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ABSTRACT 

Waterborne outbreaks of disease are on the rise in the nited States. Recreational waters 

are excellent sources of bacterial contamination and ma be re pon ible for the increase. Thi 
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Introduction 

Escherichia ~ is the predominant am n a ive facultative anaero bacterium 

of the human intestinaJ tract 
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In addition to l;. coli , man pathogenic bacteria are also in the feces of humans 

and other wann-blooded animal s, ma.ki n detection of ~ I contaminated ater 

extremely important ( 16). YiMQ ~~W ~~la d ~ filQfil.LIJ are ju t a few 

of the pathogenic bacteria that ma , pr nt 
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Enterotoxigenic I; . .QQli (ETEC) are toxi n elaborating strains responsible for a 

cholera-like illness. The most common symptoms are wate diarrhea, vomiting, cramps 

and a low-grade fever . The bacteria contain I Q. O me adaJton 1Da pla mid that 

encode fimbriaJ colonization factors The f; or 

sma.11 intestine . The e factor ar s 1e 

di sea e in hu man ( 
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LT-I (13) . The most severe fonn of disease is seen with f . coli strains containing 

plasmids that encode both ST and L T-1 (27) . The disea.se can be fatal in infants and oung 

children as the result of rapid deh drat ion ETE illness i ·nown b · u h common names 

as Traveller's diarrhea and ontezuma' Re ·en ea it i h re ide i in 1 ·ice and 

Brazil (5 , 13 ,28) . 
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initially watery with blood. mucu her 

ymptom include ~ ·er, 

membrane r tn C 

t x1n 1 n t n h \Cr 

I ( I 
, .-
ntcr ) a c re , C 

. e,·ere i mi 

n fr ·er The . . 111 

C 

. J. c·c . .C$ t 
the e ithd1 I ell the II I C I C 

tru tur f the h tm 

intt tin I e itheli 

n 

r C 0 tu e 
di e e will ur in it 



effacing lesions (13,28) . The exact mechanism by h.ich EPEC causes diarrhea is 

unknown, but the attaching and effacing lesions appear to be the crucial component ( 11 ). 

Enterohemorrhagic E ~ (EHE ) is a rec.en I , well documen ed catego of 

diarrheagenic E. ~ that i more pr alen in de- ·elo ed coun ri 

States. The increa e in infection and d h ra due to 
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Epidemiologists passed a resolution recommending that EHEC outbreaks be reported by 

all states and territories (23 ). The EPA bel ie es that the case numbers for all waterborne 

outbreaks of E coli are low. Most outbrea · of diarrhea eru £21.i are not reported 

because symptoms are usual) mi ld and hon -Ii 

causing bacteria cannot be ea ii , iden ified . 
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radioactively (32P) or non-radioactively (biotin) and used to detect complementary 

sequences in a sample (2 1 ). If a sequence that is complementary to that of the probe is 

present in the sample, the probe will h bridiz.e or ·bind· tha equen Thi h bridization 

event is then detected by autorad io raph , for radioac i ,e la I or ddi ion of a 

indi th 
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mechanism of plasmid acquisition in I;. coli is usu all conjugation, or D A transfer as a 

result of contact between two bacteria (9) A bacterium containing an antibiotic resistance 

plasmid (R plasmid) wi ll attempt conjuga ion v..i h an · bacteria it conta s re ultin in 

widespread antibiotic resistance in the immedia e en ironm n Pia mid tr 
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determine antibiotic susceptibility of the isolates. The results are discus ed as risk 

assessment data for recreational water users. 



