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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a

large part of the Nation’s freshwater streams,
rivers, and aquifers.

¢ Describe how water quality is changing over

time.

¢ Improve understanding of the primary natural

and human factors that affect water-quality
conditions.
This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 60 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

ﬂa&@\‘ M. Werae

Robert M. Hirsch
Chief Hydrologist
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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer
pound (1b) 0.4536 kilogram
acre 0.4047 hectare
gallon (gal) 3.785 liter
cubic foot per second (ft*/s) 28.32 cubic decimeter per second
gallon per minute (gal/min) 0.06308 liter per second
million gallons per day (Mgal/d) 0.04381  cubic meter per second

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius (°C) as follows:

°C=(°F-32)/1.8

Sea level: In this report sea level refers to the National Geodetic Vertical Datum of 1929
(NGVD of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets
of both the United States and Canada, formerly called Sea Level Datum of 1929.

Water year: The 12-month period from October 1 through September 30. The water year is
designated by the calendar year in which it ends and which includes 9 of the 12 months.
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Mining Reclamation and Enforcement; U.S. Army Corps of
Engineers; U.S. Environmental Protection Agency; U.S.
Geological Survey; and U.S. Office of Surface Mining Rec-
lamation and Enforcement. These retrievals included data
from 1951 through 1986 for about 8,000 samples collected
from more than 500 sites.

To ensure that the available data were suitable for
analysis, it was necessary to evaluate (or screen) the data
with respect to sampling purpose, methods, and the number
of observations. Only 30 sites in the basin had 10 or more
values for 1 or more constituents obtained during water
years 1976-86. The data base from these 30 sites consisted
of about 2,300 samples, containing 34,000 individual deter-
minations for 93 different constituents or properties.

The water-quality monitoring program of the Ken-
tucky Division of Water accounts for most of the data avail-
able for individual site statistical analyses for the 1976-86
period. The other major sources of data obtained during this
period were from the National Stream Quality Accounting
Network program and from miscellaneous measurements,
both components of U.S. Geological Survey operations.
Although the available data are generally well distributed
with respect to season and flow condition, relatively few
high-flow periods were sampled at most sites.

Existing water-quality information for the basin is
adequate for making a generalized assessment of common
water-quality properties and constituents, such as pH, alka-
linity, major ions, nutrients, and selected major metals and
trace elements. With the exception of synthetic organic
compounds and several trace elements, the occurrence of a
specific constituent in the surface water of the Kentucky
River basin can be determined by using existing informa-
tion. However, the existing data are not adequate to address
questions concerning the distribution and transport of many
constituents or to associate water-quality conditions with
causative factors. Trend detection for concentrations of
trace elements, synthetic organic compounds, and radionu-
clides was hampered because of a short, if any, period of
record and the occurrence of concentrations less than labo-
ratory detection levels.

Current Water-Quality Conditions and Long-Term
Trends

The quality of most surface water in the Kentucky
River basin is generally suitable to support designated uses
on the basis of applicable Federal and State water-quality
criteria. However, because of point and nonpoint sources of
contamination, water in some stream reaches in the basin do
not meet applicable Federal and State quality criteria and do
not support designated uses.

In the upper Kentucky River basin, which is charac-
terized by rugged topography and steep stream slopes, land
disturbance caused by surface and underground mining sub-

stantially affects water quality. The annual sediment yield
for the North Fork Kentucky River basin is about 15 times
the yield of the entire Kentucky River basin as a whole.
Sediment deposition also occurs in this region, particularly
in the pool behind lock and dam 14, downstream of the con-
fluence of the North, Middle, and South Forks. The chemi-
cal quality of streams can also be affected by land
disturbance, including mining. This is particularly true for
concentrations of iron, sulfate, and other dissolved constitu-
ents. More than 60 percent of the dissolved sulfate load in
the Kentucky River basin originates in the upper basin. In
addition, about 55 percent of the dissolved chloride load for
the entire basin is attributed to brine discharges from oil and
gas production areas in the upper basin. Because of the
changes in water quality and the resulting loss of habitat
caused by sedimentation, only a few, more tolerant biologi-
cal organisms are able to survive in the most affected stream
reaches of this region.

The middle Kentucky River basin corresponds
roughly to the Knobs physiographic region and is character-
ized by pristine water-quality conditions as well as by con-
ditions that reflect the effects of oil and gas production. In
largely undeveloped areas, water in some reaches of the Red
River in this region is classified as Outstanding Resource
Water—the State's highest classification—and supports a
large, diversified biological community. However, an area
of intensive oil and gas production substantially affects the
quality of water in several streams nearby. Dissolved solids,
barium, sodium, chloride, bromide, and other dissolved
constituent concentrations are particularly increased as a
result of brine discharges that originate from oil production.
Some stream reaches draining active oil and gas fields sup-
port only a few, highly tolerant aquatic organisms as a result
of the high concentrations of dissolved constituents.
Approximately 35 percent of the chloride load in the entire
basin originates from the middle basin.

Agriculture and urbanization substantially affect
water quality in the lower Kentucky River basin. Character-
ized by gently rolling terrane and limestone bedrock, this
physiographic region is home to most of the basin popula-
tion and is the center of a large, world-renowned thorough-
bred horse industry. Corn, tobacco, and livestock production
also contribute to the agricultural land use in this region.
Because of population density and agricultural activities,
the largest inputs of nitrogen and phosphorus (including
about 76 percent of the annual load of ammonia and organic
nitrogen) into streams are estimated to occur in the lower
basin. Nearly 80 percent of the total ammonia and nitrogen
load transported in the lower Kentucky River is estimated to
originate from nonpoint sources. Suspended-sediment
yields are large in basins that drain agricultural land, and in
places, the yields approach those observed in areas of the
upper basin that are affected by mining activities. Biological
communities in some stream reaches draining urban areas
have been substantially affected because of low dissolved
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oxygen concentrations and high concentrations of trace met-
als and other constituents resulting from wastewater inputs
and nonpoint-source runoff.

A data summary describing the median concentration
and mean-annual yield for selected constituents is presented
in table 1. Organized by region (upper and lower basin), dif-
ferences in water quality that result from different land use
activities can be identified. Water-quality trends and Federal
and State criteria exceedances for selected constituents are
summarized in tables 2 and 3 (at end of paper) for those sites
where at least 10 observations were made. Other significant
results, organized by constituent class, are described below.

