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Recreational water quality standards: Recreational water quality standards: 
Fecal Indicator BacteriaFecal Indicator Bacteria

•• 19001900--1970: Total coliform 1970: Total coliform 
bacteria bacteria 

•• 19721972--1986: Fecal coliforms 1986: Fecal coliforms 
Epidemiological and water Epidemiological and water 
quality studies were conductedquality studies were conducted

•• 19861986--Present:  Present:  E. coliE. coli or or 
enterococci enterococci (freshwaters); (freshwaters); 
enterococci enterococci (marine waters)(marine waters)

ColiformColiform bacteriabacteria

Fecal Fecal coliformcoliform bacteriabacteria
E. coliE. coli

Pathogenic Pathogenic 
E. coliE. coli

Indicators shouldIndicators should

1.1. Indicate human pollutionIndicate human pollution
2.2. Not multiply in natureNot multiply in nature
3.3. Be short livedBe short lived
4.4. Easy to countEasy to count

Problem: Other factors influence Problem: Other factors influence 
indicator bacteriaindicator bacteria

River outfallsRiver outfalls

NearNear--shore processesshore processesShore birdsShore birds

Sand and algaeSand and algaeSoilSoil

Forest soils are a source of Forest soils are a source of E. coliE. coli

Exclosures within Indiana Dunes State Park 
sampled for 10 months;   E. coliE. coli was ubiquitous was ubiquitous 
and persistent in Dunes Creek forest soilsand persistent in Dunes Creek forest soils

Dunes Creek impactsDunes Creek impacts
beach water qualitybeach water quality

RR
SignificanceSignificance

E. coli E. coli 
relationshiprelationship

0.3190.319
<0.0001<0.0001

West SideWest Side
vs.vs.
Dunes CreekDunes Creek

0.4030.403
<0.0001<0.0001

East SideEast Side
vs.vs.
Dunes CreekDunes Creek

0.2910.291
<0.0001<0.0001

East Side East Side 
vs.vs.
West SideWest Side

Dunes Creek Outfall
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Burns Ditch outfall at Ogden Dunes
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Lake Michigan

swash zone
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E. coli E. coli concentrations in sand can be concentrations in sand can be 
significantly higher than in beach watersignificantly higher than in beach water

Partial R,  45cm water vs Shore Sand = 0.501***

Partial R Offshore vs Shore Sand = 0.259*
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LOCATION

95 % C.I.
45 cm water 

Offshore Water

Foreshore Sands

E. coli in sand may cause 
beach advisories/closures
E. coliE. coli in sand may cause in sand may cause 
beach advisories/closuresbeach advisories/closures

Animal material on the beach can Animal material on the beach can 
contribute to contribute to E. coliE. coli accumulation in accumulation in 

foreshore sandforeshore sand

0.0080.00890 cm water PM90 cm water PM

0.1670.16745 cm water PM45 cm water PM

0.001*0.001*90 cm water AM90 cm water AM

0.004*0.004*45 cm water AM45 cm water AM

0.0460.046Submerged sandSubmerged sand

0.000*0.000*Foreshore sandForeshore sand

# gulls lagged 1 day, P # gulls lagged 1 day, P 
valuesvalues

Correlations between 
number of gulls and 

E. coli counts
63rd St. Beach, 

Chicago

Plant material on the beach can contribute toPlant material on the beach can contribute to
E. coliE. coli accumulation in foreshore sandaccumulation in foreshore sand

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Bradford (WI)

North Beach (WI)

Illinois State Park (IL)

Waukegan (IL)

63rd Street (IL)

Washington Park (IN)

Good Harbor Bay (MI)

Sleeping Bear Bay (MI)

Platte Bay (MI)

S. Manitou Island (MI)

Median 

Be
ac

h 

 Mean E. coli 

Cladophora harbors E. coli that can 
be integrated into foreshore sand

High waves can transport High waves can transport E. coli E. coli from from 
foreshore sands to surface watersforeshore sands to surface waters
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Problems with E. coli monitoring protocols:

Indiana Dunes National Lakeshore beaches

There is no relationship 
between day 1 and
day 2 E. coli

Sample results not 
available until 24 hours 
after sample collected

Predictive ModelingPredictive Modeling::
An alternative to traditional monitoring methodsAn alternative to traditional monitoring methods

Modeling Five Indiana Beaches: 
Usefulness as a  Management Tool

Ogden Dunes (OD), West Beach (WB), 
Wells Street Beach (WS),
Marquette Beach (MQ), and 
Lake Street Beach (LS) 

ODWB
WS

MQLS

Burn’s Ditch

Easterly  windWesterly wind

Project SAFE

4.13Burns Ditch Gage height 
(ft)

HighUV Index (forecast)

2-4Wave Height (ft)

71Water Temperature (°F)

66Air Temperature (°F)

NEWind Direction

7-10Wind Speed (kts)

9:00 AM Weather Conditions9:00 AM Weather Conditions

Swimming Advisory Forecast Estimate
A Pilot Experiment by USGS

In Cooperation with NOAA,  Gary, IDEM, NPS

Monday, August 22, 2005
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Marquette 
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Lake 
St. 

Beach 

Project SAFE

25-50 %Wells St. Beach

50-75 %West Beach

50-75 %Ogden Dunes

25-50 %Marquette Park

25-50 %Lake St. Beach

Probability of EPA Probability of EPA 
AdvisoryAdvisory**BeachBeach

Swimming Advisory Forecast Estimate
A Pilot Experiment by USGS

In Cooperation with NOAA,  Gary, IDEM, NPS

Monday, August 22, 2005
Modeling across a longer shoreline
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12 Indiana beaches, 35 km of shoreline
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Source Tracking:

Enterococcal Surface Protein (esp) Gene in Human and 
Animal Fecal Sources and Environmental Sources

Eppendorf: Mastercycler ep realplex

Rapid Methods:Rapid Methods:
QPCR assay vs. traditional membrane filtrationQPCR assay vs. traditional membrane filtration

ConclusionsConclusions

•• Traditional methods of monitoring Traditional methods of monitoring 
swimming beaches are inadequateswimming beaches are inadequate

•• Indicator species are everywhere and Indicator species are everywhere and 
persistpersist

•• Modeling indicators is superiorModeling indicators is superior
•• Regional Approaches make senseRegional Approaches make sense
•• Rapid Methods of Analysis show promiseRapid Methods of Analysis show promise

Oceans Research Priority Plan:Oceans Research Priority Plan:
Improving Great Lakes Coastal Recreational Water Quality Improving Great Lakes Coastal Recreational Water Quality 

Monitoring and ForecastingMonitoring and Forecasting

USGS Great Lakes Science Center; Michigan, Ohio, USGS Great Lakes Science Center; Michigan, Ohio, 
and Wisconsin Water Science Centersand Wisconsin Water Science Centers

Goal: To advance the science of monitoring and 
assessing recreational water quality to provide 
beach managers with reliable, science-based 
information to make well-informed beach closure 
decisions to protect public health.

Improving existing predictive models

Thank You





Nurturing Young Scientists Educator Institute 
June 17 -19, 2008 

 
 
June 17:   Focus on Prior Knowledge, Questioning, and Hypothesizing 
 
 

• Introductions and Icebreaker  (Buzzword Bingo) 
 

• Using Research as an Educational Tool 
 

• Journaling as a Tool for Research and Education 
 

• Research in “The Pit” 
 

• I’m Going on an Investigation – Want to Come? 
 

