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Abstract 

The Otter Creek watershed is located in west-central Indiana, draining nearly 124 square miles in 

Clay, Parke, and Vigo Counties that drains into the Wabash River. This creek is of high 

recreational value for fishing and canoeing, and the Indiana Department of Environmental 

Management (IDEM) had identified many stretches of the creek to have high levels of 

Escherichia coli (E. coli) so we decided to continue studying this watershed to locate potential 

sources of E. coli and to examine the geochemistry of the sediments in the creek. We took water 

samples from five areas of the creek and tested these samples for E. coli. To test the samples, we 

used E. coli test kits with tablets that gave us a positive or negative result. All five of the water 

samples tested positive for E. coli. Our other interest was to test the sediment along the banks of 

the creek for heavy metal contamination. We collected six soil samples from the same five 

locations that the water samples were taken, but they were collected on the bank of the creek. We 

used the x-ray fluorescence (XRF) spectrometer in the biogeochemistry lab to test the samples 

for heavy metal contamination. The XRF tests revealed low potassium concentrations at Roberts 

Road, iron concentrations at the Rosedale site that were 63.4% higher than the average, silicon 

and zinc concentrations at the Rosedale site that were 62% elevated, and slightly higher than 

normal lead content at the Rosedale site. We concluded that further inspection of the Rosedale 

Road site is required to find the origin of the elevated anomalies.  



Introduction 

Elevated E. coli levels are the leading cause of stream water quality impairments in the United 

States. The U.S. Environmental Protection Agency (USEPA) estimates that a minimum of 

748,072 km of streams are contaminated with E. coli, potentially posing a risk to human health 

(Pandey and Soupir, 2013). In 2009, the Indiana Department of Environmental Management 

(IDEM) conducted a survey of Otter Creek. The cause of the survey was an E. coli 

contamination. IDEM suggested the sources of E. coli contamination could be pastures, 

agriculture, urban and rural runoff, land application of manure, and malfunctions of home 

sewage disposal systems.  

 

E. coli bacteria naturally live in the intestines of healthy humans and animals. Most varieties of 

E. coli are harmless or cause relatively brief diarrhea. However there are strains, such as E. coli 

O157:H7, that can cause severe abdominal cramps, bloody diarrhea and vomiting. Healthy adults 

usually recover from an E. coli O157:H7 infection within a week. Older adults and young 

children are at a greater risk of developing a life-threatening form of kidney failure from the 

O157:H7 strain of E. coli (Meyer, 2015). It is estimated that 265,000 E. coli infections occur 

each year in the United States, the strain O157:H7 causing about 36% of those infections (Seidu, 

et al., 2015). 

 

E. coli and many other bacteria make up some 70 percent of fecal matter by weight. Since E. coli 

is an important member of the bacterial flora found in the human colon, and that as many as 50 

percent of dairy and beef cattle herds carry the E. coli O157:h7 strain, the presence of E. coli is 

used as an indication of fecal contamination of water. Water supplies may be contaminated in 



several ways, including inadequate sewage treatment and runoff from irrigation of land where 

fertilizers containing animal waste have been used (Seidu et al., 2015). 

 

Along with the E. coli testing of the creek, we performed XRF tests on sediment samples taken 

from the creek banks. XRF spectrometer is an x-ray instrument used for non-destructive 

chemical analysis of rocks, minerals, sediments, and fluids. The XRF process tests samples for 

their levels of elements such as potassium, lead, uranium, arsenic, zircon, zinc, copper, nickel, 

iron, manganese, chromium, vanadium, antimony, cadmium, aluminum, silicon, chlorine, and 

magnesium. The evaluation of major and trace elements in materials by XRF is done when 

radiation from the instrument knocks an electron out of the nucleus of an atom and one of the 

electrons from the shells falls into the nucleus to replace it, discharging a set amount of energy 

that can be related to the element being detected (Suhailly et al., 2014). Heavy metal enters the 

environment from natural and anthropogenic sources (Ali et al., 2013). Sources of excess heavy 

metal deposition in soil include agriculture, mining, smelting, electroplating, and other industrial 

activities.  