Precipitation and Streamflow

From the analysis of long-term data, two time periods
exhibited significant trends in the magnitudes of streamflow
and precipitation. A strong increasing trend in flow and pre-
cipitation occurred from the early 1960's to the mid-1970's,
and a strong decreasing flow and precipitation trend is indi-
cated since the mid-1970's. Most water-quality data avail-
able were collected during the period of decreasing
streamflow and precipitation.

pH and Major Inorganic Constituents

Streams in the Kentucky River basin are generally
well buffered and slightly alkaline, as a result of an abun-
dance of carbonate minerals in the soil and bedrock. Median
pH values ranged from 7.1 to 7.8. Acid-mine drainage in the
upper part of the basin is quickly neutralized by carbonate
minerals in soils. Water of the Kentucky River basin gener-
ally becomes increasingly alkaline from the Eastern Coal
Fields region downstream to the Bluegrass region. In the
pooled reaches of the main stem, pH values have occasion-
ally exceeded 9.0 (the maximum criterion for aquatic life).
These high values most likely result from algal productivity
and associated reduction of carbon-dioxide concentrations.

Three major source areas of dissolved solids in
streams in the Kentucky River basin are the North Fork
Kentucky River basin, which receives drainage from coal
mining and oil and gas production areas; the middle part of
the basin, which receives drainage from oil and gas produc-
tion areas; and the Elkhorn Creek basin, which receives
effluent discharges and urban stormwater runoff. Only about
3 percent of the more than 1,600 observations of
dissolved-solids concentrations measured in samples from
30 sites in the basin exceeded the Federal secondary maxi-
mum contaminant level (SMCL) criterion of 500 milligrams
per liter. Concentrations of dissolved solids in the main stem
of the Kentucky River generally decrease with distance
downstream as a result of dilution. Long-term positive
trends in dissolved-solids concentrations, ranging from
about 3 to 10 percent per year, were detected for 7 of 11
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long-term sites in the study area. Increased production of
coal, oil, and gas during 1976-86 is thought to be a caus-
ative factor for these trends.

Concentrations and loads of dissolved sodium and
chloride increase in the central part of the basin, down-
stream from tributaries draining oil-producing areas. Ele-
vated dissolved sodium and chloride concentrations related
to wastewater discharges and possibly road salting are
present in South Elkhorn Creek, which receives wastewater
and stormwater from the Lexington urban area. Road salt
might account for as much as 11 percent of the estimated
annual chloride transported from the Kentucky River basin.
From 1980 to 1986, the increase in salt application in the
Kentucky River basin averaged about 12 percent per year.
About 2 percent of the annual load of dissolved sodium and
chloride is estimated to originate from atmospheric deposi-
tion.

Increasing trends in dissolved chloride concentrations
were identified at all sites on the main stem downstream
from Jackson, Ky. At lock 14 on the Kentucky River,
flow-adjusted chloride concentrations were determined to
be increasing at a rate of about 3 milligrams per liter per
year (or about 30 percent per year). The increasing trends
are attributed to increases in oil-brine discharges in the
North Fork Kentucky River basin, particularly from areas
downstream of Jackson, Ky.

The largest dissolved sulfate concentrations in the
basin are in streams draining the upper part of the basin,
particularly the North Fork Kentucky River basin, which is
intensively mined for coal. More than one-third of the dis-
solved sulfate load in the Kentucky River originates in this
part of the basin. Atmospheric deposition contributes about
11 percent of the total sulfate load leaving the basin.
Increasing trends in total sulfate concentrations were signif-
icant at the 0.1 probability level on all main stem sites. The
greatest increases in sulfate concentrations over time were
associated with stream sites in the upper basin, where min-
ing activities are prevalent.

Suspended Sediment

Suspended-sediment concentrations in the Kentucky
River basin generally decrease downstream from areas
draining the Eastern Coal Field region but then increase in
the most downstream part of the basin as a result of drain-
age from agricultural areas. The estimated annual sediment
yield for the North Fork Kentucky River basin, which has
about 4 percent of its area disturbed by mining, is about
1,500 tons per square mile. In contrast, the estimated annual
sediment yield of the headwater area of the Red River basin,
which has less than 0.1 percent of its area disturbed by min-
ing, is about 150 tons per square mile. The estimated annual
sediment yield from the Eagle Creek basin, in which more



Table 1. Summary of median concentrations and mean annual yields for selected water-quality constituents in the Kentucky

River basin

[mg/L, milligrams per liter; tons/mi?, tons per square mile]

Dissolved solids Nitrogen, total as N Phosphorus, total as P Suspended sediment Iron, total
. Median . Median Mean Median Mean Median con-  Mean
Station concentra- M?aln annual Median con-  Mean concentra-  annual concentra-  annual centra- annual
tion yield {tons/ centration  annual y:_eld tion ield tion ield tion ield
mi?) (mg/)  (tons/mi?) vield | viead yee,
(mg/t) (mg/L) (tons/mi?) (mg/L) (tons/mi?) (mg/L) (tons/mi?)
UPPER BASIN
North Fork 295 234 0.76 1.59 0.03 0203 27 1,480 1,200 17.7
Kentucky River at
Jackson
Middle Fork 124 140 46 67 02 094 22 133 930 312
Kentucky River at
Tallega
South Fork 145 144 52 .89 02 062 12 172 550 2.86
Kentucky River at
Booneville
LOWER BASIN
Kentucky River 180 211 1.4 1.84 .08 183 18 108 400 248
below Frankfort
Elkhorn Creek near 358 432 9.3 9.06 1.5 1.59 10 18.7 350 613
Midway
Kentucky River at 177 227 1.3 2.18 .10 265 37 105 1,100 253

Lock 2, at Lockport

than 50 percent of the land is used for mixed row-crop and
pasture, is about 1,000 tons per square mile.

Transport estimates indicate that nearly 75 percent of
the 1.8 million tons of suspended sediment annually trans-
ported from the upper Kentucky River basin (North, Mid-
dle, and South Forks) is deposited behind lock and dam 14
in the uppermost navigational pool on the Kentucky River.
The annual transport of sediment from the entire Kentucky
River basin is about 650,000 tons, which is only about
one-half the dissolved-solids load transported out of the
basin each year. Although decreasing trends in suspended-
sediment concentrations were detected at 7 of 11 sites dur-
ing the 1976-86 period, most of these decreases were
related to decreases in streamflow during the same period.

