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Recovery and Persistence of Soil E. coliRecovery and Persistence of Soil Recovery and Persistence of Soil E. coliE. coli

Adapted from:  Whitman, R. L., M. B. Nevers and M. N. Byappanahalli. 2006. Examination of the Watershed-
Wide Distribution of Escherichia coli along Southern Lake Michigan: an Integrated Approach.
Appl. Environ. Microbiol. 72 (11): 7301–7310.
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Soil E. coli strains are genetically distinct 
from animal strains
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Whitman, R.W., M. Fowler, D.A. Shively and M.N. Byappanahalli. 2002. Distribution and characterization of E. 
coli within the dunes creek watershed, Indiana Dunes State Park. Report for: Indiana Department of Natural 
Resources, Indiana Dunes State Park.
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Creek Construction Influences FIBCreek Construction Influences FIBCreek Construction Influences FIB
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Valegard et al. Licensed for use, Inst. for Molecular Virology.
(linked to http://www.bocklabs.wisc.edu/images/ms2.jpg). 20 July 2001.

Courtesy A.B. Jacobson 
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Storm Run-off Increases Detection of Human Markers: 
Enterococcal surface protein (ESP) gene and coliphages
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MS2 Coliphage + MS2 Coliphage - MS2 Coliphage not tested +  Esp+ — Esp-

WEST BRANCHWEST BRANCH EAST BRANCHEAST BRANCH

Ø Esp+ frequency is 52% during storm
ØThere is no pattern in ENT, Esp+ and MS2+ with the distance from creek’s outfall

Distance upstream from outfall [km]
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Evidence of Sewage Release
Salt Creek Sampling Stations
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Whitman, R. L. 1981. Environmental 
quality assessment of Salt Creek 
Porter County, Indiana
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Two Day Diurnal 
Analysis of

Oxygen Saturation,
Salt Creek
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ConclusionsConclusionsConclusions
• E. coli is commonly found in forest soils 

throughout the year, making soil a significant 
source.

• Stream sediments are a source of E. coli to stream 
water during resuspension. 

• Storm run-off introduces sources and may indicate 
the presence of human influence. 

• Reconstruction of creek’s channel should consider 
ecology of FIB.

• Enterococci concentration raises substantially 
during storm conditions, delivering more bacteria 
to the beach.

• Esp gene is not limited to human derived samples; 
it has been found in domesticated animals and 
wildlife.
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Stream Outfalls Affect Beach Water QualityStream Outfalls Affect Beach Water QualityStream Outfalls Affect Beach Water Quality
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southern Lake Michigan. Water Res. 39:5250–5260.
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Local Non-Point SourcesLocal NonLocal Non--Point SourcesPoint Sources

Modified from Thompson and Baedke (1997)

dry sand

wet sand

groundwater

Fine particle 
with associated 
E. coli

Lake Michigan

swash zone

1m     2m    3m     4m     5m

Sand harbors E. coli where 
it may persist and grow, 
making foreshore sand a 

potential sink or source to 
beach water.

Bacteria can be integrated 
into foreshore sand from 
human and animal waste 

and plant material.



Cladophora Commonly Accumulates
in the Great Lakes
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Occurrence of Escherichia coli and enterococci in Cladophora (Chlorophyta) in nearshore 
water and beach sand of Lake Michigan. Appl. Environ. Microbiol. 69, 4714-4719.



Cladophora Harbors E. coli and May Be 
Integrated into Foreshore Sand
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Gulls May Increase E. coli Concentrations 
in Sand and Beach Water
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Critical p value Bonferroni corrected =0.006

Whitman, R.W., T.G.  Horvath,  M.L. Goodrich, M.B. Nevers, M.J. Wolcott and S.K. Haack. 2001. Characterization of E. coli
levels at 63rd Street Beach.  Report for City of Chicago. 
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Whitman R. L., M. B. Nevers and M. N. Byappanahalli. 2006. Examination of the Watershed-Wide Distribution of 
Escherichia coli along Southern Lake Michigan: an Integrated Approach. Appl. Environ. Microbiol. 72 (11): 7301–7310.



E. coli in Sands Collected in Lake Water and 
1 to 5 m Inland From Shore
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Log E. coli  (CFU) in sand per 100 cc
sum of squares df mean square F Sig.

Between groups 9.041 5 1.808 4.457 0.001
Within groups 57.609 142 0.406
Total 66.65 147

ANOVA

Duncan
Distance Subset for alpha = 0.05

N 1 2
lake water 25 1.9526
5 m 25 2.42
4 m 25 2.4761
3 m 25 2.5335
2 m 25 2.7252
1 m 23 2.6307

Log E. coli (CFU) in sand per 100 ml

Adapted from:  Whitman, R. L., M. B. Nevers and M. N. Byappanahalli. 2006. Examination of the Watershed-Wide 
Distribution of Escherichia coli along Southern Lake Michigan: an Integrated Approach. 
Appl. Environ. Microbiol. 72 (11): 7301–7310.
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in Water With Distance From Shore
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Whitman, R.L., Nevers, M.B., 2003. Foreshore sand as a source of Escherichia coli in nearshore water of a Lake 
Michigan beach. Appl. Environ. Microbiol. 69, 5555–5562.



E. coli Concentrations of Lake Water, Pore 
Water, and Sand With Rainfall
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Nearshore Energy (waves and currents) Can 
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Current Direction and E. coli ConcentrationsCurrent Direction and E. coli Concentrations

Mt. Baldy

Central Ave.

Adapted from:  Nevers, M.B., R.L. Whitman, W. E. Frick, and G. Zhongfu. In Review. Concurrent influence 
of two coastal creeks on E. coli concentration at swimming beaches of southern Lake Michigan.



ConclusionsConclusionsConclusions

• Stream outfalls are a source of FIB to beach 
water

• Sand is a sink or source of FIB to nearshore 
beach water

• E. coli commonly occurs and may grow in 
Cladophora mats

• Number of gulls on the beach shore impacts 
FIB concentrations in the sand

• Wind, waves, and currents influence sources
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A Conceptual Diagram of E. coli Within and Between Stream and Beach Watersheds
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Future Challenge: Define 
Fluxes and Budgets
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Adapted from: Whitman, R. L., M. B. Nevers, and M. N. Byappanahalli. 2006. Watershed-wide distribution of Escherichia coli along southern Lake Michigan: 
An integrated approach. Applied and Environmental Microbiology. 72(11): 7301–7310.
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