• Lunch 
 

• Free Exploration at the Beach:  Observation, Questioning, Hypothesizing 
 

• Introduction to Alliance for the Great Lakes’ “Adopt-A-Beach” Program 
 

• Dinner 
 

• Values on the Line  ( Adapted from Project Learning Tree) 
 

• Beach Mysteries  (from Alliance for the Great Lakes’ Great Lakes In My World       
Curriculum Guide 

 
• E.coli – The Questions Involved with Research 

By Dr. Richard Whitman 
 

• Skyscraper Thinking 
 
 
June 18  Focus on Developing Methods, Data Collection, and Interpretation 
 

• Breakfast with the Scientists 
 

• Designing an Investigation on the Little Calumet River 
 

• Lunch 
 



• Water Quality Monitoring in Rivers 
                       By Joe Ext, Hoosier River Watch 

 
• Data Collection Along the Little Calumet River 

 
• Data Sharing 

 
• Dinner 

 
• Presentation on Henry Chandler Cowles by Cowles Biographer Victor Cassidy 

 
 
June 19  Focus on Data Interpretation, Conclusions, and Presentations 
 

• Data Interpretation, Developing Conclusions and Presentations 
 

• Lunch 
 

• Presentations 
 

• Closing and Evaluations 
 
  
 
  
 
 
 
  
 
  
 
  
 
  



Instructions for “Research in the Pit” Game 
 
 
This activity is an adaptation of a commonly played environmental education activity 
called “The Pit”:.  The adaptation was developed by John Hayes, Director, Dunes 
Learning Center.  The activity can be conducted either indoors or out. 

 

1)  Divide the group or class into “x” number of smaller groups of 3 – 4 people each. 
 
2)  Cut out “x” sets of cards, with each card having one of the following words:    
 Prior knowledge 
 Question 
 Hypothesis 
 Methods 
 Data Collection 
 Data Analysis 
 Conclusion 
 Presentation 
 

3) Distribute the cards created in #2 above randomly to each of the “x” groups.  Each 
group should then have an incomplete set of eight cards.  Several will be 
duplicates of each other.  

 
4) Designate a portion of the room or area as the “trading pit”.  You are going to 

simulate an exchange area similar to that in the New York Stock Exchange, or the 
Chicago Board of Trade.  Instruct the participants that one person of each team 
can come into the pit with one card and yell “Trading one! Trading one!” A 
person in the pit from another team may trade cards with them sight unseen and 
both parties then return to their team.  Team members can look at the word cards 
they have collected.  Another member of the team can then go into the pit to trade. 
“Trading one, trading one!” 

 
5) The object of the game is to acquire one each of the eight cards mentioned in #2 

above, and to put them in the appropriate order (also in #2 above). 
 

6) The first team to get all eight cards in the appropriate order and show them to the 
pit boss (generally the teacher or the ranger) is the winner. 
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8 | Beach Mysteries 4-8 90 minutes

summary

Students learn about bacteria as 
an indicator of beach water quality 
for swimming. In groups they solve 
hypothetical problems associated 
with beaches. Then students write 
persuasive essays on the issue.

subjects

Environmental Science, Human 
Health, Social Studies, Language 
Arts

standards

Science: 12.B.2a, 13.B.2a, 
13.B.2f
Social Studies: 17.B.3b, 
17.C.2c

Language Arts: 3.C.2a, 3.C.3a

Science: 6.3.8, 7.4.14, 8.3.6
Language Arts: 4.5.6, 5.5.4, 
6.5.5, 7.5.4, 8.5.4

Science: SCI.III.5.E.4, 
SCI.III.5.MS.6
Social Studies: 
SOC.II.4.LE.5

Language Arts: ELA.2.MS.1

Language Arts: B.8.1, 
C.4.2, C.8.1

objectives

• Discuss the effect of harmful bacteria on swimming conditions at beaches.
• Diagram three reasons for beach contamination.
• Explain solutions for beach health problems.
• Write a persuasive essay about beach health.

prerequisite 

Garbage Investigation, Litter Tag

vocabulary

Bacteria: single-celled organisms, free-living or parasitic, that break down the 
wastes and bodies of dead organisms, making their components available 
for reuse by other organisms