MATERIALS A TD IETHOD 

I. Water collections 

Six sites were chosen for ater coll 
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II. Filtration, enumeration and identificat ion 

The water was filtered using a sterile acuum apparatus onto mm Metricel 

Membrane filters with a 0.45 µ m pore siz.e The water was filtered in O 1, 1 and 10 ml 

al iquots . The 0.1 ml and l mJ samples ere adju 

All aliquots were filt ered in triplicate Th filt 

to l O ml v.i th rile ton v. ter. 
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sequences unique to pathogenic biotypes. One of the replicate plates was o erla ed with a 

nitrocellulose filter and incubated 30 minutes at 37 °C. The filters ere careful! remo ed 

and the colonies lysed by an alkaline h drol sis procedure Th filter pa er, colon -side 

up , was placed sequential I onto a serie of four pad tu rat 

Tris-HCI (pH 7.5), 2X S C and 70% thanol, r 

known to harbor the corr t 

were included on each filt r h fi lt r " e:r lo 

experiment 
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and 0.1 % SDS. The biotinylated probe was detected with a strepavidin-alkaline 

phosphatase conjugate. Positive hybridization as visualized b detection of the alkaline 

phosphatase with the chromogenic substrate nitroblue te rarolium and -brom -chloro-

3-indolylphosphate. AJI colonies showin color d ·elo men w re r 

reactivity. 

B). Medium scale prepar tion or pl mid D. · 
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to a new tube. Plasmid DNA was precipitated b addition of 0.9 ml of isopropanol and 

incubation on ice for 20 minutes. The D A as collected b centrifu ation for 1 

minutes in the eppendorf centrifuge. After drajnin the ma an from the !let. th 

pellet was rinsed with cold 95¾ ethanol and ai r dri Th dried I ·d D · v. 

resuspended in 0.05 ml TE buffer and or 
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E). Southern analysis of DNA fragme t 
n s separated on agarose gels. 

DNA samples to be analyzed b s h . Y out em analysis were separated on standard 

0.7% agarose gels and then transferred to nitrocellulose membranes by standard methods 

(29). After electrophoresis, the DNA in the gel was partially depurinated by soaking the 

gel in two gel volumes of0.35 M HCI for 15 minutes. The depurination was repeated and 

the gel rinsed twice in distilled water. The DNA was then denatured by incubating the gel 

twice in two volumes of 0.5 M NaOH and 1.5 M NaCl for 15 minutes. The D A was 

then neutralized by soaking the gel 60 minutes in two changes of two gel volumes of 1 M 

Tris-HCI and 1. 5 M NaCl. A nitrocellulose filte r was cut to the size of the gel, wetted 

with water and soaked in a solution of 2X SSC along wi th 3 sheets of What man 3mm 

paper cut to the same dimensions. The gel was inverted and placed on a wick on a solid 

support in a dish of 2X SSC. The nitrocellulose was placed onto the gel followed by the 3 

sheets of Whatman filter paper. An 8cm high stack of paper toweling was added and 

transfer allowed to proceed for 12 hours at room temperature. Care was taken at each 

step to insure that no air bubbles were trapped next to the gel. After the transfer was 

complete, the sandwich was disassembled and the nitrocellulose filters dipped in 2X SSC 

and allowed to air dry. The dried nitrocellulose was preh bridized and hybridized as 

detailed above for genetic probing of the colony lifts (section I .A) . 

F). Antibiotic susceptibility testing 

· 1 · d D A that confers resistance to 
The diarrheagenic ~ - coli may contain p asnu 

. d b' I . tests were performed to determine if any strains 
antibiotics. Genetic an 10 ogic 
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identified in this study possessed antibiotic resistance markers. A plasmid probe 

containing Ampicillin (AMP), Tetracycline (TET) and Kanamycin (KAN) resistance genes 

was use for hybridization studies as detailed in part IV.A. In addition, a standard broth 

dilution assay was used to determine the minimum inhibitory concentration (MIC) of these 

antibiotics for all isolates. 

