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Abstract— There are a number of sources that impact the microbial water quality of nearshore surface water.  These 

include development, avian species, and rainfall, to name just a few.  It is often difficult to elucidate the exact cause of these 

changes due to numerous variables that cannot be controlled.  However, the development of shorelines has often been 

implicated in eroded nearshore water quality.  This study utilized a single lake that has minimal inputs of  microorganisms 

from external sources such as rivers, outfalls, avian species, etc..  The lack can easily be divided into developed and 

undeveloped regions as the US Forest Service owns a good portion of the lake shoreline.  This greatly decreases the 

variables between sampling locations.   The overall objective of this study was to evaluate if residential development along 

an inland lakeshore would impact E.coli and/or coliforms found in the adjacent nearshore surface water.  The developed 

regions of the lake showed significantly higher (alpha<0.05) concentrations of coliforms and E.coli when compared to 

undeveloped regions for all three seasons of the study.  While the study lasted three sample seasons, each year resulted in 

very similar overall results to each other.  Yearly means of coliforms and E.coli at each sample location group were 

compared to each other and found that the means between these groups were similar each year and not statistically different.  

While this project does not suggest what the cause of the increased coliform and E.coli concentrations in the nearshore, it 

does provide an important contribution to other work that suggests development may adversely impact nearshore water 

quality.  This unique study site could be used for future studies due to unusual ability to control extraneous inputs of 

coliforms and E.coli. 
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I. INTRODUCTION 

The use of recreational water sites along lakes, rivers, or oceans, are one of the most popular activities in many parts of the 

world.  However, these waters contain varying levels of health risk as it relates to microbial water quality.  Fecal material 

from swimmers, domestic animals (dogs, cattle, and horses), as well as waterfowl (geese, gulls, and ducks), all lead to 

increases in microbial loading at beaches [1,3].  Additionally, rainfall and runoff due to rainfall events has been associated 

with increasing microbial levels in recreational waters along numerous beaches including several coastal areas in Wisconsin 

[1,2] [Kinzelman, Racine County, WI Health Department, personal communication, 2003].  This runoff can lead to beach 

closures and potentially unsanitary conditions at recreational water sites [4,5] When one considers the Great Lakes region is 

home to over 40,000 lakes and over 20% of the worlds freshwater resources, the impact of development on shorelines and 

water quality is an environmental, economic, and social issue.  

The sources of these microbial pollutants are often diverse and are difficult to identify.  Heavy rainfall was implicated in 

increasing bacterial contamination at beaches in several areas of the country [1,6]. On the Santa Monica Bay beaches in 

southern California, health departments typically issue warnings for the public to avoid recreational water contact for 3 days 

following a rainfall event [3].  The negative impact of stormwater on beach water quality has led to a myriad of option for 

controlling stormwater.  Some of these include grass buffer partitions [7], stormwater detention basins [8], media filters [9], 

catch basin inserts, and infiltration units [10] to name just a few.   

The very large population of waterfowl along coastal waters is not a new occurrence in many areas.  The large quantity of 

various birds are not only a nuisance during a day at the beach but have the potential to carry diseases harmful to humans.  

Pathogens like Salmonella are generally not found in high numbers in one individual gull or goose, but when 100’s or 1000’s 

of gulls or geese are roosting in one area a health hazard arises [11].  There are a number of investigators that have attempted 



International Journal of Engineering Research & Science (IJOER)                     ISSN: [2395-6992]          [Vol-3, Issue-1, January- 2017] 

Page | 25  

  

to evaluate the effects that avian species have on indicator organisms in recreational water quality.  The avian species that 

can impact recreational waters include gulls, geese, ducks, and/or pigeons [5,12,13].   