Nutrients

Concentrations of total nitrogen and total phosphorus
gradually increase from the headwater reaches to the mouth
of the Kentucky River as a result of downstream increases
in population density and agricultural activities. Largest
nutrient concentrations and yields typically occur in South
Elkhorn Creek, which receives sewage and industrial efflu-
ent discharges from the most urban part of the basin. More
than 20 percent of the samples collected at South Elkhorn
Creek at Midway, Ky., exceeded the warmwater aquatic
habitat criterion of 0.05 milligrams of un-ionized ammonia
per liter adopted by Kentucky. Greater than 95 percent of
the annual load of ammonia and organic nitrogen is esti-
mated to originate in the lower part of the basin. About 80

percent of this load originates from nonpoint sources such
as agricultural and urban runoff. The balance is due princi-
pally to point sources such as municipal and industrial efflu-
ents.

Major Metals and Trace Elements

Most major metals and trace elements present in the
surface water of the Kentucky River basin originate from
nonpoint sources and generally are a reflection of the geol-
ogy. Concentrations and yields of several constituents,
including iron, manganese, copper, chromium, and alumi-
num, seem to be closely related to land disturbance, such as
coal mining and agricultural cultivation.

Basinwide, 70 percent of water samples analyzed for
total iron had concentrations that exceeded the Federal
SMCL value of 300 micrograms per liter established for
public water supplies. The median concentration of total
iron at many stream sites in the Eastern Coal Field region
exceeded the Kentucky water-quality criterion of 1,000
micrograms per liter. These high concentrations typically
decrease downstream but on many occasions remained
above established criterion. Largest total iron yields origi-
nated from the North Fork Kentucky River basin and were
more than four times greater than yields for any other
stream site. Virtually all (99 percent) of the total iron trans-
ported from the Kentucky River basin originates from non-
point sources. Both flow-adjusted and nonflow-adjusted
concentrations of dissolved and total iron decreased at many
sites in the basin. This may be due to the implementation of
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mining regulations and to the application of improved min-
ing and reclamation techniques.

Similar to iron, more than 70 percent of all analyses
for total manganese exceeded the State and Federal criterion
of 50 micrograms per liter, and many sites in the Eastern
Coal Field region have, on occasion, exceeded a total man-
ganese concentration of 1,000 micrograms per liter.
Although derived from natural geologic sources, many of
these large concentrations are attributed to land disturbance,
such as mining. Transport estimates for selected sites in the
basin indicated that the largest yield of total manganese was
for the North Fork Kentucky River upstream of Jackson, an
area intensively mined for coal. The largest yield deter-
mined for dissolved manganese was that for the upper Red
River basin. Land disturbances in the upper Red River basin
that might cause the observed manganese yields include
agriculture, silviculture, and some coal mining.

About 5 percent of all total recoverable cadmium
concentrations (606 observations) exceeded Federal drink-
ing-water criterion. Cadmium concentrations also exceeded
Federal aquatic life (chronic) criterion on occasion (1 per-
cent of all observations). More than 150 observations (15
percent) exceeded Federal aquatic life criterion for total
recoverable copper. The source of these elements probably
is from weathered rocks. Land disturbance, such as mining,
seems to affect copper transport especially. Total copper
concentrations decreased during the period 1976-86, but the
decrease might reflect decreasing flow conditions during
this same period.

Trend analyses indicated that lead and mercury con-
centrations in streams decreased during the 1976-86 period.
The relations among lead and mercury concentrations and
streamflow could not be determined. Total recoverable lead
concentrations exceeded Federal drinking-water criterion in
60 observations (9 percent of all observations) and
exceeded Federal aquatic life (acute) criterion in 47 obser-
vations (7 percent). Lead concentrations generally were
larger in the more urban parts of the basin. Total recoverable
mercury concentrations exceeded both Federal drinking-
water criterion and Federal aquatic life (acute) criterion for
about 6 percent of all observations (623 observations).
Widespread in occurrence, mercury in the basin could not
be associated with any particular land use and, thus, seems
to be derived from natural geologic sources.

Concentrations of total zinc exceeded Kentucky's
warmwater aquatic habitat criterion of 47 micrograms per
liter for about 16 percent of the samples collected between
1976 and 1986. Transport estimates for total and dissolved
zinc indicate that zinc is contributed from a number of dif-
ferent land uses. This indicates that zinc might be derived
from natural sources, such as the weathering of geologic
materials or atmospheric deposition.
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Pesticides and Other Synthetic
Organic Compounds

Historical data on organic compounds in the Ken-
tucky River basin are limited. Almost no data exist for poly-
chlorinated biphenyls (PCB’s), phenols, phthalate esters,
and polycyclic aromatic hydrocarbons in streams. The pres-
ence of several organochlorine insecticides was detected in
a small number of fish tissue and streambed sediment sam-
ples. Of the highly persistent organochlorine compounds
detected, only chlordane, commonly used for termite con-
trol, continues to be used on a wide spread basis. Four orga-
nochlorine pesticides were detected in at least 50 percent of
samples analyzed-—chlordane and lindane in streambed sed-
iment and DDT and DDE in fish tissue.

Fecal Indicator Bacteria

Elevated concentrations of fecal coliform bacteria
generally were detected in two areas of the Kentucky River
basin: the North Fork Kentucky River basin upstream of
Jackson and the most populated area of the basin around
Lexington and Frankfort. On the basis of observed seasonal
pattern of concentration, point sources of fecal coliform pre-
dominate in the upper basin, and nonpoint sources predomi-
nate in the lower basin. Approximately 5-10 percent of the
fecal-coliform measurements obtained throughout the basin
exceeded the Kentucky domestic water-supply criterion of
2,000 colonies per 100 milliliters of water. About 40-50
percent of all fecal-coliform measurements exceeded the
Kentucky criterion of 200 colonies per 100 milliliters for
primary contact recreational water.