The E.. coli isolates were cultured overnight in Mueller-Hinton (MH) broth (Difeo 

Laboratories). The culture was adjusted to a standard optical density and used as the 

inoculum. Stock solutions of the antibiotics were prepared in water and serial two-fold 

dilutions were performed in MH broth. A stand_ardized inoculum of 0.1 m1 was added to 

each antibiotic dilution. Following overnight incubation at 37°C, the cultures were 

visually examined for turbidity. The MIC was recorded as the lowest concentration of 

antibiotic that prevented growth as determined by the absence of turbidity. 
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Results 

A total of eleven collections wer t k . c . . . 
e a en. 1our m the Winter, four m the spring and 

three in the summer. The collections were ..t': d . . peuorme ma vanety of weather conditions 

(eg. rain, snow, sun) to monitor the ffi t f e ec s o weather on prevalence and distribution of 

path0genic biotypes ofE. coli. The data were organized to assess seasonal distribution. 

Table 1 provides weather condition information and numbers off. coli per 100 ml for 

each collection at each site. 

The EPA guidelines for fecal coliforms in recreational waters are: 1) five samples 

over a thirty day period are not to exceed 200 bacteria per 100 ml and 2) no more than ten 

percent of the total samples over a thirty day period should exceed 400 bacteria per 100 

ml (25). As can be seen in Table 1, the water in the chosen sites does not meet these 

guidelines. Over the six month collection period, each site conformed to the standards 

differently. The worst site was the Red River, at the location of sewage discharge. This 

area complied with guidelines only once in the eleven collections. Three sites (Trice's 

Landing, McGregor Park and the Cumberland River) met the standards three times out of 

eleven. The Fairgrounds conformed four times out of ten and the Interstate site twice out 

of seven collections. The highest numbers of bacteria were first observed on 3-8-95 

during a long period of rain, 4-10-95 during a sewage line break in the Red River and 5-

16-95 throughout an extended period of heavy rain. These results indicate that sewage 

d
. h d off have a profound effect on bacterial densities. 1sc arge an storm run-

!. l ·es were obtained during the eleven collections. The 
A total of2325 E. co I co oru 

· d b. chemical tests to determine if any of the isolates 
isolates were submitted to genetic an 10 
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could be categorized as one of the diarrh . . 
eagemc b1otypes. 

All isolates were screened for h b .d. . 
Y n 1zation to three genetic probes: pCVD4 I 9, 

pEWD299 and the probe containing the ant'b• . 1 iotic genes. No hybridization was observed 

with pCVD4 I 9. The reliability of these d t . . . . . 
a a are supported by the pos1t1ve hybnd1zat1on of 

the pCVD4 l 9 probe to the positive control. In addition, no EHEC bacteria were 

identified by the biochemical analyses. All isolates exhibited Beta-glucuronidase (GUR) 

activity and fermented sorbitol within a twenty-four hour period; both properties are 

negative in EHEC bacteria. 

A total of 47 colonies or 2% of the entire sample off. coli isolates were positive 

for hybridization to pEWD299 (ETEC gene probe). Figures 2-4 depict the percentages of 

positive colonies tested per site per collection. Trice's Landing was the highest with 26 

positive colonies out of 428 tested. The data for the other sites were as follows : 

McGregor Park 10 positive out of 417, the Cumberland River 9 positive isolates out of 

438, the Red River 2 positive isolates out of 402 and the Fairgrounds 1 positive isolate out 

of 3 31 . The Interstate site had no positive isolates in the 300 colonies tested. Seasonal 

distributions showed 5 out of 6 sites tested positive for 17 ETEC during the winter 

collection 2 out of 6 sites tested positive for 12 ETEC during the spring collection and 
' 

4 f 6 · t d ·t· e r:0 r 19 ETEC during the summer collection. More than half out o sites tes e pos1 1v 11 

of the ETEC found in the spring and summer collections were isolated from the Trice's 

Landing site. 