In the last ten years there has been increased concern involving fecal contamination at recreational beaches. In 2000, the 

United States Congress passed the Beaches Assessment and Coastal Health (BEACH) Act that provided specific criteria for 

beach monitoring, better public notification, and increased funding for state and local health departments to develop and 

continue beach monitoring programs [14].  Since the onset of this program there has been both an abundance of data 

collected on fecal indicator concentrations in the Great Lakes and on research related to the potential sources of 

contamination.  Outside of most major metropolitan areas there are no combined sewer systems and none that discharge to an 

inland lake in Wisconsin.   

Naturally occurring microbes are ubiquitous in water and include such organisms as Escherichia coli, or E.coli.  It is the 

difference between the natural cycling of these organisms and the artificial inputs of these organisms that has confounded 

water quality researchers.  When these microbes do not occur in normal concentrations, concerns are raised regarding the 

public health risks.  Generally, the bacteria that are associated with fecal contamination are thought to be those that reside in 

mammalian intestines [15]. Once mammalian feces are defecated into the environment the microbes existing in these feces 

have the potential to cause disease.  Bacteria capable of causing disease, or pathogens, are the primary concern when it 

comes to evaluating water quality and the risk of microbial content to public health [15]. In general, pathogens can be 

difficult to monitor and expensive and time consuming to examine. Recreational water quality is generally measured using 

indicator organisms or bacteria that have traditionally been thought to behave similarly to pathogens [16]. These organisms 

are much easier to test for and are extremely cost effective.  

The impact of development of the water quality in adjacent surface waters has been studied by a number of researchers [17-

20].  Many of these impacts include increased nutrient loadings, sediment runoff, and introduction of invasive species to the 

shoreline or riparian zone of the lake [21].  Furthermore, the leakage of sewerage from failing or improperly installed septic 

systems can be an issue for rural areas [22,23].  The removal of vegetative buffers, increased pet wastes, septic contributions, 

and planting of lawns instead of thicker diverse vegetation can increase the probability of runoff from developed sites.  

Clearly, the development of lakeshore property has the potential to not only impact the land upon which construction takes 

place, but also the adjacent water resources [24-26].  However, we are aware of no studies that have looked at the indicator 

organism (i.e., coliforms or E.coli) contributions based exclusively on the development status of the shoreline in a single lake 

setting.  In most cases, this is almost impossible due to confounding factors at the water sampling sites such as transient 

waterfowl, currents, water inputs from outside areas, storm sewers, to name just a few [27,28].  

The overall objective of this study was to evaluate if residential development along an inland lakeshore would impact E.coli 

and/or coliforms found in the adjacent nearshore surface water.   

II. MATERIALS AND METHODS 

2.1 Sample site selection 

Beatons Lake, MI is approximately 1.7 km
2
 lake located in Michigan’s Upper Peninsula (Figure 1).  Beatons Lake is spring 

fed, reaches depths of greater than 28m, and has no steam inflows and contains only one outflow.  Development on the lake 

dates to the 1920s and quite a bit of the shoreline is undeveloped land owned by the US Forest Service (USFS).  

Additionally, this lake is typically home to 4 Common Loons (Gavia immer), but is almost constantly and continually devoid 

of other waterfowl such as geese and gulls.   In fact, two game cameras placed on the lake throughout the period of study 

found that no avian species were observed on the water on any day other than the aforementioned Loons.  The lake is unique 

in that there has not been development of new areas of the lake in at least 10 years before this study and the lake is almost 

self-contained and has minimal waterfowl contributions to fecal loads.  There is no influent flow and only a small outflow for 

the spring-fed lake.  Two Loon nesting platforms are present out in the lake and were not near any sampling site and are not 

near shorelines.  Ten samples collected each year 10 m from each platform found no sample with detectable E.coli and 

coliforms with a mean of 51.0 MPN/100mL (+/- S.D. 23.9). 
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FIGURE 1. MAP OF BEATONS LAKE SAMPLE SITES. 

