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About the Lessons 
The Michigan Department of Environment, Great Lakes, and Energy’s Nonpoint Source Program 
assists numerous non-profit entities and other local, state, and federal partners to reduce nonpoint 
source (NPS) pollution statewide. NPS pollution comes from all over the watershed – anywhere 
rain falls. There is no specific source like a pipe or smoke stack. As such, the basis for this 
program is watershed management. 

 
The Lower Grand River Watershed Management Plan 
(LGRWMP) is a document developed to provide a 
description of the watershed, identification of 
impairments, and goals and objectives for management 
and improvement of the watershed. The WMP’s 
Information and Education (I&E) Strategy calls for 
educating stakeholders about the watershed and the 
impacts that stakeholders have on the watershed. The 
strategy has three steps: (1) awareness, (2) education, and 
(3) action. 

 
With funding from the Michigan Department of 
Environment, Great Lakes, and Energy (EGLE) 
Nonpoint Source Program, four lessons that draw upon 
information from 

the Lower Grand River Watershed Management Plan (WMP) have been developed for teachers. 
The purpose of these lessons is to further the I&E objectives that reach students as outlined in the 
WMP. 

 
The three main nonpoint source pollutants of concern in the Lower Grand River Watershed 
Management Plan include sediment, pathogens, and nutrients. The lesson titles, which reflect 
this, are: 

• Watersheds and Nonpoint Source Pollution 
• Nonpoint Source Pollution: Managing Excess Sediment 
• Nonpoint Source Pollution: Managing Pathogens 
• Nonpoint Source Pollution: Managing Excess Nutrients 

 
Videos have been developed to accompany each of the lessons. Lessons and videos are posted at 
https://www.gvsu.edu/groundswell/. Educators can select the activities about the Lower Grand 
River Watershed that best fit their classrooms. 

OVERVIEW & LESSON 

https://www.gvsu.edu/groundswell/


Groundswell: Communities for Clean Water 4  

About the Lower Grand River Watershed Management Plan 
The current Lower Grand River Watershed Management Plan (LGRWMP) was approved by the 
Michigan Department of Environment, Great Lakes, and Energy (EGLE) in 2011. The 
LGRWMP provides a 

detailed implementation plan and assigns responsibility to stakeholders to 
ensure the plan’s actions are put into practice. The Lower Grand River 
Organization of Watersheds (LGROW) was formed in 2009 to provide 
basin-wide oversight, implement watershed-wide initiatives, and prioritize 
water quality concerns. 

 
The nine key elements of the Lower Grand River Watershed Management Plan include: 

1. Understanding watershed characteristics 
2. Identifying and involving local agencies and citizens in the watershed planning process 
3. Identifying designated and desired uses 
4. Defining critical areas which are contributing a majority of the pollutants 
5. Identifying and prioritizing pollutants, sources, and causes 
6. Determining objectives and tasks for meeting watershed goals 
7. Identifying and analyzing existing local projects, programs, and ordinances that impact 

water quality within the watershed 
8. Informing and involving the public 
9. Developing an evaluation process 

 
The chapters in the LGRWMP reflect these nine elements. 

 
The LGRWMP also outlines a strategy to identify and restore the state’s designated uses of the 
surface waters in the watershed, which are: 

• Agricultural use 
• Industrial water supply at the point of intake 
• Public water supply at the point of intake 
• Navigation 
• Warmwater and/or coldwater fishery 
• Other indigenous aquatic life and wildlife 
• Partial body contact recreation 
• Total body contact recreation between May 1 and October 31 

 
Sediment, nutrients, pathogens, temperature, unstable hydrology, chemicals, and habitat 
fragmentation have an impact on the designated uses of the watershed. Designated uses are 
considered impaired if the water does not meet Michigan’s water quality standards. Total 
Maximum Daily Loads (TMDLs), which establish the maximum amount of a pollutant allowed 
in a water body and serves as the starting point or planning tool for restoring water, have been 
developed for parts of the watershed. 

For more 
information: 

lgrow.org 

http://www.lgrow.org/
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Subjects/Target Grades 
Science and Social Studies 
Grades: 7-12 

 
Duration 

Five 50-minute class periods 
Classroom and water body setting 

 
Materials 

Per class 
• Videos: Communities for Clean 

Water: Managing Pathogens 
• Teacher Resource masters 
• Answer keys 

Per small group 
• Septic system model materials 

(container for the model, straws, 
milk cartons, clay, sand, room 
temperature coffee-prepared 
with grounds) 

• E. coli monitoring kits 
 

Per student 
• Student activity sheets 
• Student reading 

MI Science Standards: 
• Apply scientific principles to 

design a method for monitoring 
and minimizing a human impact 
on the environment. 
MS-ESS3-3 

 
Lesson Three: Nonpoint Source Pollution: 
Managing Pathogens 

 
Lesson Overview 
This lesson explores pathogens, a major type of nonpoint 
source pollution affecting the Lower Grand River 
Watershed. Fecal coliform and Escherichia coli 
(abbreviated as E. coli) bacteria data from sampling sites in 
the Lower Grand River Watershed are analyzed, and a task 
force is simulated to address pathogen issues. 

 
Focus Questions 
Students answer these essential questions in the context of 
the Lower Grand River Watershed: What are waterborne 
pathogens? What are the sources and effects of pathogens? 
What are some methods of monitoring pathogens? How can 
the pathogen load in a stream or river be reduced? 

 
Objectives 
Students will be able to: Identify pathogens as a major 
nonpoint source pollutant. Determine how pathogens enter 
into a lake, river, or stream system. Indicate the relative 
impact of pathogens in various parts of the Lower Grand 
River Watershed. Explore ways to reduce pathogens in our 
local water bodies. 

 
Background Information 
A pathogen is any disease-producing agent, especially a 
virus, bacterium, or other microorganism. Examples of 
pathogens that are associated with waterborne disease 
outbreaks are: bacteria (Legionella, Shigella, Vibrio 
cholerae, Salmonella, Yersimia, E. coli 0157:H7, 
Campylobacter), protozoans (Cryptosporidium, Giardia, 
Toxoplasma), and viruses (hepatitis, coxsackie, Norwalk). 
Pathogenic organisms are generally present in surface waters 
in very low numbers, but typically pose relatively little risk 
to human health at such small amounts. Major sources of 
pathogens that pose a higher risk to human health are human 
waste (feces), agriculture practices (livestock operations and 
using manure as fertilizer), and animals (wildlife and pets). 

Analytical tests to determine the presence, quantity, and type 
of pathogens in our water bodies are both expensive and 
difficult to conduct. Consequentially, levels of 
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fecal coliform bacteria and Escherichia coli (E. coli) bacteria are often used as indicators of 
the presence of pathogens instead of monitoring for each individual disease-causing organism. 
The presence of fecal coliform bacteria and E. coli bacteria in water samples indicates human 
waste might be present in the water. This means human waste potentially has contaminated the 
water with a variety of pathogens that could make people sick. 