 

The Otter Creek Watershed includes 220 miles of stream and drains 124 square miles (IDEM 

2014). The watershed includes portions of Clay, Parke, and Vigo county and includes parts of the 

following cities: North Terre Haute, Seelyville, Staunton, Brazil, and Carbon (Figure 1). The 

land in the watershed is mainly a mixture of forest and agriculture or pastureland that includes 

many head of cattle, horses, pigs, and sheep (Figure 2).  



 

Figure 1: The Otter Creek Watershed including all of its named branches and the IDEM 
sampling locations (map created by Cindy Martin 2009).  
 

 

Figure 2: Google Maps image of the Otter Creek Watershed that shows the mix of forest and 
agricultural land. 
 



IDEM has surveyed the streams in the Otter Creek Watershed in 2008 (Figure 3) and again in 

2014 (Figure 4) for E. coli contamination and found a great increase from a few stretches of 

contamination in the stream to almost every stretch showing presence of E. coli (IDEM 2014). 

This Total Maximum Daily Load report from IDEM has raised enough concern about the 

watershed that a community group called the Ouabache Land Conservancy has brought together 

a group community organizations and individuals to apply for an IDEM 319 grant that was 

submitted in September 2015. The work that is reported on here was completed in an Indiana 

State University ENVI 460: Conservation and Sustainability course and later followed up with 

an independent research project from Carlos Montanez under the supervision of Dr. James H. 

Speer.  

 
Figure 3: Streams listed on the 2008 Section 303(d) list in the Otter Creek Watershed of impaired 
stretched of Otter Creek from the IDEM 2014 TMDL Report. 
 



 

 
Figure 4: Streams listed on the 2014 Section 303(d) list in the Otter Creek Watershed of impaired 
stretched of Otter Creek from the IDEM 2014 TMDL Report. 
 

Methods 

In December 2015, we drove through much of the watershed, taking back roads that frequently 

crossed different stretches of Otter Creek and its tributaries. During these travels, we took 

photographs of many of the common observations along the drive using a Pentax WG-10 

camera.  

 

In spring 2015, we collected five water samples from six locations along the creek for E. coli 

testing in an presence/absence test. These sampling locations were  at road crossings at Clinton 



Street, Rosedale Road, Roberts Road, Hasselburger Avenue, and Highway 41 which intersected 

with the creek. We put each of those samples in separate glass vial and added an E. coli testing 

tablet to the vial. To culture the sample, the vials had to be covered in aluminum foil and placed 

upright for 48 hours. After 48 hours, we uncovered the vials and compared the color of the 

sample to the color card. In general, red meant a negative result and yellow meant the sample 

was positive for E. coli.  

 

We also collected six soil samples from the same locations as the water samples, but along the 

bank of the creek. We placed the samples in whirl-paks and used x-ray fluorescence (XRF) to 

test the heavy metals levels in each of the samples through the film of the bag. We compared 

these levels with the levels that are currently deemed as safe for each of the metal components. 

In December 2015, we collected four more sediment samples for XRF analysis and completed a 

dashboard survey of the watershed starting at Mill Pond and driving through back roads along 

branches of the creek back to the location where the North Branch of Otter Creek crosses Hwy 

59 north of Carbon, Indiana (Figure 5).  



 

Figure 5: We took samples with a soil auger, collected the top three inches in a whirl-pak bag 
and measured the elemental concentration through the bag with the XRF. 
 



Results  

During our dashboard survey of the area, we observed much forest area around the streams and 

extensive agricultural land as well (Figure 6). Many plots of land had livestock such as cattle, 

horses, miniature horses, and sheep. The density of animals was never observed to be very high. 

A railroad crosses through the area and a conservation club is located in the middle of the 

watershed.  

 

Each of the six water samples were bright yellow, meaning they were positive for E. coli (Figure 

7). E. coli has been found to be present in almost all of the stretches of Otter Creek in the IDEM 

2014 report and we were able confirm that result with the presence of E. coli at each of our test 

sites in April 2015. 

 

  



 
Figure 6: Images from our dashboard tour on December 4th, 2015. We observed a fairly stable 
watershed with much forested land and agriculture.  We also saw many head of cattle, horses, 
and miniature horses, although the densities were not very high.  