The ETEC results were supported by the following data. First, specific 

. . . b t control E. coli containing the LT-gene sequence. 
hybnd1zat1on of the pEWD299 pro e O -
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Second, biochemical analysis demonstrated the 1·solat s GUR · · d b. 1 e were positive an sor 1to 

positive. All of these results are consistent with ETEC bacteria. Finally, Southern Blot 

analysis was performed on the plasmid DNA's purified from the hybridization positive 

isolates. DNA purified from the positive colonies exhibited hybridization to pEWD299, 

indicating that the first set of hybridizations were accurate. These three confonnational 

steps prove that ETEC bacteria were present within the samples. 

All isolates were screened for hybridization with a probe containing genes for 

Amp, Kan and Tet resistance. None of the isolates were positive for hybridization to this 

probe. To confirm this data, MlC's were obtained for the isolates using these antibiotics. 

Reference strain E. coli ATCC 25922 was used to standardize the MIC data. The 

reference strain has a MJC for Amp of 8ug/ml and 4ug/ml for Kan and Tet. The ranges of 

MIC's obtained for the isolates obtained from this study were : Amp= 4-8ug/ml, Kan= 1-

2 ug/ml, and Tet = 1-2 ug/ml . Since all of these MIC ranges are equal to or below the 

MlC for the reference strain, all isolates were classified as antibiotic susceptible. 

19 



Discussion 

The increase in outbreaks of w t b d. a er ome 1sease demonstrate the need for rapid 

monitoring of water contamination and improved w t a1· I · a er qu 1ty regu ations. Previous 

studies on Tennessee recreational waters show that some of the more important water 

systems do not confonn to the EPA guidelines (3,24). The Cumberland River was found 

to be one of the most polluted systems. This water system is heavily impacted by 

commercial, industrial, fann and residential pollution. As society grows the risk of 

disease associated with this contamination increases. . The sewage eflluent at the junction 

of the Cumberland and Red Rivers in Clarksville is an example of such a health risk . This 

effluent releases water that can be contaminated with f ecaJ bacteria including I; . ~ - Thi 

study was done to detennine the risk of infection b pathogeni Ii to r reationaJ 

water users. 

an exist1n The large numbers of I; . coli found in the water sample d mon trat 

contamination problem. The concentration of fecal coliform in an individual sample 

shall not exceed 1000 colony forming unit I 00ml a ordin to the PA tandafd for 

d. hi dard i considered to be polluted 
recreational water (24) . Any count e cee 1n t Slan 

and is not suitable for recreational sv.imrning or other bod il ' nta t 4 
1 Gregor 

h. ·d r fi e times, Trice's Landing 
Park and the Cumberland River sites e ceeded t is gu1 e me 

. . terstate 24 tv. . e and the Fairgrounds once (Table 
four times the Red River three times, In 

' 
b . and skiing site v. hich lies downs ream from an 

1 ). McGregor Park is a popular oaung 

d sev. age effluent. unmarked and supposedly unuse 
The Cumberland Ri er and Trice's 

Trice's Landing lies dovmstream from a 
Landing are also popular recreational sites. 

20 



marked sewage effluent discharge · t Th 1 . 
SI e. e ower fecal coliform counts for the Red River 

site are probably the result of increased wat fl . hi 
er ow m t s area. The strong current 

would wash the sewage effluent downstream towards Trice's Landing. 

The numbers of£. coli obtained varied by as much as 6000 bacteria between 

collections. The study performed by Davis et al ( 1968) I c: d J · · · , a so 1oun arge vanat1ons m 

numbers between collections. These fluctuations in bacterial densities may be explained 

by the observations that bacterial populations along river banks respond to increased 

nutrients from land run-off, sewage, industrial discharge and venicaJ mixing (22). Each of 

the highest densities of E. coli were observed during or immediate! after long periods of 

rain (Table I). Rain would cause tremendous amounts of land run-off. The e effects can 

best be seen at locations such as the site at the Fair round and at Inter tate 24 hich are 

more impacted by farmland . In addition man common oil bacteria su h as Klebsiella 

Pseudomonas, and Proteus, were ob erved at the e locations, funher implicating the 

effects of land run-off in the data fluctuations Durin the e Ion periods of rain, the 

sewage eflluent at the confluence of the umberland and Red pjver , will di charge. 