Fecal coliform bacteria and E. coli are naturally present in the intestines and feces of warm- 
blooded animals. Many strains of these bacteria pose no threat to human health. In fact, it has 
been estimated that 0.1% of the total bacteria within an adult’s intestine is represented by E. 
coli.1 There is evidence that these indicator bacteria are found in soils at the groundwater-surface 
water interface, sand pore water, drains, and sediments. With every rainfall, these naturally 
occurring bacteria can reach surface waters, creating a link between rainfall, flow, and bacterial 
counts. As such, indicator bacteria are not always associated with specific human activity and 
their presence doesn’t necessarily mean pathogenic organisms are present. 

The U.S. Environmental Protection Agency (EPA) “develops criteria to protect people from 
microbial organisms such as bacteria and viruses in water bodies (e.g., lakes, rivers, beaches). 
State and tribal governments can use the criteria as guidance when setting their own water 
quality standards to protect human health.”2 Water quality standards for pathogens are based on 
indicator bacteria since it is not feasible to test for each individual pathogenic organism. Rule 62 
of the Michigan Water Quality Standards (Part 4 of Act 451) limits the concentration of 
microorganisms in surface waters of the state and surface water discharges, such as treated 
wastewater.3 

 
The allowable concentrations of E. coli depend on the designated use of the specific water body. 
During the typical swimming season (May through October), the total body contact standards 
apply to all waters of the state. Waters of the state that are protected for total body contact 
recreation must not exceed limits of 130 Escherichia coli (E. coli) per 100 milliliters (mL) water 
as a 30-day average and 300 E. coli per 100 mL water at any time. Some waters are designated 
partial body contact outside of the swimming season. The limit for waters of the state that are 
protected for partial body contact recreation is 1,000 E. coli per 100 mL water. Discharges 
containing treated or untreated human sewage shall not contain more than 200 fecal coliform 
bacteria per 100 mL water as a monthly average and 400 fecal coliform bacteria per 100 mL 
water as a 7-day average. These standards designate levels that are generally protective of human 
health. Waters that don’t meet the standard are impaired (closed beaches). For infectious 
organisms, which are not addressed by Rule 62, the Michigan Department of Environment, Great 
Lakes, and Energy (EGLE) has the authority to set limits on a case-by-case basis to assure that 
designated uses are protected.3 

 
Since E. coli is used as an indicator of fecal contamination, water quality standards are designed 
to protect human health during recreation. When the water quality standard is exceeded (based 
on a 30-day geometric mean of five or more sampling events), the federal Clean Water Act 
requires Michigan to develop a Total Maximum Daily Load (TMDL) to provide a framework for 
restoring the water quality and reducing the level of E. coli to at or below the standard. Sources 
of E. coli are ubiquitous to human development and include livestock and improper or 
incomplete sewage treatment.4 “Given the extent of this problem, and the multitude of potential 
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sources, a statewide approach is likely to be more effective and more efficient at addressing this 
issue.” 4 

 
EGLE estimates that about half of Michigan’s river miles are impaired by E. coli, and about 22% 
of beaches had closures due to E. coli contamination in 2014.5 EGLE’s BeachGuard site can be 
consulted to view current beach closings and supporting monitoring data 
(https://www.egle.state.mi.us/beach/). Elevated E. coli levels are a reason to close beaches and 
limit recreational activities. However, depending on the method of testing, it sometimes takes 24 
hours to determine whether or not a health-risk warning needs to be posted. Therefore, by the 
time the presence of E. coli is confirmed the risk might have passed or people might have already 
been exposed to pathogens. Alternative methods of detecting pathogens in a more timely manner 
are being developed. These include nucleic acid-based, immunology-based, and biosensor-based 
detection methods. 

 
Within the Lower Grand River Watershed, the presence and quantity of indicator bacteria varies 
by season, source, and weather. For example, fecal coliform levels in Plaster Creek were 6-8 
times higher during wet weather conditions (during and immediately after a storm) than prior to 
a storm event.6 (This means students should avoid sampling a creek right after a rain event to 
prevent potential exposure to pathogens.) However, lack of rain tends to concentrate bacteria 
from constant sources such as illicit connections and leaky septic systems. 

Monitoring for indicator bacteria in the Lower Grand River 
Watershed has been conducted for decades by the Grand Rapids 
Water Resource Recovery Facility. The Facility’s long-term 
datasets are valuable for assessing the variations in bacterial load 
from tributaries of the Grand River, as well as monitoring the 
efficacy of the operations of the Facility. The city has implemented 
several improvements to reduce the bacterial load coming from the 
Facility, such as construction of a retention basin, separating the 
sanitary sewer system from the storm sewer system, limiting 
discharges, evaluating and repairing sewer systems, and passing 
local ordinances. These improvements have largely eliminated 
combined sewer overflow events in Grand Rapids.7 [Note: A 
combined sewer overflow event happens in cities with combined 
sewer systems where stormwater and sewage flow through the 
same system of pipes. During a large rain storm, the system can 
become overwhelmed due to the large volume of stormwater and 
the city is forced to release some of the water, untreated, into the 
river. Because the sewage and stormwater are combined in the 
same pipes, this means raw sewage is released into the river as well 
as the stormwater.] 

 
The Lower Grand River Watershed Management Plan (LGRWMP) 
identifies subwatersheds affected by pathogen pollution. Nonpoint 
sources of pathogen contamination appear to be more prevalent 

Types of Sewer Systems 
https://www.miottawa.org/depart
ments/boc/waterquality/pdf/2012/

delong_2012.pdf 

than point sources of contamination in the watershed. The main sources are cropland, livestock, 

https://www.miottawa.org/departments/boc/waterquality/pdf/2012/delong_2012.pdf
https://www.miottawa.org/departments/boc/waterquality/pdf/2012/delong_2012.pdf
https://www.miottawa.org/departments/boc/waterquality/pdf/2012/delong_2012.pdf
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septic tanks, ducks and geese, and the sanitary sewer.8 Microbial source tracking tools are 
helpful in determining whether the source of the pathogens is from humans or animals (geese, 
cows, dogs, etc.). Conventional techniques for bacteria source tracking include targeted in- 
stream monitoring, sanitary or watershed surveys, and dye testing of septic systems. “Molecular 
and biochemical techniques assume there are characteristics unique to the fecal bacteria from a 
particular host and that these characteristics allow scientists to identify the source of the 
contamination. Most of these techniques target key genes that can be tied to a specific host.”9 

A single result showing a high level of fecal coliform bacteria or E. coli might not mean anything 
for human health risk in the long run since it could be from excrement left by a single animal. 
However, a series of elevated samples could be a reason for concern. Extensive knowledge of the 
contributing watershed is the key to interpreting monitoring results. Health risk surveys, bacterial 
source investigations, rainy weather sampling, epidemiological studies, septic system 
inspections, and regular monitoring can contribute much information to clarify pathogen 
problems and help guide appropriate solutions.10 