Sewage overflow: sewage that is discharged into waterways
Stormwater: water that accumulates on the ground during a rain event

setting

Classroom or beach

materials

• Prescription for Healthy Beaches (on cd)
• Journals
• Pencils
• Clipboards (if outside)

INDOORS OUTDOORS

INVESTIGATE
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Beaches can bring great advantages to shoreline 
communities, providing recreation, gathering places and 
beauty. It is important to keep them clean and healthy. 
Although this activity is about beach closings, emphasize 
to students that the Great Lakes beaches can be wonderful 
places for swimming and recreation. However, based on the 
rise of beach closings due to bacteria issues, it is important 
that communities become informed about beach closings. 
The information in this activity should not stop students and 
their families from enjoying Great Lakes beaches when they 
are open and healthy. On the contrary, this information should 
enable students and their families to better understand how 
to appreciate their beaches and keep them healthy so they 
can be enjoyed. 

Beach Closings: Local health departments are forced to 
close beaches or declare “swimming bans” when bacteria 
levels are high. As monitoring programs start in communities, 
beach closings happen with increasing frequency. 

Closures are prompted because of the health risks posed 
by the bacteria which comes from sewage overflows, 
untreated stormwater runoff, animal waste, boating wastes 
and malfunctioning septic systems. Sewage treatment 
plants in some large cities were not originally built for the 
increased number of people that now live there. Each day a 
beach is closed, according to a 2004 study, The Economic 
Costs of E. coli Beach Closings, communities can lose 
thousands of dollars in revenue. In 2003 for example, Lake 
Michigan beaches that were monitored for bacterial pollution 
experienced 1473 closings due to high bacteria counts.

Recreational water quality monitoring: Beaches are run by 
governmental agencies that try to keep the shoreline safe for 
human use. In many cases these agencies monitor the water 
quality by testing bacteria levels. When levels are too high, 
areas that have monitoring programs will close the beaches. 

Health Issues: When a beach is closed, everyone who 
uses nearshore areas for recreation – including divers and 
swimmers – is at risk when bacteria are present. Bacteria 
and other germs in contaminated sand and water can cause 
vomiting, diarrhea, stomachaches, nausea, headaches, fever, 
giardiasis, rashes, and pink eye.

E. coli: E. coli is the bacteria used to determine if a beach 
should be closed. It is found in human and animal feces. E. 
coli is a common bacteria used for science experiments in 
thousands of schools and laboratories around the world. You 
have it living inside your intestines right now, as does every 
other human, and many other organisms. E. coli has hundreds 
of genetic variants; only a very few of these can make 
humans sick. The E. coli agencies search for in beach testing 
is not necessarily what makes humans sick, but it indicates 
the presence of fecal contamination (and possibly other 
pathogens that ARE harmful).

There is only one particular strain of E. coli harmful to human 
health, and it is relatively uncommon. However, E. coli is easy 
to test for and is an indicator of other potentially harmful 
bacteria that can exist under the same conditions.  When 
E. coli is found in high levels, beaches are closed because 
bacteria harmful to human health may be present.

procedure
1. Ask for a show of hands to find out how many students in 

your group swim regularly at a Great Lakes beach. Discuss 
as a class: Can beaches be dirty if there is no garbage to 
be seen? How? Take a few responses. 

2.  Are beaches in your area ever closed or do they have 
swimming bans? This depends on whether or not your 
area has a recreational water quality monitoring program. 
Beaches in some areas are closed when bacteria levels 
exceed Environmental Protection Agency standards. 

3. Why does this happen? Create a list of ideas to assess 
students’ prior knowledge about why beaches close. 

 Note: If beaches are not monitored or closed in your area 
due to high bacteria levels, let students know that this 
happens in other areas of the Great Lakes. 

4.  Use the background information to explain bacteria in 
general and E. coli in particular, and the health issues they 
present.

5. Have students work in small groups to solve beach 
mysteries on journal pages. Students may use the Alliance 
for the Great Lakes’ Prescription for a Healthy Beaches: 

 http://www.greatlakes.org/beach_center/prescription.pdf 
(or see copy on compact disc). 

