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ABSTRACT

A water quality study was conducted on Lost River near Bowling Green,
Kentucky. The emphasis of the study was to assess the influence of storm events on water
quality and E. coli (cfu/100ml) levels. Lost River is a karst stream and flows
underground for much of its course through Warren County and Bowling Green,
Kentucky. The Lost River watershed is approximately 55 square miles and receives
surface runoff from rural and urban land uses. Within the watershed exists the Lost River
Cave and Valley, which receives secondary contact use throughout the year. A water
quality assessment of multiple parameters was conducted to determine the impact of
storm events for public health protection. Statistical methods were utilized to evaluate
correlations between water quality parameters and differences in E. coli (cfu/100ml)
levels with storm events. Results indicated that elevated fecal coliform levels
corresponded to increased stage (ft). During the study period, 82.6% of geometric mean
E. coli (cfu/100ml) values were found to be in non-compliance of the 1,000 cfu/100 ml
geometric mean Kentucky Division of Water surface water regulation.

Keywords: Water Quality, Public Health, E. coli, Storm Water, Karst, Groundwater,
Water Policy
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CHAPTER 1

INTRODUCTION

The emphasis of this study was to assess the influence of storm events on water
quality and Escherichia coli (E. coli) levels of Lost River for the protection of public
health. Lost River is a historic landmark that receives visitors from around the world and
may represent a public health risk when the stream is under influence of storm events.
Previous studies have shown that the impacts of storm events on water quality can be
observed for a period of days after the initial event, even when stage and visual cues
indicate otherwise (Taylor, 2000). This demonstrates that a storm event can have
significant impacts on water quality which can last long after the event is over. In the
case of Lost River, if storm events affect water quality long after the event is over, health
risks associated with those events could be prolonged.
A study of a karst spring in Kentucky found that average turbidity and E. coli
peaked between 12 and 30 hours after a hydrograph peak from a storm event (Ryan et al.,
1996). Bacterial indicators have been found to greatly exceed base flow levels following
rain events (Ryan et al., 1996; Salmore et al, 2006). E. coli levels have been found to be
significantly higher during rain events, and total rainfall preceding sampling was
positively correlated with average turbidity and total coliform bacteria concentrations
(Mallin et al., 2008). An analysis of rural, urban, and suburban watersheds indicated that
urban catchments most frequently contributed to excessive total coliform concentrations
1