Source: 
1 Patton, B.S. (2007). Applications and mechanisms of colicin E1. Retrieved from 
https://dr.lib.iastate.edu/entities/publication/eeee59af-1cfb-4685-9107-543041e81ff9  
2 U. S. Environmental Protection Agency. Microbial (Pathogen)/ Recreational Water Quality 
Criteria. Retrieved from https://www.epa.gov/wqc/microbial-pathogenrecreational-water- 
quality-criteria 
3 Michigan Department of Environment, Great Lakes, and Energy. Department of 
Environment, Great Lakes, and Energy Water Bureau Water Resources Protection. 
Retrieved from http://www.michigan.gov/documents/deq/wrd-rules-part4_521508_7.pdf 
4 Michigan Department of Environment, Great Lakes, and Energy. Michigan’s Statewide E.coli Total 
Maximum Daily Load. http://www.michigan.gov/deq/0,4561,7-135-3313_3681_3686_3728- 
376271--,00.html 
5 Michigan Department of Environment, Great Lakes, and Energy. E. coli in Surface 
Waters. http://www.michigan.gov/deq/0,4561,7-135-3313_3681_3686_3728-383659--
,00.html  
6 LGROW. Plaster Creek Stewards. Retrieved from https://calvin.edu/plaster-creek-
stewards/ 

7Grand Rapids Wastewater Treatment Plant. Retrieved from 
https://www.miottawa.org/departments/boc/waterquality/pdf/2012/delong_2012.pdf  
8 LGROW. Lower Grand River Watershed Management Plan. Retrieved from 
http://www.lgrow.org/lgrwmp 
9 Department of Ecology – State of Washington. Microbial Source Tracking. Retrieved from 
https://fortress.wa.gov/ecy/publications/documents/1203010.pdf 
10 Vail, J.H. (1998). An Analysis of Fecal Coliform Bacteria as a Water Quality Indicator, PhD 
Thesis 

https://dr.lib.iastate.edu/entities/publication/eeee59af-1cfb-4685-9107-543041e81ff9
https://www.epa.gov/wqc/microbial-pathogenrecreational-water-quality-criteria
https://www.epa.gov/wqc/microbial-pathogenrecreational-water-quality-criteria
http://www.michigan.gov/documents/deq/wrd-rules-part4_521508_7.pdf
http://www.michigan.gov/deq/0%2C4561%2C7-135-3313_3681_3686_3728-376271--%2C00.html
http://www.michigan.gov/deq/0%2C4561%2C7-135-3313_3681_3686_3728-376271--%2C00.html
http://www.michigan.gov/deq/0%2C4561%2C7-135-3313_3681_3686_3728-383659--%2C00.html
http://www.michigan.gov/deq/0%2C4561%2C7-135-3313_3681_3686_3728-383659--%2C00.html
https://calvin.edu/plaster-creek-stewards/
https://calvin.edu/plaster-creek-stewards/
https://www.miottawa.org/departments/boc/waterquality/pdf/2012/delong_2012.pdf
http://www.lgrow.org/lgrwmp
https://fortress.wa.gov/ecy/publications/documents/1203010.pdf
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Lesson Procedure: 
 

1. What are waterborne pathogens? 
 

Ask students if they have ever gotten sick 
after swimming in a body of water or if they 
drank water that was contaminated. Mention 
some of the symptoms that can result from 
contact with contaminated water. Do they 
know what type of organism in the water 
might have caused their health issues? Point 
out that the main types of waterborne 
pathogens are bacteria, protozoa, and 
viruses. Also, note that around the world, 
millions of people die or get sick as a result 
of water-related diseases each year. 

 
 
 
 
 

Reference the teacher background on 
Maplewood Park and Plaster Creek to 
explain real-world examples of waterborne 
pathogens. Engage students in a discussion 
of these two examples. Follow up with the 
information about what is happening now by 
having the students research news stories 
related to Maplewood Park and Plaster 
Creek. 

 
 
 
 
 

Use questions such as: 
• What organism caused the problem? 
• How do the two situations compare? 
• What was the role of the state and 

local government in addressing these 
issues? 

• What are the lessons learned from 
these situations? 

• What should happen next for Plaster 
Creek and Maplewood Lake? 

 
2. Explore the source of pathogens. 

Using a pair-share format, have students 
brainstorm about sources of pathogens in 
water. Examples of sources include 
contamination from livestock, septic tanks, 
ducks and geese, cropland, pets, illicit 
connections, human waste, leaking sewer 
lines, urban stormwater runoff, boat 
discharges, and nuisance levels of wildlife. 
Show and discuss the Compare and 
Contrast teacher resource noting how water 
quality and sanitation in third world 
countries differs from your school’s 
location. Follow up with the Potential 
Sources of Pathogens teacher resource to 
reinforce the understanding that pathogens 
come from multiple sources. Then have the 
teams create diagrams that show how they 
think water in the Lower Grand River 
Watershed could become contaminated with 
pathogens. 

 
 
 
 
 

Since it is important to know whether 
human pathogens are present in the water, 
focus on septic systems as an example of 
contamination from a human source. Ask 
students whether their household sewage 
waste goes to a wastewater treatment plant 
or to a septic system. Show the diagram of a 
septic system and explain how a septic 
system works. “Specifically, this is how a 
typical septic system works: 

Assign a writing project, story board, or 
digital story telling for students to compare 
and contrast Maplewood Lake and Plaster 
Creek E. coli problems. 

Assign the student reading: Waterborne 
Pathogens in the News. 

View the video: Communities for Clean 
Water: Managing Pathogens available at 
https://www.gvsu.edu/groundswell/ 
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1. All water runs out of your house 
from one main drainage pipe into a 
septic tank. 

2. The septic tank is a buried, water- 
tight container usually made of 
concrete, fiberglass, or polyethylene. 
Its job is to hold the wastewater long 
enough to allow solids to settle down 
to the bottom forming sludge, while 
the oil and grease floats to the top as 
scum. 
Compartments and a T-shaped outlet 
prevent the sludge and scum from 
leaving the tank and traveling into 
the drainfield area. 

3. The liquid wastewater (effluent) then 
exits the tank into the drainfield. 

4. The drain field is a shallow, covered, 
excavation made in unsaturated soil. 
Pretreated wastewater is discharged 
through piping onto porous surfaces 
that allow wastewater to filter though 
the soil. The soil accepts, treats, and 
disperses... wastewater as it 
percolates through the soil, 
ultimately discharging to 
groundwater. 
If the drainfield is overloaded with 
too much liquid, it will flood, 
causing sewage to flow to the ground 
surface or create backups in toilets 
and sinks. 