INTRODUCTION

Since 1986, Congress has annually appropriated funds
for the U.S. Geological Survey (USGS) to test and refine
concepts for a National Water-Quality Assessment
(NAWQA) Program. The long-term goals of the program
would be to
1. Provide a nationally consistent description of current

water-quality conditions for a large part of the

Nation's surface- and ground-water resources,

2. Define long-term trends (or lack of trends) in water qual-
ity, and

3. Identify, describe, and explain, as possible, the major
factors that affect observed water-quality conditions
and trends.

The results of the NAWQA Program will be made
available to water managers, policy makers, and the public
and will provide an improved scientific basis for evaluating
the effectiveness of water-guality-management programs
and for predicting the likely effects of contemplated
changes in land- and water-quality-management practices.





































































Table 14.
[USGS, U.S. Geological Survey]

Land use upstream from selected stream sites in the Kentucky River basin
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Figure 14.

charge at the time of sampling. Sampling that is perfectly
representative of the flow regime would be evident in two
ways. First, the points would extend to each end of the
flow-duration curve. In practice, this can be achieved only
by collecting many more samples or scheduling sampling to

Number of surface-water-quality samples collected in the Kentucky River basin, water years 1952-86.

meet specified flow conditions. Second, the points would lie
exactly on the curve. Figures 16, 17, and 18 show that, in
general, sampling is not biased toward a particular flow
condition. Low-flow sampling has been adequate. However,
the figures also show that relatively few high-flow events
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Figure 15.  Number of surface-water-quality samples collected in the Kentucky River basin by month,

were sampled at these sites. High-flow sampling has been
adequate at sites 3.1 and 7.0, and consistently less than ade-
quate at site 2.0. For a given exceedance probability at site
2.0, sampled discharge toward the upper end of the curve is
only half of that expected from the distribution of daily
flows. The flow duration at times of sampling for selected
constituents and properties for sites based on available data
for water years 1976-86 is shown in table 15 (at end of

paper).

Types of Water-Quality Determinations

The number of samples obtained in the Kentucky
River basin by major property and constituent groups are
shown in figure 19 for the historical and current-record peri-
ods. The major ions group had the largest number of sam-
ples during both periods, whereas synthetic organic
chemical and radiochemical data represented a small por-
tion of samples collected in the basin. Thus, the data base
contains a relatively large number of analyses useful in
addressing issues such as salinity but relatively few analy-
ses that are needed to address issues of more recent concern,
such as contamination of water by potentially toxic organic
compounds or radionuclides.
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National Uranium Resource Evaluation Program
Data

The National Uranium Resource Evaluation (NURE)
program was established by the U.S. Department of Energy
to evaluate domestic uranium resources in the continental
United States. Samples of streamwater and streambed sedi-
ments were obtained during the period 1978-80 at thou-
sands of sites in 37 States. Data obtained as a result of the
NURE program were intended for use in identifying broad
areas for further study. The following discussion of NURE
sampling data and methodology is an excerpt from Sargent
and others (1982).

Streamwater and streambed sediment samples were
obtained in many, but not all, counties in the Kentucky
River basin. Field measurements of pH, specific conduc-
tance, and alkalinity were obtained at stream sites. About
1,450 streamwater samples were analyzed for concentra-
tions of major ions (sodium, magnesium, bromide, chloride,
fluoride, and aluminum) and selected trace elements (man-
ganese, dysprosium, vanadium, and uranium). About 1,200
streambed sediment samples were analyzed for total or
total-recoverable concentrations of aluminum, barium,
beryllium, boron, calcium, cesium, chromium, cobalt, cop-
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Figure 16.  Streamflow duration and instantaneous streamflow at time of sampling for the North Fork Kentucky River at Jackson,

water years 1976-86.

per, dysprosium, europium, hafnium, iron, lanthanum, lead,
lithium, lutetium, magnesium, manganese, molybdenum,
nickel, niobium, phosphorus, potassium, samarium, scan-
dium, selenium, sodium, strontium, thorium, titanium,
uranium, vanadium, yttrium, ytterbium, zinc, and zirco-
nium.

National Atmospheric Deposition Program Data

The National Atmospheric Deposition Program
(NADP) is designed to determine regional geographical pat-
terns and long-term trends in the chemical composition of
wet atmospheric deposition (Bigelow, 1986). Collection of
data began in 1978 at seven sites. By 1983, the collection
network contained 190 sites. Three sites are near the Ken-
tucky River basin, in Boyle, Letcher, and Rowan Counties.
Analyses of weekly precipitation samples for the period
1984-86 were obtained for the three sites. Data included
precipitation amounts, pH, specific conductance, and con-
centrations of major dissolved ions. Descriptive statistics
were compiled for each site, and annual precipitation load-
ings were computed. Because the three sites are not located
near urban areas, loadings projected to the Kentucky River
basin, which includes several urban areas, are probably

conservative. Trends were not analyzed because of the short
period of record. Because results were basically the same at
all three sites, discussion in this and later sections is limited
to only one site—Perryville Battlefield in Boyle County,
about 30 mi southwest of Lexington.

Pollutant-Discharge Estimates

Estimates of current average annual pollutant dis-
charges in the Kentucky River basin were compiled by
Gianessi (1986). Both point and nonpoint sources were con-
sidered. For nonurban-nonpoint sources, the estimates were
developed cooperatively with the USGS, the U.S. Depart-
ment of Agriculture Soil Conservation Service, and the
EPA. The primary sources of data for point sources in the
Kentucky River basin were the facilities files of the KDOW,
and the National Pollution Discharge Elimination System
files of the EPA (Gianessi, 1986). The point-source inven-
tory compiled from these files includes industrial facilities,
power plants, and wastewater treatment facilities (municipal
and privately owned) discharging pollutants to surface
water on a regular basis. Average discharge levels of pollut-
ants were compiled from the files or were estimated from
technical wastewater treatment literature for each industrial
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years 1976-86.

category or for various water uses such as cooling water.
Values of pollutants not specifically reported were estimated
based on the industrial category, type of wastewater, and
treatment level.

Nonpoint sources include runoff from urban areas,
cropland, pasture land, forests, and mines. Pollution esti-
mates for the Kentucky River basin from these sources per-
tain to nutrients and trace metals from urban runoff,
sediment and sediment attached pollutants from rural lands,
dissolved nutrient and pesticide discharges from agricultural
lands, and drainage from mines.