Sewage discharge would definite! lead to an in rea e in ba teria number , esp iall fe al 

bacteria. Some of the more ex1reme number of fecal ba teria ere detected during the 

. k (T bl 1 4 10 95) The tar e numbers of ba teria i elated in this stud sewage lme brea a e , - - · 

. ed dards and their enforcement. The potential for 
indicate the need for 1mprov water stan 

. . hi h a1 g both the Cumberland and Red pj ers especially at 
the spread of disease 1s g on 

Regular water testing is en ouraged to control for 
points inside Clarksville, TN. 

variations that occur between collections. 
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Variation in E. coli numbers - - was not cl I 1 . ose Y corre ated to d1ff erences in 

temperature. Air temperatures ranged from _ 1 0 C O • 

to 24 C while water temperatures 

ranged from 4°C to 15 °c. C · 
onsecutive collections with temperatures differing by only 

five degrees showed extreme variation i b . n actena numbers (Table 1). Seasonal difference 

in numbers are not easily detected either Th . d . · e spnng an summer collect1ons had larger 

numbers of bacteria which can be primarily attributed to larger amounts of rainfall. A 

larger sample size is needed to complete an evaluation of variation in numbers of fecal 

coliforms as a result of climatic changes. 

The only diarrheagenic biotype found w~s ETEC bacteria The incidence ofETEC 

bacteria was low, comprising only 2% of the total sample (47 out of2325 isolates). Other 

studies using DNA probes to detect diarrheagenic l;, coli in water samples have found 

substantially different numbers. Martins, et.al. (1992) detected I ETEC in 237 l;,. coli 

isolates (0.4%) and Echevenia (I 982) detected 31 in 350 isolates (9%). Two plausible 

explanations exist for the variation in data. First, the low numbers seen in this project and 

Martins could be attributed to the incubation of the bacteria at 44 . 5 ° C. The LT toxin is 

inactivated at this temperature and it is possible that the rugh temperature can cause 

instability of the plasmid ( 15). Echevenia's tests were done on bacteria incubated at 

37°e, No comparison between the two incubation temperatures has been performed to 

hi h th 
· Therefore incubations at 44 5 ° C selectively enriches for fecal assess t s ypo es1s. , · 

1
. c-: • b t may hamper detection of enterotoxigenic strains. The second 

co 11orm enumeration u 

. hni' Many advances in recombinant DNA 
possibility for the differences 1s tee que. 

. E h nia's study It is possible that conditions being 
technology have been made smce c eve · 
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used in that study were not stringent h 
enoug or the probes were not completely specific 

for the LT toxin. The low numbers ofETEC · hi · · 
seen m t s proJect and Martins may truly be 

indicative of the proportion of natural ETEC 1·n water t f h u · d s sys ems o t e rute tates. 

The distribution of diarrheagenic biotypes indicated that Trice's Landing had the 

highest count of 26 ETEC, McGregor Park had 10 ETEC, Cumberland River had 9 

ETEC, Red River had 2 ETEC, the Fairgrounds 1 ETEC and the Interstate no ETEC. 

Trice's Landing, as stated previously, lies directly downstream of the sewage effluent at 

the junction of the Red and Cumberland Rivers. Martins( 1992) and Shakoori ( 1993) 

found ETEC only in sewage discharges supporting the idea that sewage discharge is a 

prime source of fecal coliforrns and water contamination. Interestingly, the Red River 

area had lower numbers than expected. The increased flow of water observed at this site 

may again explain the data. The data indicate that the primary contaminant of the rivers, 

within Clarksville, TN, is the marked sewage effluent. Collections need to be taken in the 

water immediately downstream from the discharge to detennine the bacterial content and 

densities within the sewage discharge. 