5. Finally, the wastewater percolates 
into the soil, naturally removing 
harmful coliform bacteria, viruses 
and nutrients. Coliform bacteria is a 
group of bacteria predominantly 
inhabiting the intestines of humans 
or other warm-blooded animals. It is 
an indicator of human fecal 
contamination.” (EPA, How Your 
Septic System Works, 
https://www.epa.gov/septic/how-
septic-systems-work ) 

To help students understand the design of a 
basic septic system, use the Septic Systems 
teacher resource as a guide to demonstrate 
or have students create a model of a septic 
system in an aluminum pan or plastic 
container using milk cartons (house and 
settling tank), straws (pipes), straws with 
holes (drainage field), clay (connectors), and 
sand for the soil. Have students run their 
system by adding various amounts of 
wastewater (Colored water with used coffee 
grounds). The solid portion of the 
wastewater will settle to the bottom of the 
tank, while the liquid (effluent) will exit the 
tank into the drainfield. (Scum can be 
represented by cooking oil.) Students should 
note that the system has a limited capacity. 
There is a chance that the groundwater and 
surface water could be contaminated with 
pathogens from households. The model 
could be further enhanced by placing dry 
coffee on the land or in the water to 
illustrate contamination by pets and wildlife. 

Teacher Note: This activity is intended to 
show students the general design of a septic 
system. The above design will not will not 
completely filter out the colored water. 
Remind students that their model is missing 
the important component of microbes in the 
septic system. 

Follow up this section with reflective 
reading of the Bacteria and Water Quality 
student reading. 

Michigan K-12 Science Standards 
Engineering Design Extension for MS- 
ETS1-1: Septic system failure can happen in 
old systems, poorly maintained systems, or 
an improper location. Using the septic 
system models that were created as a guide, 
have students define the criteria and 
constraints of septic systems with sufficient 
precision to ensure a successful solution, 
taking into account relevant scientific 

https://www.epa.gov/septic/how-septic-systems-work
https://www.epa.gov/septic/how-septic-systems-work


Groundswell: Communities for Clean Water 11  

 

 
 

3. Evaluate indicator bacteria in streams 
and rivers. 

 
Pose the question: How can we tell if there 
are pathogens in the water? Direct counting 
and identification of all the different types of 
pathogens is expensive and time consuming. 
Introduce the idea of monitoring for 
pathogens through use of indicator bacteria 
such as fecal coliform bacteria and 
Escherichia coli (E. coli). The Indicator 
Bacteria teacher resource diagram illustrates 
that fecal coliform bacteria are a subset of 
coliform bacteria and E. coli bacteria are a 
subset of fecal coliform bacteria. 

 
 
 

Take appropriate precautions to protect 
student health. This is especially important 
if there is a chance that the stream, pond, or 
river being studied for other water quality 
parameters has bacterial contamination. It 
would not be wise to sample a stream with 
heavy contamination without precautions 
such as wearing gloves and avoiding direct 
contact with water. An example of a 
relatively inexpensive way to screen for 
bacteria is R-CARD® E. Coli Rapid Test 
This method is described in Standard 
Operating Procedure for R-CARD® E. Coli 
Rapid Test Method teacher resource. 
Another method is described in the 
Interpreting Coliscan Pour PlatesTM teacher 
resource. However, other methods are 
certainly available as described in Citizens 
Monitoring Bacteria: A training manual for 
monitoring E. coli and Safe Waters and 
Healthy Waters: A guide for citizen groups 
on bacterial monitoring in local waterways 

as annotated in the additional resources 
section of this lesson. 

4. Research the indicator bacteria 
patterns in the Lower Grand River 
Watershed. 

 
 
 
 

Pose the question: How can monitoring data 
be translated into a usable format for 
understanding and decision-making? 
Answers might include making graphs and 
charts, generating statistics, illustrating 
trends, incorporating maps, and other means 
of telling a story in an understandable way. 

Provide students with datasets showing fecal 
coliform bacteria monitoring results from 
the Lower Grand River sites monitored by 
the Grand Rapids Water Resource Recovery 
Facility. See the Fecal Coliform Levels 
(colonies/mL) at Sites in the Grand River 
Watershed resource. Explain that the 
Facility has been monitoring the Grand 
River and its tributaries for many years. 
Show students the map of the sites that have 
been monitored (River Monitoring Sampling 
Locations teacher resource). Using the 
Exploratory Data Analysis student activity, 
have them analyze one of the sites found in 
the dataset. Their results can be presented to 
the class followed by a discussion. Pose the 
question: So what do the data indicate? 
Prior to 1994, the water quality standard in 
Michigan required that levels not exceed 
200 fecal coliform colonies per 100 mL. 
Compliance with the fecal coliform standard 
was determined based on the geometric 
mean of any series of five or more 
consecutive samples taken over a 30-day 
period. For their site, have students 
determine the percent exceedance based on 
how many times a sample exceeds 200 fecal 

principles and potential impacts on people 
and the natural environment that may limit 
possible solutions. 

Engage students in water quality 
monitoring for bacteria. 

Extension: Work with a math teacher to 
incorporate simple statistics and creation of 
box plots into this analysis. See the Example 
of a Box Plot teacher resource. 
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coliform colonies per mL. (Teacher Note: 
Geometric and arithmetic means are 
calculated differently. In this activity 
students are calculating arithmetic means.) 
Have them compare the values for the 
various sites in the Lower Grand River 
Watershed. 

Share with the students the current water 
quality standards for E. coli (Table 1) and 
note that the standards vary based on the 
designated use of the water body. 

Table 1. E. coli Water Quality Standards 
 

Designated 
Use 

Water Quality 
Standard 

Total Body 
Contact 
(May 1 - 

October 31) 

• Daily Maximum 
Geometric 
Mean: 300 E. 
coli per 100 
milliliters (mL) 

• 30-Day 
Geometric 
Mean: 130 E. 
coli per 100 mL 

Partial Body 
Contact (all 

year): 

Daily Maximum 
Geometric Mean: 1,000 

E. coli per 100 mL 

Source: EGLE, 
https://www.michigan.gov/egle/about/organi
zation/water-resources/tmdls/statewide-e-
coli-tmdl 

5. Formulate a plan to reduce pathogen 
loads. 

Ask students how they think the pathogen 
load in the Lower Grand River Watershed 
could be decreased. Present how the Lower 
Grand River Watershed Management Plan’s 
Information & Education Strategy to 
Address Pathogens and Bacteria addresses 
this issue (see the teacher resource). It would 
be helpful to review of the concept of best 

management practices (BMPs) and green 
infrastructure as a way to manage erosion 
and runoff. In general, best management 
practices are physical or cultural methods to 
reduce pollutant loads. Green 
infrastructure includes a range of soil- 
water-plant systems that intercept, infiltrate 
a portion of water into the ground, evaporate 
a portion of it into the air, and in some cases 
release a portion of it slowly into a lake, 
stream, or sewer system. 