(Mallin et al., 2008). Urban land use has been shown to contribute to greater runoff,
which in turn may result in greater bacterial pollutant loads (Gaffield et al., 2003).
Stormwater runoff has been found to be a major contributor to indicator bacteria levels in
streams (Hathaway et al., 2010). It has been shown that higher urban land cover, as a
predictor of higher levels of runoff, corresponded to higher E. coli levels (Gaffield et al.,
2003). The increase in E. coli levels in urban land use areas, when compared to more
remote areas, was also shown in a study in the Pearl River Delta region of China (Hong et
al., 2009).
Land use of a watershed has been found to cause delays in pollutant loadings.
Assessment of a karst spring in a forested watershed determined that the land use
accounted for the 12-hour lag between the arrival of stormwater recharge and the arrival
of pollutant-bearing water (Ryan et al., 1996). This suggests that storm event pulses can
have effects on water quality even after peak flow is reached.
An increase in average turbidity is often associated with an increase in fecal
coliform levels during storm events (Gaffield et al., 2003; Heinz et al., 2008). Due to this
association, average turbidity has the potential to be an indicator of microbial
contamination (Heinz et al., 2008). However, this association has not yet been proven to
be reliable (Heinz et al., 2008).
A study of biological contaminants, including E. coli, Giardia, and
Cryptosporidium showed a considerable increase during storm events (Kistemann et al.,
2001). The amount of rainfall prior to sampling has been shown to have some influence
on indicator bacteria levels (Sidhu et al., 2012). Salmore (2006) showed that levels of
fecal coliform and fecal streptococci observed during storm events reached orders of
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magnitude above acceptable bacterial indicator levels for recreational waters, indicating a
potential human health risk from storm events. Kistemann (2001) also found that
chemical parameters showed less of an increase during these storm events. This eventbased study showed that the greatest loading of microbial contaminants resulted from
extreme runoff events (Kistemann et al., 2001). These results suggest that convenience
sampling, sampling on a schedule which is convenient for the scientist, would be
inadequate to accurately detect storm related water quality perturbations. In this same
study, it was suggested that frequent discrete sampling is required to accurately
characterize water quality responses due to the speed at which the pollutant peaks arrive.
Ryan (1996) found that simply sampling at peak stage or at a set time after peak
discharge is a method which does not accurately characterize water quality relationships.
Lost River, near Bowling Green, Kentucky, is a karst stream influenced by
stormwater and receives runoff from multiple paths, both overland flow routes and
underground conduits. Lost River is designated as groundwater by the Kentucky Division
of Water (KDOW). Elevated levels of E. coli in Lost River are a concern because E. coli
and fecal coliform indicate that bacteria harmful to human health could be present in the
water (EPA, 2009). When harmful bacteria are present, exposure of humans to
contaminated water can have health effects such as diarrhea, nausea, cramps, headaches,
or other symptoms (EPA, 2009).
The primary concern for Lost River occurs at Lost River Cave and Valley, a
historic landmark. Thousands of visitors tour this landmark annually and may be
subjected to secondary contact with contaminated water, and if E. coli levels are elevated,
employees and customers could be exposed to harmful bacteria. According to Kentucky
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Division of Water (KDOW) regulations, E. coli levels over 1000 colony forming units
per 100 milliliter (cfu/mL), as a geometric mean of 5 samples over a 30-day period
violate the secondary contact standard (KDOW, 2012).
The intent of this research was to assess the use of water quality as an indicator of
stormwater and E. coli levels in Lost River, evaluate the duration of water quality
changes following storm events, and determine if E. coli levels represent a significant
public health risk before, during, and after storm events. Therefore, the research questions
for this study are the following:


Can measurements of water quality and quantity, such as dissolved
oxygen (mg/L), pH (s.u.), temperature (°C), specific conductance
(µmhos/cm), turbidity, oxidation-reduction potential, and stage (ft), be
used to indicate the presence of stormwater and E. coli (cfu/100ml) in Lost
River?



How long is Lost River under the influence of storm events, as indicated
by changes in water quality and quantity?



Does a significant public health risk exist in Lost River after the
occurrence of storm events?

4

CHAPTER 2

METHODOLOGY

Site Description
To begin the study regime, a sampling site was first chosen and characterized.
The sampling site chosen was the Lost River Blue Hole, where the river comes to the
surface and then flows into Lost River Cave. In Figure 2.1, the Lost River Blue Hole is
shown at a moderate stage of 5.4 feet.

Figure 2.1 Lost River Cave Blue Hole, March 2012 (Photo by Ellen Barringer)

Lost River is a karst stream, which has a number of implications for the study.
Karst is a landscape characterized by sinkholes, caves, springs, and underground streams
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(Kacaroglu, 1998). Karst landscapes offer little filtration to rainwater, surface runoff, and
snowmelt, allowing water to enter the hydrologic system directly, through sinkholes or
swallow holes (Kacaroglu, 1998). In this manner, surface runoff may quickly become
water flowing in an underground conduit or stream, and then resurface from a spring to
flow as a surface stream. In the case of urban and rural land uses in karst terrain,
contaminants on the surface may transport rapidly to the karst aquifer during storm
events. This often means that water quality is compromised in these areas, and creates
difficulty in tracking this water and remediating pollution.
Because Lost River flows underground for most of its path and Lost River Cave is
not the final surfacing point of the river, this part of the water body is considered
groundwater and is not subject to surface water standards in Kentucky. The Lost River
watershed (seen in Figure 2.2) covers a large area of the city of Bowling Green,
Kentucky, and Warren County. Therefore it is subject to pollutants from mostly urban
sources and some rural sources of pollution. Residential land uses are prevalent in the
watershed and may contribute to E. coli and water quality contamination.
Lost River is used for secondary contact purposes almost daily, with primary
contact occurring occasionally. Lost River Cave and Valley is a historic landmark which
caters to visitors by providing greenways, walking trails, boat tours, educational facilities,
and various seasonal activities. Secondary contact is considered to be actions such as
boating or fishing, which does not involve direct water contact. In the case of Lost River,
the daily boat tours of Lost River Cave and Valley provide the most common form of
secondary contact. It is of note that patrons can easily come into contact with the water
and may not be aware of the human health risk. Occasionally, some employees are

6

exposed to primary contact through wading. Boat malfunctions do occur, and the typical
response is for an employee to enter Lost River and tow the boat by hand to the docking
area.