 

Figure 7: Each of the six sites tested positive for E. coli as represented by their yellow color.  
The pattern of elemental concentrations was consistent across the sites with relatively high levels 
of Iron, Manganese, Zircon, Strontium, Zinc, and Rubidium (Figure 6). Most of the levels were 
below the EPA Critical Continuous Concentration and Critical Maximum Concentration levels 
suggesting that the elemental concentrations in Otter Creek are safe for aquatic life.  
 

XRF samples were taken at 10 locations between the two sample expeditions. These samples 

were clumped together for the analysis in this paper. Concentrations were relatively higher for 

iron, zircon, manganese, strontium, zinc, and rubidium (Figure 8). None of the individual sample 

sites stood out from the others as being consistently higher than the others and concentrations did 

not seem to increase as we moved downstream.  

 



 

Figure 8: Elemental concentrations in the sediment along Otter Creek collected at rode crossings 
of the different branches of the creek. Sites are organized from west (downstream – top) to east 
(upstream – bottom). Samples were collected in April 2015 and December. A shows the main 
suite of elements and the other charts B (Mn and Zn) and C (Fe) were drawn with a different 
vertical axis because of the values for each element.  
 



Discussion  

As already noted, certain strains of E. coli can pose a significant threat to human health. Further 

tests would be required to deduce the amount of E. coli contamination and the strains involved in 

the contamination of Otter Creek. We also suggest that quantitative analysis of E. coli is likely to 

better locate the sources of the contaminant expecting that values would rise near the sources of 

pollution.  

 

The higher levels of iron, zircon, manganese, strontium, zinc, and rubidium were found at all 

sites but most of these were below the EPA published values for Critical Continuous 

Concentration levels and are not a major concern for the watershed,  Although, any continuous 

consumption of heavy metals by humans can be a concern and should be monitored through 

child blood tests since children are most susceptible to the dangers of heavy metal poisoning. 

The signs and symptoms of lead poisoning in children may include developmental delay, 

learning difficulties, weight loss, abdominal pain, vomiting, constipation, and hearing loss. 

Although children are primarily at risk, lead poisoning is also dangerous for adults. Signs and 

symptoms in adults may include abdominal pain, constipation, declines in mental functioning, 

ain, numbness or tingling of the extremities, memory loss, reduced sperm count, and miscarriage 

or premature birth in pregnant women (Coles, et al., 2014). Eating or drinking too much zinc in a 

short period of time can lead to adverse health effects, such as stomach cramps, nausea and 

vomiting. Eating large amounts of zinc for longer periods may cause anemia, nervous system 

disorders, damage to the pancreas and lowered levels of “good” cholesterol. There is no evidence 

that zinc causes cancer in humans (Zhan, et al., 2014). Complications that can arise from 



ingesting too much iron include chronic fatigue, joint pain, liver disease, irregular heart rhythm, 

heart attack or heart failure, hair loss, or infertility (Jeż-Walkowiak, et al., 2015).  

 

Conclusions 

From our study, we concluded that Otter Creek is indeed contaminated with E. coli, but further 

tests would be required to determine the amount, source, and strain type of the contamination. 

These further tests should include analysis of the strain of E. coli and quantitative analysis of E. 

coli at each sampling site that was collected by IDEM so that we can pinpoint higher 

concentrations of this bacteria to help direct us to the source of contamination.  We should also 

realize that the source is true not a point source and simply an accumulation of due to small loads 

of manure from livestock throughout the watershed. The XRF tests revealed that all of the sites 

within our study area are not contaminated by heavy metals.  We observed many potential 

partners in the watershed including the Vigo County Conservation Club, Otter Creek Middle 

School, Terre Haute North Vigo High School, the local fire departments in each town, and the 

town mayors in Terre Haute, Brazil, Staunton, Seelyville, and Carbon. The condition of the 

watershed looks quite good, but raising awareness of Otter Creek for recreation and wildlife 

habitat should increase its value to the local residents who would then hopefully be willing to 

work to reduce the E. coli in the creek to improve its condition and increase quality of life in the 

area.   
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Appendix	A:	Satelite	images	of	the	Otter	Creek	Watershed	from	Google	Maps.	
	
	

 
 
 
 

 
 



 
 
 

  



Appendix B: Graphics and tables from the IDEM 2014 report.  
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