Answers to Beach Mysteries
#1. How did the bacteria get there? After the gulls have 

eaten, they may leave droppings behind on the beach. E. 
coli bacteria is found in human and animal waste. 

 How can we help solve this problem? Don’t leave litter 
behind. Any litter can cause harm. Food-related litter can 
attract wildlife in greater numbers than might normally 
live at or near the beach. Wildlife waste may contribute to 
high bacteria levels at the beach.

#2. How did the bacteria get there? When a lot of 
precipitation (rain or snow) falls, the water treatment plant 
may not be able to process and clean all the water as 
quickly as it accumulates. If this happens, water treatment 
plants may release untreated sewage into the lake. E. coli 
may be found in the untreated sewage. This can cause 
elevated bacteria levels. As for the phone call, beach 
managers are often notified of sewage overflows. 

 How can we help solve this problem? Encourage your 
local municipality to make sure your water treatment 
facility is big enough to handle all of the water from your 
community. Do not contribute extra water to the system 
during a heavy rain. This may mean waiting to run your 
dishwasher or do your laundry. 
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#3. How did the bacteria get there? Dog waste may be 
contributing to E. coli or other bacteria in the water if the 
dog owners do not responsibly pick up after their pets.

 How can we help solve this problem? Always pick up after 
your pet. Encourage other animal owners to do the same. 

#4. How did the bacteria get there? When rain reaches the 
ground during a rain event, it is called stormwater. As it 
accumulates, stormwater flows to the lowest point. In a 
Great Lakes community, this is often the lake. Stormwater 
carries bacteria and other pollutants from a variety of 
sources including animal waste from domestic and wild 
animals, as well as fertilizers. Stormwater flows from 
the surrounding surfaces (streets, parking lots, lawns, 
agricultural areas) over sand and into the lake. This can 
cause elevated levels of bacteria to be detected. Some 
communities funnel stormwater into the Great Lakes 
through pipes called outfalls, which can contribute to 
the bacteria levels. Nationally, stormwater is the most 
frequent cause of beach closings. 

 How can we help solve this problem? Encourage your 
community to incorporate “green spaces” such as rain 
gardens, wetlands, or a pond system near hard surfaces 
so the rain runoff can be absorbed and filtered instead of 
flowing directly into the Great Lakes. Other ideas include 
using hard surfaces that allow water to pass through 
(permeable paving) and planting native grasses in “green 
borders” around parking lots.

6. Discuss the mysteries in a large group. Have students 
present their answers to each other.

7. Create! After students have solved the Beach Mysteries, 
have them create and label a diagram that shows at least 
three to four ways bacterial pollution can get to the beach. 
Students should include solutions to the problems in their 
diagrams 

8. Discuss as a class: What are solutions to beach health 
issues? Have students share the responses in their 
diagrams. Remember that while monitoring can indicate 
that there is a problem, it doesn’t identify or eliminate the 
source. Source elimination is the ultimate solution.

 How will students’ knowledge of beach health issues 
change their future behavior at the beach?

9.  As a follow-up, have students write a persuasive essay 
about human responsibility with regard to beach health.  
This can include the following:

a.  Your area may or may not have a program for 
monitoring the recreational water quality for beach 
health purposes. Why should such a program exist in 
your community?

b.  Humans can change their behaviors to improve water 
quality. What should or shouldn’t people do to help 
improve water quality? 

wrap-up extension

1. Play Mysterious Bacteria to finish the activity.
2. Students sit in a circle with their eyes closed. Choose one 

student to be the “beach bacteria.” Tap this student on the 
shoulder and have everyone re-open his or her eyes. The 
student uses the knowledge from the activity to decide 
what source s/he is from (sewage overflow, seagull waste, 
stormwater runoff)

3. Have the students walk around the room, shaking hands 
with each other. When the “bacteria” student shakes 
hands, s/he squeezes the other students’ hand, indicating 
the spread of the bacteria.