7

Figure 2.2 Lost River Watershed
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According to the Kentucky Division of Water, surface water fecal coliform and E.
coli standards are as follows:

“401 KAR 10:031. Surface water standards. Section 7. Recreational
Waters.
(1) Primary contact recreation water. The following criteria shall apply to
waters designated as primary contact recreation use during the primary contact
recreation season of May 1 through October 31: (a) Fecal coliform content or
Escherichia coli content shall not exceed 200 colonies per 100 ml or 130 colonies
per 100 ml respectively as a geometric mean based on not less than five (5)
samples taken during a thirty (30) day period. Content also shall not exceed 400
colonies per 100 ml in twenty (20) percent or more of all samples taken during a
thirty (30) day period for fecal coliform or 240 colonies per 100 ml for
Escherichia coli. Fecal coliform criteria listed in subsection (2) (a) of this section
shall apply during the remainder of the year;
(2) Secondary contact recreation water. The following criteria shall
apply to waters designated for secondary contact recreation use during the entire
year: (a) Fecal coliform content shall not exceed 1,000 colonies per 100 ml as a
thirty (30) day geometric mean based on not less than five (5) samples; nor
exceed 2,000 colonies per 100 ml in twenty (20) percent or more of all samples
taken during a thirty (30) day period”

Water Quality Sampling
The water quality sampling regime was developed to assess water quality before
and after storm events in the Spring of 2012. Budgetary limits dictated that only a limited
9

number of samples could be collected. Water quality samples were collected from the
outflow of the last blue hole of Lost River, before the entrance of Lost River Cave.
Sampling was to occur at least weekly when conditions were dry. When a storm event
occurred, sampling was to take place that day, and every other day afterwards for at least
five days. If multiple days of rain occurred, a sample was collected each day of a rain
event if possible, then at least every other day for five days following the last day of rain.
Duplicates and field blanks were required. When possible, data were collected twice daily
on days of storm events in an attempt to get an accurate picture of stormwater impacts.
The water quality sampling regime was followed closely, and only deviated when
conditions did not allow for sampling. These deviations were noted and accounted for in
the statistical data analysis. Each meter used which required calibration was calibrated
the day of the sampling. Samples were taken from February 21, 2012 to April 26, 2012.
A number of methods were employed in the study to collect the various
parameters which were monitored. Stage (ft) was collected by making a tape down
measurement using a tape measure from the same point at the Lost River Blue Hole
platform every sampling day. The same tape measure was used each time, and the same
analyst took stage (ft) to reduce variability. If a variation occurred, it was noted in the
field book and was accounted for when data was input in the statistical software. Because
stage (ft) was taken consistently and reliably, stage (ft) was used as the parameter by
which water level and variations were assessed.
Water quality was taken each sampling day using a Yellow Springs Instruments
(YSI) Multiprobe Water Quality Meter. Water quality parameters sampled with the meter
were calibrated the day of sampling before the sampling occurred, to ensure quality of
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data. Calibrations were conducted according to methods in the YSI instrument manual.
The meter was placed in the water, allowed to equilibrate, and water quality was
recorded. Water quality measurements consisted of temperature (°C), conductivity
(µS/cm), total dissolved solids (TDS), salinity (ppt), dissolved oxygen (DO) (mg/L),
oxidative reduction potential (ORP) (mV), and pH. During each sampling event the YSI
meter was the first piece of equipment to be set up, and the last to be read, in order to
ensure that readings had settled and were accurate. The units of measure for each
parameter were as follows: temperature (°C), conductivity (µS/cm), total dissolved solids
(g/L), salinity (ppt), dissolved oxygen (mg/L), and oxidative reduction potential (mV).
A HACH Turbidimeter was used to measure average turbidity in nephelometric
average turbidity units (NTU). This meter was calibrated every day before sampling in
the field to ensure data quality. At least three average turbidity (NTU) readings were
taken in the field each sampling day. These readings were then averaged.
E. coli samples were taken on each sampling day, and were tested using Coliquant
EZ Kits which utilize coliscan agar, an EPA approved method for surface water. Nitrile
gloves were used when the samples were collected, as well as when they were being
plated, to avoid cross contamination. In most cases, a 1.0 ml sample was used to spike the
coliscan agar. However, after heavy storm events, E. coli colonies could be elevated and
too numerous to count. In these cases, 0.5 ml sample was used, as prescribed by the
Coliscan method. This aided in producing readable results. Each E. coli sample was
counted by more than one analyst to ensure accuracy.
Rainfall data was collected from the Kentucky Mesonet, in Warren County,
Kentucky. This is a system of weather stations in Kentucky that provide information on