 
Given the results of locations where high 
levels of fecal coliform have been identified 
in the Lower Grand River Watershed, have 
groups of students create a presentation or 
poster on the subwatersheds with identified 
fecal coliform bacteria impairments (Bass 
River; Buck Creek; Direct Drainage to 
Lower Grand River; Plaster Creek; 
Coldwater River; Coopers, Clear, and Black 
Creeks; Crockery Creek, Deer Creek; 
Threatened Uses: Upper/Lower Rogue 
River; Spring Lake/Norris Creek; Sand 
Creek). 

 
 
 
 
 
 
 
 
 

 
Include information about the levels of fecal 
coliform bacteria from the Grand Rapids 
Water Resource Recovery Facility 
monitoring if available. 

 
Have students present an outreach plan that 
supports the priorities of the Information & 
Education Strategy to Address Pathogens 
and Bacteria in the Lower Grand River 
Watershed Management Plan. 

 

Students should use the Lower Grand 
River Watershed Management Plan 
and the Lower Grand River 
Organization of Watersheds website* 
to research the land use and population 
characteristics in their chosen 
subwatershed. [* See: Link 3A and 
Link 3B on at the end of the lesson] 
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As a class, prioritize which watersheds 
might be of the most concern and what kind 
of project could best reach specific 
stakeholder groups, such as agricultural 
producers, local units of government, rural 
residents, urban residents, and/or outdoor 

enthusiasts. Note that the source of the 
bacteria is related to risk – human sources 
(high risk), non-human/animal feces 
(moderate risk), and environmental sources 
such as sediments, plants, soil (lower risk). 

 
 

Assessment 

1. Present students with two datasets from 
fecal coliform bacteria monitoring in two 
locations and have them use simple statistics 
and graphs to compare and contrast the two 
locations. 

2. Have students write a persuasive essay 
about the importance of addressing 
pathogens in the Lower Grand River 
Watershed. 
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Website links can be found at 
the end of the lesson.  

Additional Resources 
 

 
Adopt a Beach Lessons 
This series of lessons could be used to 
develop the connection of the Lower Grand 
River Watershed to the beaches of Lake 
Michigan. In Lesson 4 – Beach Mysteries, 
students learn about bacteria as an indicator 
of beach water quality for swimming. In 
groups they solve hypothetical problems 
associated with beaches. 

 
BeachGuard 

BeachGuard is an online system originally 
developed by the State of Michigan to 
collect beach sampling data from local 
health agencies and make the data available 
via a public website. Since launched in 
2001, BeachGuard has been implemented by 
three other Great Lakes States: Illinois, 
Indiana, and Ohio. 
Can the poop detectives solve a pollution 
mystery? 

 
A short article on which animals—from 
chickens and cows to deer and people— 
produce the fecal matter that is washing into 
and polluting a waterway based on source 
tracking. 

Centers for Disease Control – 
Waterborne Disease 

Information and statistics about waterborne 
disease incidences in the United States can 
be found at this site. 

Citizens Monitoring Bacteria: A training 
manual for monitoring E. coli 

This manual is a result of a joint project to 
enhance citizen E. coli monitoring in 

streams of the upper Midwest. Detailed 
methods and helpful information is 
presented. 

Go with the Flow 

Go with the Flow takes you on a visual 
journey through the wastewater treatment 
process. Beginning in our homes and 
businesses and ending when clean water is 
returned to oceans, lakes, and other bodies 
of water. Different steps in the wastewater 
treatment process are highlighted and 
provide viewers with a simple, non- 
technical narrative description. The Water 
Environment Federation has additional 
teacher resources as well. 

 
Homeowners Guide to Septic Systems 

 
Created by U.S. EPA, the Homeowners 
Guide to Septic Systems provides guidance 
to those who have septic tanks. 

 
Lower Grand River Organization of 
Watersheds (LGROW) 

Useful maps and summaries of 
subwatersheds of the Grand River 
Watershed are found at this site. 

Michigan Department of Environment, 
Great Lakes, and Energy 

 
Information, maps, and reports about how 
Michigan is addressing bacterial loads in 
water bodies can be found under the Total 
Maximum Daily Load (TMDL) section of 
the EGLE website. 

 
Michigan E. coli Pollution and Solution 
Mapper 
A new statewide, interactive mapping tool is 
available to assist in identifying impacted 
areas as well as provide resources for getting 
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involved in efforts to reduce the E. coli 
levels. 

 
Microbial (Pathogen)/Recreational Water 
Quality Criteria 

This U.S. EPA site has many links to 
information about recreational water quality 
criteria and drinking water as well. 

 
Michigan Nonpoint Source Best 
Management Practices Manual 

This document provides guidance on dealing 
with nonpoint source pollution to restore 
impaired waters and protect high-quality 
waters in Michigan. 

 

Michigan Water Stewardship Program 

The Michigan Water Stewardship Program 
(MWSP) is a partnership of organizations 
that provide educational assistance to 
Michigan’s residents to identify and reduce 
contamination risks to water and other 
natural resources. The program encourages 
individuals to take voluntary proactive steps 
to protect Michigan’s water quality – our 
drinking water – as well as protect our other 
valuable natural resources while caring for 
our family’s health. 

MiEnviroPortal 

The MiEnviro Portal, formerly 
MIWATERS, provides public access to 
many documents associated 

with web-based permitting and compliance 
database for EGLE’s Water Resources 
Division (WRD). The site explorer has 
useful filters with a 
searchable format. 

 
Nonpoint Source Pollution 
Environmental Resources  

The EPA has compiled many nonpoint 
source pollution environmental resources. 
The resources have a variety of lessons on 
nonpoint source pollution.  

 
Safe Waters, Healthy Waters: A guide for 
citizen groups on bacterial monitoring in 
local waterways 

 
Published in April 2016, this document 
provides guidance for citizen groups on how 
to identify, narrow down sources, and 
communicate about bacterial contamination, 
with a specific focus on human sewage 
sources and monitoring techniques that are 
simple, reliable, and low-cost. 

 

Project WET 

The Project WET Curriculum and Activity 
Guide has activities tracing the source of a 
waterborne disease, transport of bacterial 
contamination in groundwater, and 
strategies to remove contaminants from 
water. 
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STUDENT READING 
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TEACHER BACKGROUND 
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TEACHER BACKGROUND 
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TEACHER BACKGROUND 
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TEACHER RESOURCE 
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TEACHER RESOURCE 
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TEACHER RESOURCE 
 
 
 
 
 
 

Septic Systems 
 

 

Homeowner’s Guide to Septic Systems 
https://www.yorktownny.org/sites/default/files/fileattachments/engineering_amp_sewer/page/131/homeownersg

uidesepticsystem-yorktown.pdf

https://www.yorktownny.org/sites/default/files/fileattachments/engineering_amp_sewer/page/131/homeownersguidesepticsystem-yorktown.pdf
https://www.yorktownny.org/sites/default/files/fileattachments/engineering_amp_sewer/page/131/homeownersguidesepticsystem-yorktown.pdf
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Bacteria and Water Quality 
Introduction 

 
Bacteria are among the simplest, smallest, and most abundant organisms on earth. 
Bacteria have a cellular structure lacking an organized nucleus and nuclear membrane. 
Instead of containing genetic information stored on several chromosomes, bacteria contain 
a single strand of DNA. These organisms reproduce by binary fission, which occurs when a 
single cell divides to form two new cells called daughter cells. Each daughter cell contains 
an exact copy of the genetic information contained in the parent cell. The generation time is 
the time required for a given population to double in size. This time can be as short as 20 
minutes for some bacteria species (e.g., Escherichia coli). 