The procedures used for making nonpoint-source
estimates generally involved starting with a county-based
inventory of source activity, such as gross soil erosion from
rural lands as estimated in the U.S. Department of Agricul-
ture's 1982 National Resources Inventory. The principal
sources of pesticide usage data were various State, regional,
and national usage surveys conducted by the Economic
Research Service of the U.S. Department of Agriculture,
and the Office of Pesticide Programs of the EPA. The frac-
tion of the activity that results in a loss to waterways was
then estimated. In the case of sediment arising from gross
soil erosion, sediment delivery to waterways was estimated
on the basis of soil texture and drainage density using meth-
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ods described by Gianessi (1986). In the case of nutrient
loss from fertilizer applications, the Cornell Nutrient Simu-
lation Model was used (Gianessi, 1986). Next, the quantities
of pollutants associated with each activity were estimated.
Using sediment as an example, the nutrient and heavy metal
content of soils throughout each county were estimated
using Soil Conservation Service county soil inventory docu-
ments and USGS reports that characterize the content of
surface soils.

A more complete discussion of these point- and
nonpoint-source, pollution-discharge estimates, with
emphasis on estimation procedures, is made by Gianessi
(1986). Most of the loads listed in the data base are esti-
mates rather than measurements. Because of the degree to
which nonpoint-source load estimates were dependent on
uncertain estimation procedures that could result in signifi-
cant error, for this report, more emphasis was placed on the
point-source load estimates made by Gianessi (1986).

CURRENT WATER-QUALITY CONDITIONS AND
LONG-TERM TRENDS

The assessment of water-quality conditions and
trends in the Kentucky River basin used data from both the
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Figure 18.  Streamflow duration and instantaneous streamflow at time of sampling for the Kentucky River above Frankfort, water
years 1976-86.

current and historical periods, and employed a variety of  load calculations, trend analyses, and comparisons to appli-
graphical and statistical methods for data analysis. Although  cable water-quality criteria were performed and were used
some useful information was available from the historical to describe, to the extent possible, current water-quality
period (streamflow and precipitation, for example), data conditions. Data from the current-record period are not
necessary to make meaningful statistical determinations without limitations, however. For example, estimation of
were primarily available from the current time period for ~ annual constituent loads can be significantly affected by the
most constituents and properties. When possible, the data  limited data available for characterization of high-flow con-
were compared to applicable Federal and State  ditions. Descriptions of water-quality conditions and trends
water-quality criteria. in the Kentucky River basin are presented below.

Available historical data (195186 water years) were
used to describe occurrence and relative concentration of
constituents throughout the basin. Typically, median values
at specific sites were plotted on a basin map to show spatial
distributions. Maximum and minimum values observed dur-
ing the historical period were often compared to values
observed during the current period. Comparison of histori-
cal data to applicable water-quality criteria were also made,
when appropriate. Because of insufficient data for most

Temperature

Federal water-quality criteria for temperature for the
protection of aquatic life are species dependent. However,
the Kentucky criteria for aquatic habitat require water tem-
perature to be less than 31.7°C for streams classified as
warmwater habitat and for water temperatures not to exceed
natural seasonal variations for water classified for coldwater

constituents, detailed statistical summaries, load calcula-  papitat. No site for which 10 or more observations were
tions, and trend analyses for the historical period were not  ayailable had a 90-percentile value greater than the applica-
possible. ble Kentucky criteria of 31.7°C (table 16 at end of paper).

Current data (1976-86 water years) were more exten-  Also evident from table 16 is that little spatial variability is

sively used to describe recent water-quality conditions present between the sites represented. This seems to apply
because of the availability of data. Statistical summaries,  to sites on the main stem of the Kentucky River as well as
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basin, water years 1952-86.

tributary sites. Streamwater temperatures generally reflect
daily mean air temperatures, and because little spatial vari-
ability occurs in daily mean air temperatures, little variabil-
ity occurs in water temperatures. Low temperatures are
moderated somewhat on the main stem because of the addi-
tional thermal storage and lower levels of heat transfer
between the water and the atmosphere caused by greater
depths of water in the streams and sluggish flows.

In addition to air temperatures, water temperatures
can be influenced by geothermal sources and by various
land and water use and waste-management practices. For
instance, reservoir management and release practices can
affect downstream water temperatures. Instream water use
for hydropower and offstream uses for cooling and other
purposes can affect water temperatures as can disposal of
heated or temperature-altered waste, such as sewage efflu-
ent. Apparent evidence of the latter can be seen at South
Elkhorn Creek near Midway (site 9.3). During lower flows,
the composition of streamwater is dominated by sewage
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Numbers of surface-water samples analyzed for selected property and constituent groups in the Kentucky River

effluent and the water is warmer than would be expected
under natural conditions.

Seasonality of air temperature does cause a corre-
sponding seasonal pattern in water temperature as shown in
figure 20. No highly significant long-term trends in water
temperature are apparent from available data for water years
1976-86 (table 17 at end of paper). However, several
flow-adjusted decreasing temperature trends were statisti-
cally significant. The increasing temperature trend at South
Elkhorn Creek near Midway (site 9.3) apparently is related
to increases in effluent discharge to the creek.

pH, Alkalinity, and Acidity

The pH of a solution is defined as the negative
base-10 logarithm of the hydrogen-ion activity and can
range from O (very acidic) to 14 (very alkaline). The pH of
most natural water is in the range of 6.0 to 8.5 units (Hem,
1985). Alkalinity is a measure of the capacity of a water to
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neutralize a strong acid, and acidity is a measure of the
capacity of a water to neutralize a strong base.

The pH of natural water is a measure of the acid-base
equilibrium achieved by various dissolved salts and gases.
The principal system regulating pH in natural water is the
carbonate system, which consists of carbon dioxide, car-
bonic acid, and bicarbonate and carbonate ions. A departure
from near-neutral pH may be caused by the influx of acidic
or alkaline wastes, or, for poorly buffered water, fluctua-
tions in algal photosynthesis. Water with a pH ranging from
6.5 to 9.0 units generally provides adequate protection for
freshwater fish and bottom-dwelling invertebrates (U.S.
Environmental Protection Agency, 1986a).