Seasonal distributions of ETEC are, once again, less apparent. Each season 

fETEC The variation in number of contained samples testing positive for the presence O · 

. h . not substantially different. A larger sample size would ETEC detected m eac season 1s · 

need to be taken to accurately assess any seasonal distributions. 

E h h oic b·1otypes were not detected using either D A probes or 
ntero emorr ao· 

. fi nd zero in 23 7 isolates and one in 3 50 
biochemical tests. Martins and Echevema ou 

h EHEC illness is on the rise in the United States, the 
isolates, respectively ( 4, 15). Alth0ug 
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majority of the outbreaks are from und 
ercooked food rather than water contamination (9) . 

No antibiotic resistance could be detected •·nth b t . . I d 
e ac ena 1so ate . Ampicillin, 

Tetracycline and Kanamycin were th 'b · · 
e anti 1ot1cs tested as they would be the most likely 

antibiotics used in disease treatment It · 'bl · 
· is poss1 e that resistance to other antibiotics exist. 

The incubation of the bacteria at 44. 5 ° C could have again altered the data due to 

decreased stability of plasmid DNA at this temperature. If the plasmid encoding the 

resistance is undergoing denaturation or is being released from the cell, antibiotic 

resistance would be compromised. Studies on plasmid stability at 44 . 5 ° C need to be 

completed to determine if loss of antibiotic resistance could occur at these temperatures. 

A couple of problems with this experiment need to be addressed. First, the only 

diarrheagenic biotypes examined were ETEC and EHEC. The lack of probes to EIEC and 

EPEC prevented their detection. Biochemical testing would not specifically identify either 

of these bioytpes. Although these two biotypes are much less common in the United 

States, they still exist and could be located within the study sites. The project seems 

incomplete without EIEC or EPEC data. Second, G testing is controversial. Martins 

claims that Methylumbelliferyl (MUG) media is only 50% accurate in detecting 

diarrheagenic E. coli while Frampton states that it is 97% accurate ( 6, 15). All MUG 

· · d c this pro,iect were followed by random biochemical testing of both exammations one 1or J 

. . . t . All MUG positive colonies were biochemically 
MUG negative and pos1t1ve s rams. 

. . 1· hil II MUG negative colonies belonged to other genera. The data 
identified as E. co I w e a 

from the MUG testing support that of Frampton (6). 

. . . . k assessment to recreational water users. The 
The final aspect of this proJect is ns 
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EPA states that 15-90mi of water is • 
mgeSted by the typical water user each outing (25). 

Based on the lowest and highest numbers ofb . . . 
actena collected m this project, an average 

swimmer would ingest a minimum of 90 b t . · 
ac ena per 90ml and up to 5490 bacteria per 

90ml when swimming in the Cumberland Riv An 'nfi . 
er. 1 ectious dose of ETEC bacteria is 

100,000,000 while the infectious dose for EHEC • 10 200 b . . 
1s - actena (9). The nsk of 

infection by ETEC is minimal . Infection by EHEC is considered minimal since our tests 

were unable to detect this pathogenic biotype. 

The aquatic life must also be considered. Fish have been documented carriers of 

human E_. coli (17). The fish can carry the bacteria for 9-14 days before excreting it into 

the water. Potentially pathogenic biotypes can thus be carried to other areas not being 

tested. Poorly cooked fish containing these bacteria could easily cause infection. It is also 

known that transfer of R plasmids from animal to human strains occurs. This transfer can 

be perfonned either in the water or within the gut of the animal. The animal R plasmids 

confer antibiotic resistance to the human bacteria. This drastically effects the treatment of 

disease, possibly requiring that new antibiotics be developed. Cumberland River 

recreational water users need to be cautious of both the aquatic !if e and the water itself. 

