bill
enacted by any state in the US: the 1965 Massachusetts Clean Water Act.2!

St - Oad did - F L2 7Sy~ "Wa0 ko -2d | T da: s R 12 50 S B0 P Wik T Rt e - Dial S a Tl
founded the Nashua River Watershed Association. This organization helped to
further protect 174 miles of the river and its major tributaries.3!

Marion Stoddart - Wikipedia



https://en.wikipedia.org/wiki/Marion_Stoddart#cite_note-American_Rivers-3
https://en.wikipedia.org/w/index.php?title=Groton,&action=edit&redlink=1
https://en.wikipedia.org/wiki/Marion_Stoddart#cite_note-Sentinel_and_Enterprise-4
https://en.wikipedia.org/wiki/John_Volpe
https://en.wikipedia.org/wiki/Marion_Stoddart#cite_note-American_Rivers-3
https://en.wikipedia.org/wiki/Marion_Stoddart#cite_note-American_Rivers-3
https://en.wikipedia.org/wiki/Marion_Stoddart#Saving_the_Nashua_River

Nashua River, 1962

Summary of the
Clean Water Act

https://www.epa.gov/laws-

regulations/summary-clean-water-

act

https://ejatlas.org/print/nashua-

river-pollution-usa



https://www.epa.gov/laws-regulations/summary-clean-water-act
https://www.epa.gov/laws-regulations/summary-clean-water-act
https://www.epa.gov/laws-regulations/summary-clean-water-act
https://ejatlas.org/print/nashua-river-pollution-usa
https://ejatlas.org/print/nashua-river-pollution-usa
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The citizens in Waterville have been complaining that their drinking water tastes bad! The town is very
small so most people have their own private wells. This includes businesses and schools too!

Clue #1: Scientists have tested the water from several wells in town, and found that the ground
water has been contaminated with some kind of fuel! Oh no!

1. Fuel leaking out from
oil truck delivery/transfer

3. 9’;/ l:\ 3. Fuel leaking
£ R, 8 from pumping gas
s (’ ’ < pumping g
‘ n@@g into acar!
3. U
¢ e
FUEL TANK o Represents pollution

2. FUEL TANK

m - Fuel leak due to storage tank leak!

What is this? ~ fuel leaks can enter
What is this? ground and pollute

QUES- E TION: aquifer and groundwater
How does pollution happgn at the point labelled 1?7 Give one example & Draw_ it. )
Good work, Detective. Now we know how the fuel might have leaked into the water supply. Let’s assess the damage. What

guestions can you ask?
STUDENT QUESTION: How many contaminated wells are there?
STUDENT QUESTION: How did the fuel leak?
Teacher questions: What fraction of all the wells are contaminated? What percentage of wells in the town are contaminated?




Clue #2: The mayor has told you that there are three fuel companies in own that may be responsible
for contamination. Take your highlighter and find the three companies.

The mayor has provided you with a special map of the town. Here it is below:

The map that they mayor gave you is a called a . 7
topographic map with contour lines. k@ o ioft
A
(R 0@ 208177
What do you see (observe)? = o 0
Yy . ( ) ___1 2 I [
What questions do you have? @ S Jo &

STUDENT QUESTION: What does “topographic” mean?

STUDENT QUESTION: What do ‘contour lines” represent?

STUDENT QUESTION: In which direction does ground water flow on
the map? \
Teacher direction: With your pencil, try and draw ONE loop around
all the contaminated wells.

STUDENT QUESTION: What do you think the area inside the loop
represents?

=y
—{i

@Conrumnared Wel

' .Unconmmmted Well

e




We have spoken to all three fuel companies.... And all three

fuel companies say they have chec
storage tanks and are not responsi
NEED YOU TO HELP US FIND WHO

ked their underground
ole for any leaks. WE

REALLY DID IT!

As detectives, create a list of questions that you can use to

solve this mystery.
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