




What Has Happened to the Pine River Watershed 
Over Time?



Mill Pond, 1980s



Looking downstream towards St. Louis 
at Cheesman Road bridge in St. Louis

2018



Why This Study?



Why This Study?

ÅThe Saginaw River Drainage Basin has been plagued by industrial pollution. 
By Mid-1990s, a new source of pollution (Agriculture) was evident in the 
headwaters region: Mostly in the Pine River Watershed.
ÅAlma College, along with the State of Michigan and others have conducted a 

significant amount of research on multiple aspects of the Pine River 
Watershed.
ÅThere is enough information from the past 20 years to draw specific 

conclusions about what is happening to the Pine River Watershed, and 
the most likely causes.
ÅWe hope that appropriate agencies and individuals can use this information 

to make lasting change.



Presentation Overview

The Presentation is Broken into Three Parts According to what research was 
done and for what purpose beginning in 2004

PART 1: What is the role of large livestock facilities (CAFOs) to the algal 
blooms we see in the watershed?

PART 2: What pollutants are in the Pine River Watershed that may pose risks 
to human health and the environment?

PART 3: How extensive is the impact of agricultural inputs to the watershed 
as a whole?







Results 1: Assessing Whether CAFO Facilities are 
Negatively Impacting the Watershed

2004 - 2013



Outline of Study
ÅFrom 2004 т 2013, large livestock facilities adjacent to drainage 

ditches or tributaries were assessed

ÅSamples of adjacent waterways were taken upstream and 
downstream of each facility

ÅN and P, DO and Temperature were measured

ÅAlso, coliform bacteria were incubated and measured



Seven CAFOs were 
investigated in total. 
Three fit the criteria 
necessary to ensure the 
least confounding 
variables.

Criteria for CAFO Facility
1. Tiled into adjacent 

waterway
2. Little-to-no other 

inputs into waterway 
between upstream 
and downstream sites

3. Upstream and 
downstream sites 
close to facility



Upstream Site of CAFO 1 August 8, 2004 Downstream Site of CAFO 1 August 8, 2004









What Else Did We Learn About CAFOs As Inputs for 
N and P?

ÅWe find a strong correlation between N and P downstream from the 
facilities compared with upstream

ÅIn short: The higher the correlation between N and P, the closer you 
are to the absolute source of the nutrients



N and P Correlation for 
Upstream Samples

N and P Correlation for 
Downstream Samples

CAFO 1: 2004

CAFO 2: 2009

N and P Correlation for 
Downstream Samples

N and P Correlation for 
Upstream Samples



N and P Correlation for 
Upstream Samples

N and P Correlation for 
Downstream Samples

CAFO 3: 2013

For every CAFO we measured, there was a significantly higher correlation of N and 
P for the downstream samples indicating CAFOs are the source of high nutrient 
inputs into the watershed

r = 0.01



Take-Aways for Assessing CAFO Facility Impacts 
on the Pine River

Large livestock facilities (CAFOs) are responsible for discharging 
nutrients into the Pine River Watershed:

ÅThey input high concentrations of N and P into county drains and tributaries of 
the Pine River 

ÅCorrelation analyses confirm CAFO facilities as point source dischargersof 
nutrients into the watershed

ÅCAFOs also discharge high concentrations of fecal coliform bacteria (E. coli) 
compared with upstream samples (this will be discussed next)...



Results 2: Assessing Human Health and Biological Risks 
in the Pine River Watershed and Their Sources

2007 - Present



Fecal coliform bacteria from 
samples taken upstream and 

downstream of a CAFO in 
2004 indicate there are 

extremely high 
concentrations of E. coli 
coming from CAFO point 

sources



E. coli Numbers of Concern

Å130 CFU/100mL
o no swimming warning

Å300 CFU/100mL
o Increased infection and illnesses 

Å1000 CFU/100mL
o People should not come into contact with the water 
o No exposure warning
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E. coli Comes From PR Tributaries and Ditches/Drains



Drain tiles allow the "flushing" of nutrients and E. coli into the watershed after rain events. This is proof 
that the overwhelming amount of bacteria and nutrients are NOT coming from leaking septic systems 
or even direct connects, but from manure application sites and CAFO sites which are tiled.



What All This E. coli Means for Our Health

ÅE. coli strain O157:H7

ÅPathogen

ÁResides in intestines of cattle, pigs, and other livestock

ÅProduces a toxin extremely dangerous in humans

ÅToxins excreted by E. coli are known for producing Hemolytic Uremic 

Syndrome (HUS) in kids

ÁBlood clots

ÁUrine in bloodstream

ÁKidney failure



Å While E. coli levels may rise and fall, the bacteria leave behind their DNA

This is a form of ñDNA Pollutionò 

 DNA pollution lingers in sediments and can be picked up and used by other bacteria, including

                  human pathogens

     Several studies conducted by Alma College demonstrate the presence, relative concentration, and

                    source of these genes

DNA Pollution: Why It Matters



Gene Transfers



Do We See This DNA Pollution in the Pine River?

ÅThe more antibiotics given to animals, the more resistant the bacteria 
that is found in the waste

ÅAlma College first looked at background levels of some of the genes 
that cause antibiotic resistance

ÅThen, sediment samples were collected to assess the presence of 
these "resistance genes"



Background Samples



Agriculturally Impacted Samples



ARG Prevalence: Maple River Watershed



Antibiotic Resistance Genes т Mapping Where They Are 
and Where They are Coming From









Åengineered drains/creeks near CAFO operations are hotspots* for ARGs

  * these hotspots have been shown to provide ARGs of medical
     importance to local bacteria populations (previous study)

Å lingering DNA pollution appears to be restricted to creeks and ditches near  
CAFO operations

Å the human septic systems in Riverdale do NOT contribute to this problem

Åhuman antibiotic use is not a local environmental danger т CAFOs are.



Takeaways for Human Health Risks

ÅChildren are disproportionately affected by E. coli strain 0157:H7

ÅAverage E. coli levels in Pine River and its tributaries are extremely high 
and in concentrations believed to be potential harmful for human contact

ÅE. coli and other bacteria found in sites affected by livestock facilities and 
manure application sites are highly resistant to antibiotics, including 
some predominantly used in human population

ÅAgricultural inputs affect the entire watershed



Results 3: How Widespread Are Agricultural Impacts in 
the Watershed + Downstream Expansion of the Problem

иReports of an expanding algal bloom were reported as early as 2012

иAerial photos and resident complaints confirm that the algae were 
expanding into the headwaters

иBy 2019, St. Louis residents complained to the City Council that algal 
blooms appeared in the Pine River where there were never blooms

иBeginning in 2013, manure dumps in early spring were being recorded

2012 - Present



Raw manure dump, Pine River, May, 2024

Manure dumps are now an annual 
occurrence sometimes occurring two or 
three times �ó usually in the area of the 

Pine River above the mill pond