11

meteorological phenomenon. Values recorded for each sampling date included “size of
last rain event” and “days since last rain event”.
SPSS, a predictive statistical software package, was used to statistically analyze
data. Data were first subjected to Exploratory Data Analysis (EDA) to evaluate the
distribution of observed measures. A routine in SPSS, EXPLORE, was used for EDA and
produced descriptive statistics, evaluation of each parameter’s distribution, and
associated graphs. Correlation and comparison tests were run using this software.
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CHAPTER 3

RESULTS

Using the statistical software, SPSS, descriptive statistics for various parameters
were determined, including E. coli (cfu/100ml), average turbidity (NTU), pH, dissolved
oxygen (DO) (mg/L), total dissolved solids (TDS) (g/L), temperature (°C), and
conductivity (µS/cm), as shown in Table 3.1.

Descriptive Statistics
N
E. coli (cfu/100ml)

Minimum

Maximum

Mean

Std. Deviation

30

0

4100

1716.67

1195.994

33

3.1800

75.7000

16.309394

21.4528025

pH

33

5.30

8.66

7.4536

.52264

ORP (mV)

32

25.2000

196.5000

86.421875

34.1959886

30

3000

32000

14863.33

10754.678

TDS (g/L)

33

.2040

51.9100

3.387424

12.4271881

Temperature (°C)

32

13.89

14.88

14.6069

.22577

32

313

80000

5370.56

19427.334

DO (mg/L)

33

6.4000

10.7700

8.861515

.8170225

Valid N (listwise)

29

Average Turbidity
(NTU)

Total Coliform
(cfu/100ml)

Conductivity
(µS/cm)

Figure 3.1 Descriptive statistics for water quality measurements of Lost River

13

Descriptive statistics demonstrate that E. coli (cfu/100ml) levels ranged from 0
cfu/100 ml, to 4100 cfu/100 ml with a mean value of 1716.67 cfu/100ml and a standard
deviation of 1195.99 cfu/100ml. Average turbidity (NTU) values were variable, from
3.18 Nephelometric Turbidity Units (NTU) to 75.7 NTU, with a mean value of 16.3 NTU
and standard deviation of 21.45 NTU. Total dissolved solids (g/L) and conductivity
(µS/cm) values also varied greatly. Dissolved oxygen (mg/L), pH, and temperature (°C)
values were far closer and less spread, as the standard deviation shows. E. coli
(cfu/100ml), average turbidity (NTU), total dissolved solids (g/L), and conductivity
(µS/cm) have far higher standard deviations, suggesting that those values are less
concentrated.
SPSS statistical software was used to determine correlations between stage (ft),
dissolved oxygen (DO) (mg/L), average turbidity (NTU), total coliform (cfu/100ml), and
E. coli (cfu/100ml). Significant correlations (α = 0.05) were detected as shown in Table
3.2 using the Pearson Correlation test.
A weak positive correlation (α = 0.033) was detected between E. coli (cfu/100ml)
and average turbidity (NTU). This suggests that, as average turbidity (NTU) levels
increase, E. coli (cfu/100ml) levels will also increase. Stage (ft) was strongly positively
correlated with average turbidity (α = 0.001) and total coliform (α = 0.004). Dissolved
oxygen (mg/L) showed a strong negative correlation (α = 0.000) with turbidity (NTU),
suggesting that as average turbidity (NTU) increased, dissolved oxygen (mg/L)
decreased.