Streams in the Kentucky River basin generally are
well buffered and slightly alkaline—median pH values
ranged from 7.1 to 7.8 units (based on available data for
water years 1976-86) owing, in part, to an abundance of
carbonate minerals in the soil. Statistical summaries of pH
and concentrations of alkalinity and acidity are presented in
table 18 (at end of paper). The distribution of pH values
along the main stem of the Kentucky River is shown in fig-
ure 21. Lowest median pH values generally occurred in the
upper part of the basin (fig. 22) and were associated with
coal mining, according to Dyer (1983). However, many of
these low values of pH were still greater than 6.0 units, the
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Median monthly water temperature for Red River near Hazel Green, Ky., water years 1976-86.

Kentucky criterion for warmwater aquatic habitat. Most of
the acid-mine drainage produced in the North Fork basin is
rapidly neutralized by carbonate minerals or replaced by
exchangeable bases from aquifer material before it reaches a
stream. Water of the Kentucky River basin generally
becomes increasingly alkaline from the Eastern Coal Fields
region to the Bluegrass region.

About 10 percent of the pH measurements made in
the basin (based on available data for water years 1976-86)
were less than the range of 6.5 to 9.0 units specified in the
Federal SMCL and criterion for the protection of aquatic
life (chronic) (table 19). Also, about 10 percent of the pH
measurements made throughout the basin during this period
were greater than the specified range. Measurements
exceeding the range of 6.5 to 9.0 units typically occurred in
the Bluegrass region, and measurements less than this range
typically occurred in coal producing areas of the upper
basin (table 20 at end of paper). Values of pH at some down-
stream sites occasionally exceeded the upper pH criterion,
which may be due, in part, to algal productivity and associ-
ated reduction of carbon-dioxide concentrations. Significant
decreases in pH were detected at 4 of 11 sites in the basin,
and an increase was detected at 1 site (based on available
data for water years 1976-86) (table 21 at end of paper).
These nonflow-adjusted decreasing and increasing trends
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Table 19. Number of pH and alkalinity measurements made in the Kentucky River basin and percentage not meeting indicated
water-quality criteria, based on available data for water years 1976-86

[Censored values greater than the water-quality criteria were not included in the percentage computations; blank, no constituent criteria]

U.S. ENVIRONMENTAL PROTECTION AGENCY
SMCL = secondary MCL
ALA = aquatic life acute

MCL = maximum contaminant level
MCLG = maximum contaminant level goal

PMCLG = proposed MCLG ALC = aquatic life chronic

KENTUCKY

KYDWS = domestic water supply
KYAH = warmwater aquatic habitat
KYR = recreational waters

Number of Percentage not meeting indicated criteria
Constituent or property measure-
ments® MCL  MCLG  PMCLG SMCL ALA ALC KYDWS KYAH KYR
pH, below water-quality criteria 2,705 10 10 4 4
pH, above water-quality criteria 2,708 10 9 9 9
Alkalinity 2,176 23

occurred throughout the basin and could not be clearly asso-
ciated with any specific causative factor.

The Federal criterion for alkalinity is set at a level of
not less than 20 mg/L as calcium carbonate (CaCO,) for
protection of aquatic life (chronic). Samples from several
locations in the basin did not meet the criterion for alkalin-
ity (table 20), which may be due to limited availability of
carbonate minerals for stream buffering or may be a result
of acid-mine drainage from coal-mined areas in the basin.
Most of the significant trends in alkalinity were positive and
related to decreases in discharge. Significant flow-adjusted
trends for alkalinity were detected at two sites. Both of these
trends were increasing at a rate of about 3 percent per year.

. No major flow-adjusted trends in acidity were
detected (based on available data for water years 1976-86).

Major Cations and Anions, and Related Water-
Quality Characteristics

The presence of chemical constituents dissolved in
water results from (1) physical and chemical characteristics
of the material over which or through which the water
moves, (2) natural weathering processes, and (3) point and
nonpoint sources of the constituents. These dissolved con-
stituents can be either positively charged (cations) or nega-
tively charged (anions). Major cations present in the surface
water of the basin are calcium, magnesium, sodium, and
potassium; major anions are bicarbonate, chloride, sulfate,
and nitrate.

Specific Conductance and Dissolved Solids

Specific conductance is a measure of the ability of
water to conduct an electrical current and is related to the
quantity and types of ionized substances in water. Multi-
plied by 0.6, specific conductance, in microsiemens per cen-
timeter, can be used to estimate dissolved-solids
concentrations, in milligrams per liter, for most natural
water. Because of its simplicity of measurement, more
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observations for specific conductance are in the data base
than for dissolved-solids concentration.

Because of its relation to ionized substances, specific
conductance can be used to estimate concentrations of some
individual dissolved constituents in water. Regression statis-
tics describing the relation between specific conductance
and several dissolved water-quality constituents were deter-
mined for selected sites in the basin (table 22 at end of
paper). The concentration of a particular constituent can be
estimated by the linear regression equation:

Y=a+bX ®)

where
Y is the estimated constituent concentration, in milli-
grams per liter;
a 1is the regression constant (y-intercept of regres-
sion equation);
b 1is the regression coefficient (slope of regression
equation); and
X is the specific conductance, in microsiemens per
centimeter.
The regression equation can be reduced to the following
form:

Y=bX )

because, as specific conductances approach 0, concentra-
tions of individual dissolved constituents in water also
approach O (the y-intercept of the linear regression equation
is equal to 0). The regression equations should be used with
caution in estimating concentrations of constituents because
of relatively small numbers of regression data pairs used to
derive the equations and the degree of variability of data at
some sites.

Dissolved solids consist of inorganic salts, small
amounts of organic matter, and dissolved materials. Equiva-
lent terminology is filterable residue. Excessive dissolved-
solids concentrations (greater than 500 mg/L) in drinking
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Figure 52. Mean monthly total manganese concentrations for the Red River near Hazel Green, Ky., 1979-86.

of the predominance of censored values. No trends were
detected in molybdenum concentrations at lock 2 (site
10.0).

Nickel is present as a constituent in various ores, min-
erals, and soils (Hem, 1985). It is comparatively inert and is
used in corrosion-resistant materials, long-lived batteries,
electrical contacts, spark plugs, and electrodes. It is also
used as a catalyst in the hydrogenation of oils and other
organic substances. Nickel enters water predominately from
mine wastes, electroplating wastes, and atmospheric emis-
sions (Hem, 1985).