2.2 Water Sample Collection 

Recreational water samples were collected from the twenty two sample site along the shoreline of Beatons Lake, MI.  Twelve 

of these sample sites were located in the riparian zone of developed shoreline (Figure 2).  Ten of these sample sites were 

from the riparian zone of undeveloped and generally inaccessible shoreline owned by the USFS.  Samples were collected in 

30 cm of water with collection occurring approximately 15 cm below the water surface.  All water samples were collected 

into 100mL sterile, polystyrene collection bottles (IDEXX Corp., Portland, ME) and placed at 4ºC until E. coli concentration 

analysis was conducted.  Care was taken to collect samples in a uniform and non-intrusive way as not to contaminate samples 

with excess disruption of sediments or floating debris.  Samples were analyzed within 4 hours of collection.   

2.3 Sample Analysis 

The defined substrate test, Colilert™ (IDEXX Corp., Portland, ME), was used to analyze all samples for E. coli and coliform 

concentrations [29].  Incubation and microbial enumeration from samples were conducted following the manufacturer’s 

recommendations.  All water samples were maintained at 4°C until analysis and E. coli concentrations were expressed as 

most probable number/100 mL water (MPN/100 mL).  The laboratory at the Vilas County Health Department is a Wisconsin 

State Certified Laboratory (certification #105-445) in Eagle River, WI with a Quality Assurance plan on file with the WI 

Department of Agriculture, Trade and Consumer Protection (DATCP) maintained by the University of Wisconsin Oshkosh 

was utilized for all analysis.  Positive, negative, and proficiency testing controls were prepared in accordance with the 

laboratory’s quality assurance plan. 

2.4 Statistical and Graphical Analysis 

Statistical analysis (ANOVA and t-tests) was performed with Systat 11.0.  Figures were generated with Microsoft Excel 

2011. 
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III. RESULTS 

Overall, results from the three-year study showed that the developed shoreline regions contained higher concentrations of 

both coliforms (Fig. 2) and E.coli (Fig. 3) in nearshore waters when all data was combined (n=726 for each parameter).   

During each year there were a total of 242 samples collected for both coliforms and E.coli, with 22 samples collected for 

each per sampling event.  Table 1 and Figs 2 & 3 also show that each year of the study concentrations showed greater means 

for developed nearshore water sampling sites.  This was true of both the coliform and E.coli analysis. 

  

FIGURE 2 MEAN VALUE FOR COLIFORMS BY SITE 

FOR ALL YEARS STUDIED.   

FIGURE 3. MEAN VALUE FOR E.COLI BY SITE FOR 

ALL YEARS STUDIED 
 

Furthermore, Figs. 4 and 5 illustrate the differences between developed shoreline and undeveloped regions of Beatons Lake 

(N=242 per year per analysis) with years separated.  Taken with the lack of coliforms and E.coli found in central lake 

samples, it appears that shoreline development has something to do with the elevated concentrations in the developed 

nearshore areas of the lake.  The source of coliforms and E.coli at these sites is unknown but could be runoff from pet waste, 

increased wild animal activity in cleared areas, cleaned shorelines for swimming, decreased vegetative/filtering on the 

shoreline, increased overland runoff to the surface water, etc..  It should be noted that the overall concentrations of E.coli are 

very low in these samples when compared to the US EPA recreational water beach advisory and/or closure criteria of 235 

E.coli/100mL of water [30].  While the absolute concentration of coliforms and E.coli are slightly different for each of the 

three years of the study, the pattern is clear and the same for each of the three years. 

TABLE 1 

MEAN VALUES FOR COLIFORMS AND E.COLI FOR EACH OF THE YEARS STUDIED. N= 242 PER YEAR PER 

ANALYSIS Table 1.  Mean coliform and E.coli values from Beatons Lake sampling. 