14

Correlations
Stage (ft)

Pearson Correlation
Stage (ft)

1

Pearson Correlation
DO (mg/L)

30
-.370

Sig. (2-tailed)

(cfu/100ml)

.044

.199

.001

.004

30

27

30

28

-.355

**

-.332

.059

.000

.073

29

33

30

1

*

.095

.033

.625
29

33

.577

-.812

.255

-.355

Sig. (2-tailed)

.199

.059

27

29

29

29

**

**

*

1

Pearson Correlation

.577

Sig. (2-tailed)

.397

.526

.543

**

**

.000

.033

30

.002

33

29

33

30

**

1

**

-.332

.095

.004

.073

.625

.002

28

30

29

30

.526

Sig. (2-tailed)

-.812

.397

(cfu/100ml)

.001

N
Pearson Correlation

Total Coliform

.255

**

Pearson Correlation

N
Average Turbidity

Total Coliform

Turbidity (NTU)

1

30

Average

(cfu/100ml)

.044

N

E. coli (cfu/100ml)

*

E. coli

*

-.370

Sig. (2-tailed)
N

(NTU)

DO (mg/L)

N

.543

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

Table 3.2 Pearson correlation test results for water quality parameters

The relationship of water color to different parameters was assessed using SPSS
to determine if water color changes could be used as a potential indicator of E. coli
(cfu/100ml) levels. Figures 3.3 through 3.5 show results.
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30

16

(NTU)

Figure 3.3 Average turbidity (NTU) by
water color

17

(ft)

Figure 3.4 Stage (ft) by water color

18

(cfu/100ml)

Figure 3.5 E. coli (cfu/100ml) by water
color

These figures show that, in regards to average turbidity (NTU), E. coli
(cfu/100ml), and stage (ft), median values were highest when water was brown in color.
Median values for all parameters for the blue and green categories were similar, though
where stage (ft) and average turbidity (NTU) were concerned; median values were
slightly greater when water color was green.

Figure 3.6 E. coli (cfu/100ml) in Lost River, Feb-April, 2012
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Figure 3.6 demonstrates observed levels and those that exceed the standards and
present a public health risk. Two standards are represented on this graph, the 1,000
cfu/100 ml and 2,000 cfu/100 ml. Measured values for observed E. coli (cfu/100ml)
must not exceed 1,000 cfu/100 ml as a geometric mean of 5 samples in a 30 day per
period. To assess acute concentrations, no more than 2,000 cfu/100 ml can be observed
in more than 20% of these samples. Accordingly, 63% of E. coli (cfu/100ml)
measurements from Lost River exceeded 1,000 cfu/100 ml and 33% exceeded 2,000
cfu/100 ml. Over half of the samples exceeded 1,000 cfu/100 ml, and 33% exceeded
2,000 cfu/100ml.
E. coli (cfu/100ml) levels observed in relation to the recorded stage (ft) of Lost
River are shown in Figure 3.7. It is apparent from Figure 3.7 that at elevated stage (ft)
measurements E. coli (cfu/100ml) values were above applicable water quality standards.
Increases in stage (ft) corresponded to rainfall events in the Lost River watershed.
Rainfall of a specific duration and time resulted in stormwater runoff and increased
stream flow of Lost River, as observed by increased stage (ft). Data in Figure 3.7 indicate
that most E. coli (cfu/100ml) levels greater than 2,000 cfu/100ml occurred at or near
peaks in stage (ft). This finding suggests that storm events have an influence on changes
in water quality. The duration of water quality changes was graphically interpolated to
occur for up to five or six days following a significant positive increase in stage (ft).
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Figure 3.7 E. coli (cfu/100ml) and Stage (ft) of Lost River, Feb-April, 2012