 
While the vast majority of bacteria are not harmful, 
certain types of bacteria cause disease in humans 
and animals. Examples of waterborne diseases 
caused by bacteria are: cholera, dysentery, 
shigellosis, and typhoid fever. During the London 
cholera epidemics of 1853-1854, Dr. John Snow 
observed that nearly everyone who became ill 
obtained their drinking water from a specific well into 
which a cesspool was leaking. Those who became ill 
either drank water from the well or came into contact 
with fecally contaminated material while tending 
those already sick. 

 

Concerns about bacterial contamination of surface 
waters led to the development of analytical methods 
to measure the presence of waterborne bacteria. 
Since 1880, coliform bacteria have been used to 
assess the quality of water and the likelihood of 
pathogens being present. Although several of the 
coliform bacteria are not usually pathogenic 
themselves, they serve as an indicator of potential 
bacterial pathogen contamination. It is generally 
much simpler, quicker, and safer to analyze for these 

 
 
 
 
 
 
 
 
 
 

Citizens Monitoring Bacteria: A training manual for monitoring E. coli: 
http://blog.uvm.edu/kstepenu/files/2016/09/Final_ecoli_06c1.pdf 

organisms than for the individual pathogens that may be present. Fecal coliforms are the 
coliform bacteria that originate specifically from the intestinal tract of warm-blooded animals 
(e.g, humans deer, etc.). They are cultured in a special growth media and incubated at 
44.5oC. E. coli bacteria are a subset of coliform bacteria. 

 
The first U.S. standards for drinking water, established by the Public Health Service in 1914, 
were based on coliform evaluations. It was reasoned that the greatest source of human 
pathogens in water was from human waste. Each day, the average human excretes billions 
of coliform bacteria. These bacteria are present whether people are ill or healthy. Monitoring 

STUDENT READING 

http://blog.uvm.edu/kstepenu/files/2016/09/Final_ecoli_06c1.pdf
http://blog.uvm.edu/kstepenu/files/2016/09/Final_ecoli_06c1.pdf
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for coliform bacteria was designed to prevent outbreaks of enteric diseases, rather than to 
detect the presence of specific pathogens. Today, coliform bacteria concentrations are 
determined using methods specified by the Environmental Protection Agency (EPA) and 
Standard Methods for the Examination of Water and Wastewater. 

 
Sources of Bacteria 

 
Point Sources 

 
Human sources of bacteria can enter water via either point or nonpoint sources of 
contamination. Point sources are those that are readily identifiable and typically discharge 
water through a system of pipes. Communities with sewers may not have enough capacity 
to treat the extremely large volume of water sometimes experienced after heavy rainfalls. At 
such times, treatment facilities may need to bypass some of the wastewater. During bypass 
or other overflow events, bacteria-laden water is discharged directly into the surface water 
as either sanitary sewer overflow (SSO) or as combined sewer overflow (CSO). Power 
outages and flooding can also contribute to the discharge of untreated wastewater. 

 
Illicit connections to storm sewers are a source of bacteria in surface waters, even during 
dry periods. A connection to a storm sewer is “illicit” when the wastewater requires 
treatment prior to discharge and should be routed to the sanitary sewer. Only stormwater 
and certain permitted discharges (e.g. clear noncontact cooling water) should be discharged 
to a storm sewer. 

 
Nonpoint Sources 

 
Nonpoint sources are those that originate over a more widespread area and can be more 
difficult to trace back to a definite starting point. Failed on-site wastewater disposal systems 
(septic systems) in residential or rural areas can contribute large numbers of coliforms and 
other bacteria to surface water and groundwater. Animal sources of bacteria are often from 
nonpoint sources of contamination. Concentrated animal feeding operations, however, 
are often point source dischargers. Agricultural sources of bacteria include livestock 
excrement from barnyards, pastures, rangelands, feedlots, and manure storage areas. 
Stormwater runoff from residential, rural, and urban areas can transport waste material 
from domestic pets and wildlife into surface waters. Land application of manure and sewage 
sludge can also result in water contamination, which is why states require permits, waste 
utilization plans, or other forms of regulatory compliance. Bacteria from both human and 
animal sources can cause disease in humans. 

 
Bacteria-laden water can either leach into groundwater and seep, via subsurface flow, into 
surface waters or rise to the surface and be transported by overland flow. Bacteria in 
overland flow can be transported freely or within organic particles. Overland flow is the most 
direct route for bacteria transport to surface waters. Underground transport is less direct, 
because the movement of water and bacteria is impeded by soil porosity and permeability 
constraints. 
 
Source: https://www.michigan.gov/egle/-/media/Project/Websites/egle/Documents/Programs/WRD/NPS/General/program-plan-
2019.pdf?rev=5cb1793c407e46cc817bd15e3482a17b&hash=0670C180ADE0B41BE535CB2280895E59

STUDENT READING 

https://www.michigan.gov/egle/-/media/Project/Websites/egle/Documents/Programs/WRD/NPS/General/program-plan-2019.pdf?rev=5cb1793c407e46cc817bd15e3482a17b&hash=0670C180ADE0B41BE535CB2280895E59
https://www.michigan.gov/egle/-/media/Project/Websites/egle/Documents/Programs/WRD/NPS/General/program-plan-2019.pdf?rev=5cb1793c407e46cc817bd15e3482a17b&hash=0670C180ADE0B41BE535CB2280895E59
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Indicator Bacteria 
 
 

Source: Citizens Monitoring Bacteria: A training manual for monitoring E. coli: 
http://blog.uvm.edu/kstepenu/files/2016/09/Final_ecoli_06c1.pdf 

TEACHER RESOURCE 

http://blog.uvm.edu/kstepenu/files/2016/09/Final_ecoli_06c1.pdf
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TEACHER RESOURCE 
 
 
 

Standard Operating Procedure for R-CARD® E. Coli Rapid Test 
Method Adapted from Roth BioScience, LLC: 

 
The simple R-Card® method can be used to screen lakes and streams for Escherichia coli 
bacteria. This is essentially a semi-quantitative presence/absence method successfully used in 
programs such as Florida Lakewatch and volunteer monitoring in Michigan. One milliliter of 
water is inoculated on a gel medium card and incubated at 35°C for 24 hours. After 24 hours, 
colonies are counted. Blue/teal colonies are E. coli bacteria. For one mL of sample, each 
blue/teal colony represents 100 E. coli colonies/100 mL. The U.S. Environmental Protection 
Agency recommends that the geometric mean of E. coli be no more than 126 E. coli colonies 
per 100 mL in 5 samples over a 30-day period. 