While nickel is considered to be relatively nontoxic
to humans, the toxicity to aquatic life indicates tolerances
that vary widely and are influenced by species, pH, and syn-
ergistic effects (U.S. Environmental ‘Protection Agency,
1976). Nickel is toxic to plant life at concentrations as low
as 500 pg/L and reproduction of fathead minnows is consid-
erably affected by concentrations as low as 730 pg/L (U.S.
Environmental Protection Agency, 1976). For water with
hardness of 100 mg/L as CaCO,, the Federal aquatic life cri-
teria for acute and chronic considerations are 1,800 and 96
pg/L, respectively.

Of 201 samples collected in streams in the basin, the
concentration of total nickel ranged from less than detection

limits to 30 pg/L. Dissolved nickel analyses of 175 samples
ranged from less than detection limits to 1,300 pg/L, but the
90-percentile value was 10 pg/L. Samples of streambed
material collected in the basin in support of the NURE pro-
gram had nickel concentrations ranging from 2 to 300 pg/g.
As with molybdenum, high concentrations of nickel in
water seem to correlate with the presence of surface rocks
of Devonian age (black shale).

Less than 1 percent of all nickel concentrations deter-
mined for surface water in the basin were greater than the
96 pg/L. Federal criterion for aquatic life (chronic). The
range of concentrations for selected sites is given in table
47. Because of the relatively small number of observations,
little interpretation is possible.

Transport estimates for nickel indicate that total
nickel yield at the North Fork Kentucky River at Jackson
(site 2.0) is elevated (table 48). This may be due to the
transport of sediment carrying nickel because total nickel
concentrations are highly correlated with suspended sedi-
ment at this site (table 46). Other headwater streams appear
to have much lower total nickel yields. No significant
long-term trends were determined for nickel concentrations
in the basin (table 49).
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Selenium, Silver, and Strontium

Selenium is an element, naturally occurring in soils
derived from sedimentary rocks. It is used in rectifiers, as a
semiconductor, and in xerography (U.S. Environmental Pro-
tection Agency, 1972). Selenium also occurs in the fly ash
from coal-fired power plants operating in Kentucky. Much
of this selenium is in the smallest fly ash particles, which
often elude capture by electrostatic precipitators (ReVelle
and ReVelle, 1984).

Selenium is a biologically essential element recog-
nized as a metabolic requirement in trace amounts for ani-
mals but toxic to them when ingested in amounts ranging
from about 0.1 to 10 mg/kg of food (U.S. Environmental
Protection Agency, 1976).

The Federal MCL and the Kentucky criterion for
domestic water-supply sources for selenium is 10 pg/L. In
the Kentucky River basin, the historical range of values for
dissolved selenium for 128 samples are from less than
detection limits to 18.0 pg/L. The range of values for total
selenium in 349 samples are from less than detection limits
to 16.0 pg/L. Fewer than 1 percent of these analyses exceed
the 10 pg/L criteria.

Selenium is seldom detected in surface water in the
Kentucky River basin. Because of the high frequency of
values less than the detection limit in the data set, transport
estimates were not possible. Long-term trend analysis did
not indicate any statistically significant increases or
decreases in concentrations (table 49).

Silver is used for various chemical and photographic
purposes, for jewelry, and in silver plating. It can be used as
a disinfectant for water; concentrations as low as 10 ug/L in
alkaline water are toxic to Escherichia coli bacteria. Silver
iodide has also been used in seeding clouds with condensa-
tion nuclei to induce rain or snowfall (Hem, 1985). Silver is
accumulated in aquatic vertebrates, especially in the gills
and internal organs of fish (U.S. Environmental Protection
Agency, 1976).

The Federal MCL for silver is 50 pg/L. The Federal
criterion for the protection of aquatic life (chronic) is set at
0.12 pg/L. In the Kentucky River basin, the range of values
from 348 historical samples for total silver are from less
than detection limits to 4.0 pg/L.. More than 50 percent of
the samples obtained in the basin during the 1976-86 water
years had total silver concentrations that exceeded the 0.12
pg/L criterion (table 51). Dissolved silver had a sirhilar
range. Silver concentrations in streambed material collected
during the NURE program were all less than the detection
limit of 2.0 pg/g.

A summary of concentrations of silver in water sam-
ples from selected sites in the basin during the 1976-86
water years is presented in table 47. As is evident from the
data, concentrations were well below the Federal MCL of
50 pg/L, but many exceeded the Federal aquatic life
(chronic) criterion of 0.12 pg/L (table 50).
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Transport estimates for total silver were possible only
for the Kentucky River at lock 2 (site 10.0) because of the
presence of censored values at the other sites. From 15
observations, a regression-based load for the 1983-85 water
years was estimated at 24 tons per year (or a yield of 0.004
tons per year per square mile). No statistically significant
long-term trends were determined for concentrations of sil-
ver during the 197686 assessment period (table 49).

Strontium is fairly common and is similar to calcium
in chemical structure. For these reasons, strontium may
replace calcium and potassium in igneous rocks in minor
amounts. The carbonate (strontianite) and sulfate (celesite)
forms are common in sedimentary rocks. Because strontium
concentrations in most natural water do not reach the solu-
bility limits for either strontianite or celesite, it is usually
not a water-quality factor (Hem, 1985).

Concentrations of dissolved strontium ranged from
36 to 470 pg/L for 34 stream samples collected in the Ken-
tucky River basin. Streambed material samples collected
during the NURE program had concentrations ranging from
7 to 339 pg/g of strontium. From 17 water samples collected
at the Kentucky River at lock 2 (site 10.0), the upper and
lower quartile values for dissolved strontium were 165 and
295 ug/L, respectively, and the median value was 230 ug/L.
Regression-based load estimates for water years 1983-85
indicated an annual transport rate of about 1,250 tons per
year of dissolved strontium. These samples also indicated a
statistically significant positive trend with an increase of 35
pg/L (13 percent) per year. However, flow-adjustment trend
procedures described no significant trend, indicating that
changes in strontium concentration over time were associ-
ated with flow change.