Additionally, data were analyzed for compliance with Kentucky’s water quality
standards. According to the Kentucky Division of Water regulations, E. coli (cfu/100ml)
is evaluated as the geometric mean of five samples within a thirty day period for
comparison against the 1,000 cfu/100 ml standard, and no more than 20% of total
samples can be over 2,000 cfu/100ml. For compliance evaluation, sets of five data points
were used to calculate geometric means for various date ranges. The results are shown in
Table 3.8. According to these calculations, 82.6% (19 of 23 sample ranges) of geometric
means were found to be non-compliant, while 17.4% (4 of 23 sample ranges) of
21

geometric means were found to be compliant with the 1,000 cfu/100ml geometric mean
regulation. In addition, 69.5% (16 of 23) of the sample ranges were found to be noncompliant and to have more than 20% of the samples over 2000 cfu/100ml, while 30.4%
(7 of 23) were compliant to this regulation. Further, compliant geometric means were
calculated after the longest dry period recorded in the study period (four days since last
rain) and during a period with small rain events (<0.10 inches).

22

23

Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Table 3.8 Surface Water Regulation Compliance Calculations

Dates
Geometric Mean Exceed 1000 cfu/100 mL? Percent which exceeds 2000 cfu/100mL
2/21 - 3/4
1109
Yes
40%
2/29 - 3/15 *
1766.52
Yes
60%
2/29 - 3/15 **
1463.48
Yes
40%
3/1 - 3/16 *
1606.29
Yes
60%
3/1 - 3/16 **
1330.74
Yes
40%
3/2 - 3/17 *
2019.71
Yes
80%
3/2 - 3/17 **
1673.25
Yes
60%
3/4 -3/18 *
1655.84
Yes
80%
3/4 - 3/18 **
1371.78
Yes
60%
3/15 - 3/19*
1707.68
Yes
80%
3/15 - 3/19 **
1414.73
Yes
60%
3/16 - 3/21
1507.77
Yes
80%
3/17 - 3/22
1419.31
Yes
40%
3/18 - 3/23
1467.54
Yes
40%
3/19 - 3/24
1650.6
Yes
40%
3/21 - 3/25
1393.31
Yes
40%
3/22 - 3/26
990.78
No
20%
3/23 - 4/4
939.02
No
20%
3/24 - 4/5
841.2
No
0%
3/25 - 4/6
799.96
No
0%
3/26 - 4/7
1250.48
Yes
20%
4/4 - 4/16
1557.76
Yes
20%
4/5 - 4/22
1071.32
Yes
20%
* Denotes that the 3/15 sample used was the first, taken at 13:30
** Denotes that the 3/15 sample used was the second, taken at 18:56
Compliant
Non-compliant

Finally, geometric means of E. coli (cfu/100ml) were assessed as to one specific
sampling date. On March 15, 2012, two samples were taken. The first, taken at 13:30,
was shown to have an E. coli (cfu/100ml) level of 4100 cfu/100ml. The second was taken
at 18:56, with E. coli (cfu/100ml) level of 1600 cfu/100ml. Two separate samples were
taken this day, due to a large storm event, before which the 13:30 sample took place and
after which the 18:56 sample took place. When assessing geometric means, both samples
were used to demonstrate the difference in geometric mean which can occur even in daily
E. coli (cfu/100ml) variation. This is shown in Table 3.9.

Dates
2/29 - 3/15
3/1 - 3/16
3/2 - 3/17
3/4 -3/18
3/15 - 3/19

Geometric Mean with Sample
13:30 Used
1766.52
1606.29
2019.71
1655.84
1707.68

Geometric Mean with Sample
18:56 Used
1463.48
1330.74
1673.25
1371.78
1414.73
Average Difference =

Difference Between
Geometric Means
303.04
275.55
346.46
284.06
292.95
300.412

Table 3.9 Surface Water Regulation Compliance Calculations, Daily Sampling
Variance