Specific Methods: 

1. At least two hours before sampling, turn on and set the incubator to 35°C. Check the 
thermometer in the chamber to insure that the interior temperature is 35°C before placing 
any samples in the incubator. 

2. Write the date and sample number in small print on the bottom of the card. Wear gloves 
and open the top portion (film) or use sterile forceps (Photo 1).  

 
Photos from: https://cdn.shopify.com/s/files/1/0511/7152/4758/files/R-CARD_E._Coli_-_Operating_Procedure_5e17a121-e576-4c3f-9747-

20b912665b1c.pdf?v=1661878104 

TEACHER RESOURCE 

https://cdn.shopify.com/s/files/1/0511/7152/4758/files/R-CARD_E._Coli_-_Operating_Procedure_5e17a121-e576-4c3f-9747-20b912665b1c.pdf?v=1661878104
https://cdn.shopify.com/s/files/1/0511/7152/4758/files/R-CARD_E._Coli_-_Operating_Procedure_5e17a121-e576-4c3f-9747-20b912665b1c.pdf?v=1661878104
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3. Using a pipette with a sterile tip or a sterile dropper, withdraw one milliliter of water from 
the sample. Dispense the one milliliter sample onto the center of the card (Photos 2-3). 
 

4. Slowly roll the top film down onto the sample to prevent air bubbles. Wait 1 min to allow 
liquid to spread automatically. There is no need to use a spreader (Photo 4). Note: 
Some samples do not automatically spread in as large an area as may be wanted, but 
it is a simple matter to encourage spreading by gently applying pressure on the top 
after it is lowered on the inoculum. 

 
5. Incubate at 35±0.5°C for 15-24 hrs (no more 24 hrs).  

 
6. Count the number of colonies detected by green/teal colonies present on the card 

between 15-24 hr incubation and record as the number of E. coli/volume of sample for 
that test. 

 
7. After counting the bacteria, use a dropper to place 1 mL of bleach on the Petrifilm. 

Place in a biohazard bag or sealed plastic bag and dispose of properly. 
 

 
 

Procedure adapted from Roth BioScience, LLC: 
https://cdn.shopify.com/s/files/1/0511/7152/4758/files/R-CARD_E._Coli_-
_Operating_Procedure_5e17a121-e576-4c3f-9747-20b912665b1c.pdf?v=1661878104 

 
 

R-CARD® E. Coli Rapid Test Information: https://www.rothbioscience.com/collections/r-card-
ecoli 
 
 
 

https://cdn.shopify.com/s/files/1/0511/7152/4758/files/R-CARD_E._Coli_-_Operating_Procedure_5e17a121-e576-4c3f-9747-20b912665b1c.pdf?v=1661878104
https://cdn.shopify.com/s/files/1/0511/7152/4758/files/R-CARD_E._Coli_-_Operating_Procedure_5e17a121-e576-4c3f-9747-20b912665b1c.pdf?v=1661878104
https://www.rothbioscience.com/collections/r-card-ecoli
https://www.rothbioscience.com/collections/r-card-ecoli
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https://www.micrologylabs.com 
 

http://www.micrologylabs.com/
http://www.micrologylabs.com/


 

 
 
 
 
 
 
 

 
Source: Vail, J.H. 1998. An Analysis of Fecal Coliform Bacteria as a Water Quality Indicator, 
PhD Thesis 
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Exploratory Data Analysis 
 
Site Location:      

 

1. Select a site in the Lower Grand River Watershed for analysis. 
 
3. Examine data graphically. (line graphs, bar graphs, scatterplots, box plots) 

 
4. Look for relationships and trends. (How many times were the fecal coliform levels 

above 200 mL per 100 mL? Were there seasonal trends?) 
 
5. Compare results with other geographic areas. 

 
Optional: Calculate basic descriptive statistics. (arithmetic average, geometric mean, 
median, range) 

 
Questions: 

 
1. What trends did you see at your site? 

 
 
2. In what percentage of sampling events were the fecal coliform levels above 200 
colonies/100 mL? 

 
 

3. Does the time of the year influence what was happening at your site? 
 
 

4. How did your site compare with other sites? 
 
 

5. Based on the monitoring data alone, should this be a priority area to address for 
bacterial contamination? Why or why not? 

 
 

6. How would information on stream flow and land use help to answer Question 5? 
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STUDENT ACTIVITY 



 

Fecal Coliform Levels (colonies/100 mL) at Sites in the Grand River Watershed 
Source: Grand Rapids Wastewater Treatment Plant 

 
Date Buck 

Creek 
Eastmanville Indian 

Mill Creek 
At Turner 

Mill 
Creek 

Northland 
Drive 

(Plainfield) 

Plaster Creek 
1 – at Burton 

Plaster Creek 
2- at Market 

Rogue River 
At West 

River 
2/15/12 155 20 109 36 10 380 260 36 
5/16/12 770 77 970 230 62 950 2,400 340 
8/15/12 360 120 900 230 22 780 920 82 
11/14/12 230 80 260 136 3 320 260 64 
3/13/13 82 290 2,300 164 250 191 200 127 
4/29/13 73 152 36 91 49 270 36 82 
6/12/13 460 80 710 490 97 290 630 127 
9/18/13 270 147 670 280 25 400 1,320 73 
12/11/13 45 50 440 9 32 2,700 145 45 
1/15/14 182 145 100 127 70 680 820 91 
4/16/14 109 68 164 182 43 1,180 640 173 
6/18/14* >15,000 >1,500 >15,000 >15,000 97 >15,000 >15,000 7,000 
7/16/14 833 143 700 500 123 1,200 600 100 
8/13/14 6,500 >1,500 5,300 2,300 690 >15,000 >15,000 480 
9/17/14 370 210 No data 280 60 650 2,200 127 
10/15/14 4,700 >1,500 3,500 6,100 >660 5,600 5,100 3,000 
2/18/15 9 No data 590 9 20 36 No data 9 
5/13/15 200 670 1,500 1,300 100 1,800 1,190 400 
6/17/15 750 420 2,100 780 670 1,030 560 191 
7/15/15 3,700 710 2,700 670 >1,500 4,600 5,600 300 
8/12/15 880 340 6,700 2,100 >500 940 1,300 650 
9/16/15 460 90 660 250 52 290 2,200 155 
11/18/15 700 137 320 >15,000 28 460 3,800 127 
3/23/16 100 10 45 18 10 45 560 27 
5/18/16 164 55 1,340 200 40 300 250 82 
6/14/16 1,400 107 4,200 460 12 470 4,000 164 
7/20/16 690 5 840 350 28 1,170 2,400 64 

Note: There was 2.08 inches of rain on 6/18/14. 
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TEACHER RESOURCE 
 
 

Example of a Box Plot 
 
 

Source: Vail, J.H. 1998. An Analysis of Fecal Coliform Bacteria as a Water 
Quality Indicator, PhD Thesis 
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Information & Education Strategy to Address Pathogens and Bacteria 
 
Source: Lower Grand River Watershed Management Plan http://www.lgrow.org/lgrwmp 

 
Goal: Restore and maintain waterbodies for partial body contact and full body contact 

use. 