Mean SD Mean SD

Undeveloped 146.0 81.2 14.7 10.3

2005 Developed 388.7 350.6 36.0 27.0

Overall 278.4 290.6 26.3 23.6

Undeveloped 112.1 81.1 7.2 7.0

2006 Developed 274.9 297.3 29.3 45.7

Overall 200.9 240.0 19.2 35.8

Undeveloped 131.5 125.0 2.6 2.2

2007 Developed 249.3 316.4 8.3 4.7

Overall 195.7 254.8 5.7 4.7

Coliforms (MPN/100mL) E.coli (MPN/100mL)
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(A) (B) (C) 

FIGURE 4. TOTAL COLIFORM CONCENTRATIONS FOR 2005 (A), 2006 (B), AND 2007 (C) SAMPLING SEASONS. 
 

   

(A) (B) (C) 

FIGURE 5 E.COLI CONCENTRATIONS FOR 2005 (A), 2006 (B), AND 2007 (C) SAMPLING SEASONS. 
 

The differences in coliform and E.coli concentrations between developed and undeveloped sampling sites was significant 

(alpha >0.05) when the three seasons are combined (p<0.001) and for each year of the study (Table 2).  In fact, when the 

years are separated, most years also showed significant differences between developed and undeveloped regions each year 

for coliform and E.coli concentrations.  There were only a few yearly comparisons that showed differences at a level 

alpha>0.05.  While not statistically different, the mean values were still very different from each other.  While means were 

different between years, each year has different weather, etc. that can account to differences between years and it is difficult 

to compare between years.  Additionally, yearly the means of coliforms and E.coli at each sample location group were 

compared to each other (i.e., undeveloped groups to each other and developed groups to each other) and found that the means 

between these groups were similar each year (data not presented) and not statistically different.  This suggests that each 

group of developed and undeveloped behaved similarly to each other and there were not a small amount of groups (or one) 

that unduly influenced overall means in the developed and undeveloped groups.  That is, each grouping within the two major 

groups (developed and undeveloped) were similar in their results when compared to each other for each year of the three year 

study. 

TABLE 2 

COMPARISON OF SAMPLING BETWEEN YEARS AND LOCATIONS USING T-TESTS.  THOSE MEANS THAT ARE 

DIFFERENT (P>0.05) ARE IN BOLD.  OVERALL MEANS WERE SIGNIFICANTLY DIFFERENT EACH YEAR 

BETWEEN DEVELOPED AND UNDEVELOPED SAMPLING AREAS.   

Coliform E.coli

2005 0.00 0.00

2006 0.00 0.00

2007 0.00 0.00

2005 vs 2006 0.00 0.00

2005 vs 2007 0.16 0.00

2006 vs 2007 0.09 0.00

2005 vs 2006 0.00 0.15

2005 vs 2007 0.00 0.00

2006 vs 2007 0.50 0.00

Undeveloped

Developed

Developed versus Undeveloped

 



International Journal of Engineering Research & Science (IJOER)                     ISSN: [2395-6992]          [Vol-3, Issue-1, January- 2017] 

Page | 29  

  

IV. CONCLUSION 

This is the first study that the author is aware of on the coliforms and E.coli concentrations within a single lake that has 

minimal inputs of microorganisms from external sources such as rivers, outfalls, avian species, etc..  Additionally, the fact 

that a good portion of the lake shoreline has never been developed it also presented a unique opportunity to evaluate the 

differences in coliforms and E.coli in the nearshore environment with minimal differences in location and water conditions.  

While the concentrations of each parameter found during this study were relatively low, the same trends could be found in 

locations with markedly higher concentrations of these microorganisms. 

The developed regions of the lake showed significantly higher concentrations of coliforms and E.coli when compared to 

undeveloped regions for all three seasons of the study.  While the study lasted three sample seasons, each year resulted in 

very similar overall results to each other.  That is, the trends were the same each year and show a clear relationship between 

development and an impact on coliform and E.coli concentrations in nearshore water.  Additionally, yearly the means of 

coliforms and E.coli at each sample location group were compared to each other (i.e., undeveloped groups to each other and 

developed groups to each other) and found that the means between these groups were similar each year and not statistically 

different.  This suggests that even the sample groups within the bigger developed and undeveloped groups behaved similarly. 