The average difference in cfu/100ml between the geometric mean calculated with
the different sample times on March 15 was 300.412 cfu/100ml. This demonstrates that
even sample times on the same day can make a substantial difference in the geometric
mean which is calculated for compliance.
In Figure 3.10, E. coli (cfu/100ml) and average turbidity (NTU) were plotted
against stage (ft). This figure shows a strong positive relationship between stage (ft) and
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turbidity (NTU). As average turbidity (NTU) increases, stage (ft) also increases. E. coli
(cfu/100ml), however, does not appear to have a strong relationship with either
parameter. In Table 3.2, average turbidity (NTU) and E. coli (cfu/100ml) were found to
have a weak positive correlation. This graph demonstrates that, though there is a
correlation between average turbidity (NTU) and E. coli (cfu/100ml), the relationship is
not strong enough for average turbidity (NTU) to serve as an indicator of E. coli
(cfu/100ml) contamination. There is no level of average turbidity (NTU) which is
protective of human health. This demonstrates that, according to this study, average
turbidity (NTU) would be a poor indicator of E. coli (cfu/100ml) contamination and
should not be used for public health protection.
Figure 3.10 indicates the presence of a consistent point source of E. coli
(cfu/100ml) contamination. E. coli (cfu/100ml) does not have a strong relationship to
stage (ft) or turbidity (NTU), yet there is a consistent presence of E. coli (cfu/100ml) in
the river, without any changes in difference of stage (ft). It appears that there is both a
point source, and an impact from stormwater of increased E. coli (cfu/100ml) load in the
Lost River watershed. A steady source of E. coli (cfu/100ml) contamination seems to
provide a base load to the river.
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Figure 3.10

CHAPTER 4

DISCUSSION

Descriptive statistics demonstrated that E. coli (cfu/100ml) levels were highly
variable during the study period, having a minimum value of 0 cfu/100 ml, a maximum
value of 4100 cfu/100 ml, and a standard deviation of 1195.99 cfu/100 ml. As shown in
Table 3.1, average turbidity (NTU) was variable, with a minimum of 3.18 NTU, a
maximum value of 75.7 NTU, and a standard deviation of 21.45 NTU. Total coliform
was shown to have a minimum value of 3,000 cfu/100ml, a maximum of 32,000
cfu/100ml, and a standard deviation of 10,754.678.
A weak positive correlation was shown to exist between average turbidity (NTU)
and E. coli (cfu/100ml) levels, suggesting that as the value of one parameter rises, the
other parameter’s values are also likely to rise. However, Figure 3.10 shows that the
relationship between average turbidity (NTU) and E. coli (cfu/100ml) is not strong
enough for average turbidity (NTU) to be used as an indicator of E. coli (cfu/100ml)
presence. Further sampling and data analysis would be needed to determine whether there
are any causal relationships between rainfall and runoff and the resulting average
turbidity (NTU) and E. coli (cfu/100ml) levels.
Comparison of average turbidity (NTU), stage (ft), and E. coli (cfu/100ml) values
to the qualitative values of water color changes show a relationship. Average turbidity
(NTU) and stage (ft) medians increase as the water color changes from blue to green to
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brown. E. coli (cfu/100ml) median levels were higher when water was brown compared
to when water was blue or green. This suggests that water color could potentially prove to
be an indicator for E. coli (cfu/100ml), however, Figure 3.10 suggest that this may not be
the case and that more data and research would need to be conducted before a reliable
indicator model could be formed.
E. coli (cfu/100ml) levels appear to have some relation to storm events and storm
water runoff. However, Figure 3.10 demonstrates that a potential point source is
providing a base level of E. coli (cfu/100ml) independent of storm events. This finding
follows the results of other previous investigations found in the literature, which suggests
that many watersheds see increases of bacterial pollutants with storm events.
Kentucky’s secondary contact surface water standards were exceeded throughout
the study period and were associated with increases in stage (ft). E. coli (cfu/100ml)
levels above 2,000 cfu/100 ml occurred when stage (ft) increased, with exception to one
sampling event. Greater than 50% of samples were over 1000 cfu/100 ml, and 33% were
over 2000 cfu/100 ml. Surface water standards were violated during 82.6% of the study
period, meaning that human health was at risk for the majority of the period. Therefore,
the latent effects of storm events were related to the water quality standards. Results
indicated that Lost River Cave and Valley should have a policy to inform patrons and
shut down boat tours when acute health risks are present. Educational notices should be
relayed to patrons regarding the potential health risk, and wash stations should be
provided so that customers can wash their hands and protect their health.
In addition to human health implications, policy implications are found in this
study. Though the majority of the period was shown to violate Kentucky Division of
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Water surface water regulations, 17.4% of the geometric means sampled did not. For
example, if Lost River had been sampled during a low stage (ft) period, compliance
would be achieved, despite not being an accurate picture of general water quality of Lost
River. As well, Table 3.9 demonstrated that the variances in E. coli (cfu/100ml) levels
over the course of one day can have profound difference upon geometric mean, and
therefore compliance.
Lost River, a surface stream for part of its course, does not fall under the
Kentucky Division of Water Surface Water Standards. Lost River is defined as
groundwater. Surface water standards are therefore not applicable to Lost River.
However, water quality standards are applied to protect designated uses. A designated use
of Lost River as a surface stream is secondary and primary contact recreation. Policy
changes are needed in cases of groundwater streams which surface and support uses that
may impact human health. Additionally, data collected during this study show that the
compliance endpoint for comparison with the water quality standards is variable
dependent upon the conditions of the stream. Policy should state the conditions under
which the standards apply. In the case of E. coli (cfu/100ml), compliance with the
regulations could be easily manipulated by awareness of the conditions which produce
elevated measurements.
Lost River Cave is not governed by specific federal or state standards or policies,
as it is classified as groundwater up until it permanently surfaces at Lost River Rise. This
means that surface water standards do not apply. This has major human health and
environmental implications, as there are effectively no standards to govern quality, and
therefore no regulations to protect human or environmental health from E. coli
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(cfu/100ml) contamination. The observation of high E. coli (cfu/100ml) levels presents a
human health hazard which cannot be addressed through current state and federal policy,
and so must be observed through research and the provision of indicator tools to
managers.
However, a site specific policy may be instated by Lost River Cave and Valley to
protect the health of their visitors and employees. Unfortunately, this study has shown the
relationship between average turbidity (NTU) and E. coli (cfu/100ml) to be too weak to
be of use as an indicator. However, the fact that surface water standards were violated
during the majority of the study suggests that education and information on the subject
should be available to the patrons of the parks, so that they may protect their own health.
Notices posted in the park, or a brief educational talk before or during the tour would
allow the customers to take steps to protect themselves. The park should also give
customers the option of a hand washing station, so that health behaviors could be
practiced to prevent illness. Analysis has also indicated that a color scale has the potential
to be employed as a safe and economical way to indicate water quality, though additional
data would be needed to determine effectiveness of such a tool. This method would need
to be evaluated with a seasonal and event based sampling regime. Data in this research
were limited to the spring months of February, March, and April.
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CHAPTER 5