Pollutant 1: Pathogens and Bacteria 

Objectives: 

1) Implement manure management planning and implementation, 
 
2) Implement livestock management practices at access sites, 

 
3) Implement vegetative buffering practices, 

 
4) Encourage proper septic tank management, 

 
5) Implement EGLE population management practices, and 

 
6) Implement sanitary sewer maintenance practices. 

 
Message: Human actions increase the chances of pathogen and bacterial 
contamination in waterbodies. Bacterial contamination from cropland, livestock, septic 
tanks, ducks and geese, and the sanitary sewer create unsafe water for human contact. 

Critical Areas: Impaired Uses: Bass River; Buck Creek; Direct Drainage to Lower 
Grand River; Plaster Creek; Coldwater River; Coopers, Clear, and Black Creeks; 
Crockery Creek, Deer Creek; Threatened Uses: Upper/Lower Rogue River; Spring 
Lake/Norris Creek; Sand Creek 

 

TEACHER RESOURCE 

http://www.lgrow.org/lgrwmp


Groundswell: Communities for Clean Water 33  

TEACHER RESOURCE 
 
 

Practices for Eliminating or Treating Existing Bacterial Sources 
 

Low Density Watershed 
 

• Rehabilitate failing septic systems 
• Connect failing septic systems to sewers 
• Increase septic system clean outs 
• Retrofit stormwater ponds 
• Retrofit ditches as dry swales 
• Waterfowl management 
• Install recreational sewage pumpouts 
• Enforce septic system regulations (design standards, 

setback from streams, receiving soil) 
• Implement conservation plans at farms 
• Reduce impervious cover 

High Density Watershed 

• Eliminate illicit connections to storm sewers 
• Rehabilitate existing sewer systems to eliminate 

sanitary sewer overflows 
• Abate or disinfect combined sewer overflows if present 
• Relocate storm outfalls 
• Disinfect at the end-of-pipe 
• Retrofit stormwater ponds 
• Retrofit ditches as dry swales 
• Waterfowl management 
• Enforce pet waste disposal 
• Reduce impervious cover 
• Encourage “urban housekeeping” of property 

 
Source: Total Maximum Daily Loads and National Pollutant Discharge Elimination System 
Stormwater Permits for Impaired Waterbodies: A Summary of State Practices, page 61. 
https://www.epa.gov/sites/default/files/2015-
07/documents/state_practices_report_final_09_07.pdf 

 

https://www.epa.gov/sites/default/files/2015-07/documents/state_practices_report_final_09_07.pdf
https://www.epa.gov/sites/default/files/2015-07/documents/state_practices_report_final_09_07.pdf
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Lesson Plan Links 
 
Link 3A – Lower Grand River Watershed Management 
Plan https://www.gvsu.edu/wri/isc/lower-grand-river-watershed-management-plan-312.htm 
Link 3B – Lower Grand River Organization of Watersheds website 
https://www.lgrow.org/lgrwmp  

Link 3C – Adopt a Beach Lessons https://greatlakes.org/get-involved/great-lakes-in-your-
classroom/adopt-beach-lesson-
plans/?popup=no&gad_source=1&gclid=CjwKCAjwvvmzBhA2EiwAtHVrb-
LqYtteERtJQqI4zZk6QpSFEGbvkqZiJPvealq3Zakf_iEh0EAzyxoC7q0QAvD_BwE 

Link 3D – BeachGuard https://www.deq.state.mi.us/beach/ 
Link 3E – Can the poop detectives solve a pollution 
mystery? https://eschool.cacaponinstitute.org/cacapon_newsletter_september_2002.htm#Poop 
Link 3F – Centers for Disease Control – Waterborne 
Disease https://www.cdc.gov/healthywater/surveillance/ 
Link 3G – Citizens Monitoring Bacteria: A training manual for monitoring E. 
coli https://web.uri.edu/watershedwatch/bacteria-monitoring-101/  
Link 3H – Go with the Flow https://www.wef.org/globalassets/assets-wef/4-topics/public-
health/following-the-flow-book-an-inside-look-at-wastewater-treatment.pdf  
Link 3I – Homeowners Guide to Septic 
Systems https://www3.epa.gov/npdes/pubs/homeowner_guide_long.pdf  
Link 3J – Lower Grand River Organization of Watersheds (LGROW) https://www.lgrow.org    

Link 3K – Michigan Department of Environment, Great Lakes, and Energy 
https://www.michigan.gov/egle   
Link 3L – Microbial (Pathogen)/Recreational Water Quality 
Criteria https://www.epa.gov/wqc/recreational-water-quality-criteria-and-methods  
Link 3M – Michigan Nonpoint Source Best Management Practices 
Manual https://www.michigan.gov/-
/media/Project/Websites/egle/Documents/Programs/WRD/NPS/Tech/BMP/bmp-manual-intro.pdf  
Link 3N – Michigan Water Stewardship Program https://www.miwaterstewardship.org/ 
Link 3O -MiEnviroPortal, formerly MIWATERS https://www.michigan.gov/egle/maps-
data/mienviroportal  
Link 3P – Nonpoint Source Pollution Environmental Resources 
Guides https://www.epa.gov/nps/resources-students-and-educators-about-nonpoint-source-nps-
pollution  
Link 3Q – Safe Waters, Healthy Waters: A guide for citizen groups on bacterial monitoring 
in local waterways  https://www.cwp.org/wp-content/uploads/2016/06/SAFE-WATERS-
Guide_Final.pdf 
Link 3R – Project WET https://www.projectwet.org/ 

 

https://www.gvsu.edu/wri/isc/lower-grand-river-watershed-management-plan-312.htm
https://www.lgrow.org/lgrwmp
https://greatlakes.org/get-involved/great-lakes-in-your-classroom/adopt-beach-lesson-plans/?popup=no&gad_source=1&gclid=CjwKCAjwvvmzBhA2EiwAtHVrb-LqYtteERtJQqI4zZk6QpSFEGbvkqZiJPvealq3Zakf_iEh0EAzyxoC7q0QAvD_BwE
https://greatlakes.org/get-involved/great-lakes-in-your-classroom/adopt-beach-lesson-plans/?popup=no&gad_source=1&gclid=CjwKCAjwvvmzBhA2EiwAtHVrb-LqYtteERtJQqI4zZk6QpSFEGbvkqZiJPvealq3Zakf_iEh0EAzyxoC7q0QAvD_BwE
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