While this project does not suggest what the cause of the increased coliform and E.coli concentrations in the nearshore water 

of the developed regions of the lake, there are a number of plausible possibilities that would be supported by other specific 

studies.    Some of these influences could be failing septic systems, infiltration from septic leach fields, runoff from pet 

waste, increased wild animal activity in cleared areas, cleaned shorelines for swimming, decreased vegetative/filtering on the 

shoreline, increased overland runoff to the surface water, etc..  Each of these possible sources could be evaluated in future 

studies to elucidate the relative percent contribution to the nearshore water. 

ACKNOWLEDGEMENTS 

The authors would like to thank the various UW-Oshkosh students who helped collect and analyze samples over the three-

year project.  Special thank you to the Vilas County Health Department for providing the lab space used for this project. 

REFERENCES 

[1] Winfield, M.D., and Groisman, E. A.  (2003) Role of nonhost environments in the lifestyles of Salmonella and Escherichia coli.  

Appl. Environ. Microbiol., 69, 3687. 

[2] Kleinheinz, G.T., McDermott, C.M. and Sampson, R. (2003) Recreational Water: Microbial Contamination and Human Health.   

Special “Water” Volume of the Transactions of the Wisconsin Academy of Sciences, 90, 75-86. 

[3] Ackerman, D. and Weisberg, S.B.  (2003) Relationship between rainfall and beach bacterial concentrations on Santa Monica Bay 

beaches.   J. Water Health 1(2), 85-90. 

[4] Sampson, R.W., Swiatnicki, S.A. McDermott, C.M., Kleinheinz, G.T.  (2006) The effects of rainfall on E. coli and total coliform 

levels at 15 Lake Superior recreational beaches. Water Resource Management.  20(1), 151-159.  

[5] Kleinheinz, G. T., McDermott, C.M., Leewis, M.C., Englebert, E. (2006) Influence of sampling depth on Escherichia coli 

concentrations in beach monitoring. Water Research. 40, 3831-3837. 

[6] Haack, S.K., Fogarty, L.R., and Wright, C. (2003) Escherichia coli and Enterococci at beaches in the Grand Traverse Bay, Lake 

Michigan: sources, characteristics, and environmental pathways, Environ. Sci. Technol.,  37, 3275-3282. 

[7] Guber, A.K., Karns, J.S., Pachepsky, Y.A., Sadeghi, A.M., Van Kessel, J.S., and Dai, T.H. (2007) Comparison of release and 

transport of manure-borne Escherichia coli and entercocci under grass buffer conditions, Lett. Appl. Microbiol., 44, 161-167. 

[8] Hogan, D.M., and Walbridge, M.R. (2007) Best management practices for nutrient and sediment retention in urban stormwater runoff, 

J. Envrion. Qual., 36,386-395. 

[9] Barrett, M.E. (2005) Performance comparison of structural stormwater best management practices, Water Environ. Res., 77, 78-86. 

[10] Birch, G.F., Fazeli, M.S., and Matthai, C. (2005) Efficiency of an infiltration basin in removing contaminants from urban stormwater, 

Enriron, Monit. Assess., 101,23-38. 

[11] Girdwood, R. W. A., Fricker, C. R., Munroe, D., Shedden, C. B., and Monaghan, P. 1985. The incidence and significance of 

Salmonella carriage by gulls (Larus spp.) in Scotland. J. Hyg. 95: 229-241. 

[12] Levesque, B., Brousseau, P., Bernier, F., Dewailly, E., and Joly, J. 2000. Study of the Bacterial Content of Ring-Billed Gull 

Droppings in Relation to Recreational Water Quality. Water Res. 34: 1089-1096. 