CONCLUSION

Data from this study showed that Lost River Cave E. coli (cfu/100ml) levels
correspond to stage (ft) and have a weak correlation to turbidity (NTU), which suggests
that E. coli (cfu/100ml) levels are impacted by storm events. The majority of E. coli
(cfu/100ml) levels were found to be over 1000 cfu/100ml, and 33% of samples exceeded
2000 cfu/100ml. As well, 82.6% of geometric means, calculated according to Kentucky
Division of Water surface water standards, were non-compliant with the secondary
contact use E. coli (cfu/100ml) standard.
These conclusions demonstrate that Lost River E. coli (cfu/100ml) levels
correspond to storm events, and are likely carried by stormwater into the stream. E. coli
(cfu/100ml) levels were elevated, especially around the time of storm events, and
presented a health risk to visitors and employees of the park. However, because Lost
River is not regulated by Federal or State groundwater standards, it is necessary that Lost
River Cave and Valley management institute a policy to protect human health in regards
to water quality. It is suggested that the park begin to implement measures to protect
public health, such as educational talks or posters, and hand washing stations.
Future research could include the effectiveness of current surface water
compliance sampling regimes, as this research has shown that the current method had the
potential to inaccurately describe the nature of E. coli (cfu/100ml) levels in Lost River. In
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addition, implications of the lack of groundwater policies could be assessed, especially at
a site such as Lost River, where secondary contact of groundwater frequently occurs.
Finally, source-tracking could be used to determine the source of E. coli (cfu/100ml) in
the watershed, and aid in remediation efforts to prevent E. coli (cfu/100ml) entering Lost
River.
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