Regular recreational water testing needs to be considered . As can be seen in this 

· · I fr d to day As these levels rise, pathogenic proJect, bactena levels vary great y om ay · 

b. d b ·ct t'fi d as possible risk factors for recreational water users. Further 1otypes nee to e 1 en 1 e . 

k d sewage effluent. The levels of fecal 
testing needs to be completed on the mar e 

ffi 
ds to be determined. Improved regulations may need 

colifonns released by the e uent nee 

f 
c l coliforms being released. Recreational water 

to be considered to lower levels O ieca 
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users need to understand the potential risks they take every time they enter the water. 

Public warnings stating that the river is contaminated could prevent large numbers of 

infections. 

_6 
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Figure 1. Map of si tes chosen for collections along the Cumberland and Red Rivers in 
Montgomery Co. Tennessee. 1 = Fairgrounds, 2= McGregor Park, 3= Red River, 4 = 
Cumberland Ri ver, 5 = Trice's Landing and 6 = Interstate 24. 
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Table: A vera.ge number of colonies per l 00 ml of water collected from the 
Cumberland :ind Red River in Montgomery County, Tennessee. The 
astensk indiCJtes water collected during a sewage line break within the 
Red River. Abbreviations: (T) = Trice's·LJ.nding, (F) = Fo..irgrounds 

) = McGregor Park.. (C) = Cumberland, (R) = Red, (I)= Intersute 
24. 'D ) = not done due to physic:tl barriers preventing water collection. 



,.. 

lA) 
(Jl 

Number of Bacteria per 100 ml per site 

Date and Weather Trice F alrgrounds McGregor Cumberland Red 

1-23-95;Cold 100 300 300 300 300 

2-16-95 ;Raln 900 100 1400 1000 900 

3-1-95 ;Cold 300 100 100 200 300 

3-8-95; Rain 2700 1300 1400 1200 3100 

4 -4-95 ;Sun 100 100 100 600 400 

4 -10-95 ;Sun 1800 100 2800 6100 3100 

4-26-95 ;Sun 600 NIA 600 600 400 

5-16-9 5 ;Raln 2000 1700 4900 4400 3600 

5-30-95 ;Raln 1400 800 2800 1100 700 

6 -12-95;Sun 200 400 300 100 100 

6-28-95;Sun 600 300 200 200 400 

Interstate 

200 

300 

100 

1600 X 

co 

100 

NIA 

NIA 

NIA 

1000 

NIA 

400 



Lv 
0-, 

Percent ETEC Bacteria per site for Set I 

Negative -"'-=--=----
97% 

Positive 
4% 

Trice's Landing(169) 

Negative 
99% 

Positive 
1% 

Red(177) 

Negative 
97% 

Positive 
3% 

McGregor(150) 

Positive 
1% 

Positive 
2% 

N egative~JJJJors~ 
98% 

Cumberland(175) 

Negative Negative 
99% 100% 

Fairgrounds(107) lnterstate(138) 

::i:,, 
-0 
-0 
ro 
;::) 

0.. 
-' · 

>< 
n 



Negative 
94% 

Percent ~TEC Bacteria per site for Set II 

Positive 
6% 

Negative 
100% 

Negative 
99% 

Positive 
1% 

Trice's Landing(165) McGregor(151) Cumberland(166) 

Negative Negative Negative 
100% 1 00% 1 00% 

Red(170) Fairgrounds(124) lnterstate(100) 

)::> 
-0 
·o 
rD 
::, 
0. -· X 

CJ 



Percent ETEC bacteria per site for Set Ill 

Positive 

✓ j 11% 

~~~~§ 

Positive 

E~~jjj7' 4% 
~ 

~-~-~-w Negative '-"-==,....,. 

Trice's Landing(100) 

Negative 
98% 

Red(99) 

Positive 
2% 

96% 

McGregor(116) 

Negative 
100% 

Fairgrounds(100) 

Positive 
---- 3% 

~ 
// 

Negative ,.....,...-~=-=-=-,.,.-...,,, 
97% 

Cumberland(100) 

Negative 
100% 

lnterstate(129) 

::x:, 
·o 
-0 
(D 
::, 
Cl. 
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