[13] Dombek, P. E., Johnson, L. K., Zimmerley, S. T., and Sadowsky, M. J. 2000. Use of Repetitive DNA Sequences and the PCR to 

Differentiate Escherichia coli Isolates from Human and Animal Sources. Appl. Environ. Microbiol. 66: 2572-2577. 

[14] US EPA. (2000) Beaches Environmental Assessment and Coastal Health (BEACH) Act of 2000.  United States Environmental 

Protection Agency, Washington, D.C.   



International Journal of Engineering Research & Science (IJOER)                     ISSN: [2395-6992]          [Vol-3, Issue-1, January- 2017] 

Page | 30  

  

[15] Benskin, C. McW. H., Wilson, K., Jones, K., and Hartley, I. R. 2009. Bacterial pathogens in wild birds: a review of the frequency and 

effects of infection. Biol. Rev. 84: 349-373.  

[16] Colford Jr., Wade, J. M. T. J., Schiff, K. C., Wright, C. C., Griffith, J. F., Sandhu, S. K., Burns, S., Sobsey, M., Lovelace, G., and 

Weisberg, S. B. 2007. Water Quality Indicators and the Risk of Illness at Beaches with Nonpoint Sources of Fecal Contamination. 

Epidemiology. 18: 27-35. 

[17] Bell JBB, Elliott GEE, Smith DWS. 1983. Influence of Sewage Treatment And Urbanization On Selection Of Multiple Resistance In 

Fecal Coliform Populations  

[18] Boistad, PVB, Swank, WTS. 1997.Cumulative Impacts Of Landuse On Water Quality In A Southern Appalachian Watershed 

[19] Chowdhury FC, Rahman MAR, Begum YAB, Khan AK, Faruque AF, Saha NCS, Baby NIB, Malek NAM, Kumar ARK, 

Svennerholm AS, Pietroni MP, Cravioto AC, Qadri FQ.  2011. Impact of Rapid Urbanization on the Rates of Infection by Vibrio 

cholerae O1 and Enterotoxigenic Escherichia coli in Dhaka, Bangladesh  

[20] Desai AMD, Rifai HSR. 2013. Escherichia Coli Concentrations In Urban Watersheds Exhibit Diurnal Sag: Implications For Water-

Quality Monitoring And Assessment 

[21] Nagy RCN, Lockaby BGL, Kalin LK, Anderson CA. 2012. Effects of Urbanization on Stream Hydrology and Water Quality: The 

Florida Gulf Coast  

[22] Kelsey HK, Porter DEP, Scott GS, Neet MD. White DW. 2004. Using Geographic Information Systems And Regression Analysis To 

Evaluate Relationships Between Land Use And Fecal Coliform Bacterial Pollution  

[23] Marchis MDM, Freni GF, Napoli EN. 2012. Modelling of E. coli distribution in coastal areas subjected to combined sewer overflows  

[24] Schoonover JE, Lockaby BG. 2006. Land cover impacts on stream nutrients and fecal coliform in the lower Piedmont of West 

Georgia  

[25] Tong SYT, Chen WC. 2002. Modeling the relationship between land use and surface water quality  

[26] Wilbers GJW, Mathias Becker MB, Nga LTN, Zita Sebesvari ZS, Renaud FGR. 2014. Spatial and Temporal Variability Of Surface 

Water Pollution In The Mekong Delta, Vietnam   

[27] Donigian ASD,Huber WCH. 2013.Modeling of Nonpoint Source Water Quality in Urban and Non-Urban Areas  

[28] Wu JW, Rees PR, Dorner SD. 2011. Variability of E. coli density and Sources in an Urban Watershed  

[29] American Public Health Association.  (1999) Standard Methods for Examination of Water & Wastewater. 20th Ed.  Edited by L. S. 

Clescerl, A. E. Greenberg, A. D. Eaton. Washington, D.C. 

[30] Wisconsin Department of Natural Resources. (2001) Water quality standards for Wisconsin surface waters.  NR/102.  Department of 

Natural Resources, Madison, WI. 