4. When a student is “contaminated,” s/he dramatically falls 
to the ground, indicating sickness.

5. Other students can guess who the “bacteria” student is. If 
they are wrong, they are out of the game.

6. Once the student is identified, the other students can ask 
yes or no questions to determine the student’s selected 
source of contamination.

7. After the game, explain that it is currently very difficult to 
determine the source of bacteria in the water, much like it 
was difficult to determine which student was the harmful 
bacteria and what their source was. 

1. Research the status of recreational water quality in your 
area by inviting a beach manager as a guest speaker to 
your classroom.

2. Have the students decide if they would like to take action 
to improve beach health in their community. If so, have 
them choose one or more of the following options:

•  Participate in the Alliance for the Great Lakes’s Adopt-
a-Beach program, which enables students to create 
positive change for their beaches through litter clean-
up and monitoring and water quality monitoring.

•  Turn the persuasive essays regarding beach health into 
a class “letter to the editor” for your local paper.

assessment

Rubric on page 311

procedure continued
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8 | Beach Mysteries 

[1] Facts: A high level of bacteria is not detected at the beach. A flock of seagulls spot some food and wrappers left 
behind by humans. They land on the beach to eat and inspect the garbage. A boat sails by in the distance. Two kayakers 
paddle up to the shore, which startles the birds. They fly away. Several hours after the seagulls arrived, water samples are 
taken. When they come back from the lab, results show there is a high level of bacteria in the water near the beach.

Questions: How did the bacteria get there? 
............................................................................................................................................ 

............................................................................................................................................

............................................................................................................................................ 

How can we help solve this problem?
............................................................................................................................................ 

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

[2] Facts: The beach is clean. A high level of bacteria is not detected. That night a huge rainstorm takes place. It rains 
hard all night long. You think it is a great night to stay in and do laundry and your dishes, so your family runs both the washing 
machine and the dishwasher. You listen to music while doing homework, then go to bed. The next day, the beach is closed 
because the beach managers have received a call from the water treatment plant. Based on the call, the beach managers 
know there will be high levels of bacteria in the water.

Questions: How did the bacteria get there?
............................................................................................................................................ 

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

What did the mysterious phone call tell the beach managers about why the beaches 
should be closed?
............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

How can we help solve this problem? 
............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

4-8
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8 | Beach Mysteries 

[3] Facts: A few friends meet on the beach in the morning to walk their dogs. The dogs run along the shoreline and 
into the water, fetching sticks for an hour. A jet-ski zooms by in the distance and several motor boats pass by at high speeds. 
When the group with the dogs leaves, there is dog waste visible along the water’s edge. The next day, the beach is closed 
because the beach managers have detected high levels of bacteria at the beach.

Questions: How did the bacteria get there? 
............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

How can we help solve this problem?
............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

[4] Facts: During a walk around your neighborhood, you see dog waste on the ground, ants walking on the sidewalk 
and into the grass and hear birds singing in the trees. After it rains that night, the beaches are closed. You remember that the 
dog waste was not close to the beach, but in the grass across the street from it. It was not really a heavy rain, and you know 
that there was not a “sewage overflow,” but there are still high levels of bacteria when the beach managers get the results 
back from a water sample they take after the rainy night.

Questions: How did the bacteria get there? 
............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

How can we help solve this problem?
............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
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[5] Create and label a diagram that shows at least three ways bacterial pollution can 
get to the beach. Include solutions to the problems you indicate in the diagram. 
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[6] Write a persuasive essay or letter to the editor about human responsibility with 
regard to beach health. You may include the following ideas:

a. Your area may or may not have a program for monitoring the recreational water 
quality for beach health purposes. Why should such a program exist in your community?

b. Humans can change their behaviors to improve water quality. What should or 
shouldn’t people do to help improve water quality?
............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................ 

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................

............................................................................................................................................
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