Vanadium and Zinc

Vanadium is used in the manufacture of vanadium
steel, and eighteen compounds of vanadium are used in
commercial processes. Little is known of the effects of
vanadium on aquatic organisms; however, it accumulates in
certain organs of animals (U.S. Environmental Protection
Agency, 1972).

Dissolved vanadium concentrations ranged from less
than detection limits to 67.0 pg/L in 37 samples from the
Kentucky River basin. Streambed material collected during
the NURE program was analyzed and indicated a range in
vanadium concentration of 7 to 320 pg/g. Only the Ken-
tucky River at lock 2 (site 10.0) had 10 or more vanadium
analyses during water years 1976-86, but no vanadium was
detected in any of these analyses. Because of the limited
data for vanadium, load estimates and trend analysis were
not possible.

Zinc is a fairly common element often associated
with lead in sedimentary rocks such as limestones. Zinc
tends to be substantially more soluble in natural water than
copper and nickel (Hem, 1985). High concentrations of zinc



in surface water may indicate the presence of industrial and
urban wastes from such sources as galvanized pipes and the
dumping of plating baths. Streams that drain areas with
mining activities may also contain zinc (U.S. Environmen-
tal Protection Agency, 1979).

The Kentucky warmwater aquatic habitat and the
Federal aquatic life (chronic) criterion for total zinc is 47
pg/L. The Federal SMCL is 5,000 pg/L. In the Kentucky
River basin, the range of concentrations of total zinc for the
historical-record data base were from less than the detection
limit to 465 ug/L for 786 samples. About 16 percent of total
zinc observations obtained in the basin during water years
1976-86 exceeded the 47 pg/L criterion (table 51). Dis-
solved zinc ranged from less than the detection limit to 604
pg/L in 609 samples. The NURE program streambed mate-
rial samples collected in the basin indicated a range of zinc
concentrations from 9 to 545 pg/g.

The 47 pg/L criterion was exceeded at the
90-percentile value for dissolved and total zinc concentra-
tions at nearly all sites in the basin for which 10 or more
samples were obtained during water years 1976-86 (table
47). Spatial variability in zinc concentrations was small.
Two water-quality criteria were exceeded for most sites
from the headwater site on the North Fork Kentucky River
at Jackson (site 2.0) to the farthest downstream site on the
Kentucky River at lock 2 (site 10.0) (table 50). Differences
in yield of dissolved zinc from one site to another could not
be verified, given the uncertainty in the estimation proce-
dure (table 48). Yields of total zinc were elevated at several
sites on the main stem of the Kentucky River and at South
Elkhorn Creek (site 9.3). Total zinc concentrations corre-
lated strongly with suspended sediment at the North Fork
Kentucky River at Jackson (site 2.0) (table 46). The rela-
tively large yield for total zinc at the Kentucky River at lock
2 (site 10.0) may result from different sampling techniques
(discussed previously in section on chromium) used at that
site. Based on point-source load estimates reported by Gian-
essi (1986), about 1 or 2 percent of the load of total zinc at
the Kentucky River at lock 2 (site 10.0) is attributable to
point sources in the basin.

Long-term trends in dissolved zinc were not deter-
mined to be highly significant for any site (table 49).
Decreasing trends in total zinc, however, were noted to be
statistically significant for two sites. An explanation for the
decreasing trend in flow-adjusted concentrations of total
zinc at South Elkhorn Creek near Midway (site 9.3) is not
known but improvements in wastewater treatment practices
may be a contributing factor.

Radionuclides

Radioactivity is the release of energy from decaying
atomic or nuclear structures and is biologically significant
because of its adverse effects on body tissues. The occur-

rence of nuclides, such as potassium-40 and rubidium-87,
account for much of the radiochemical properties of natural
water. Isotopes, such as strontium-90, resulting from the fis-
sion process of nuclear-energy production, may also con-
tribute to the radioactivity of water (Hem, 1985).

Three types of radiation are of principal interest in
natural-water chemistry. They are (1) alpha radiation, which
is caused by the release of a positively charged helium
nuclei from a decaying atom; (2) beta particles, which result
from discharged electrons and protons; and (3) gamma radi-
ation, which is due to the emission of electromagnetic
wave-type energy, similar to X-rays, during atomic degrada-
tion (Lippmann and Schlesinger, 1979). Isotopes of uranium
and thorium give rise to most of the radioactivity in water
with uranium-238 being the most significant. Each of these
isotopes decay in a series of steps producing several radio-
nuclide daughters, that are usually short lived, finally result-
ing in a stable isotope of lead. Radium and radon isotopes,
members of the uranium and thorium series, are strong
alpha-particle emitters. Beta and gamma radiation is charac-
teristic of some series members, especially potassium-40
and rubidium-87. The strongest beta and gamma emitters
are fission products such as strontium-90 (Hem, 1985).

To make comparison of samples possible, the radio-
activity of water is most often expressed in equivalent quan-
tities of radium, or in terms of radium's rate of decay,
usually in picocuries (pCi). For biologic purposes, the rad
(absorbed radiation dose) is the unit of measurement and is
based on the amount of energy absorbed by 1 g of tissue.
For sampling data, gross alpha or beta and gamma activity
is often reported and, when possible, the concentration of
specific nuclides is made available (Hem, 1985). The Fed-
eral MCL for gross alpha particle activity is 15 pCi/L. The
gross beta radioactivity level above which detailed evalua-
tion is recommended is 5O pCi/L (U.S. Environmental Pro-
tection Agency, 1972, p. 85).

Nearly all radiochemical data available in the Ken-
tucky River basin were obtained since 1976. Available data,
although limited in spatial and temporal coverage, indicate
that gross alpha particle activity is generally within the cri-
terion of 15 pCi/L (table 52, at end of paper). Available data
on beta particle activity are generally less than the 50 pCi/L
level.

Pesticides and Other Synthetic Organic
Compounds

Although production and use of synthetic organic
compounds in the United States has increased dramatically
over the past 50 years, the environmental effects of the com-
pounds are largely unknown. Many of these compounds are
persistent and can be transported by air, water, sediment,
and biota. Residues of some organic compounds have been
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Table 53. Average annual pollutant discharge estimates for
point and nonpoint sources in the Kentucky River basin
[Gianessi, 1986]

Pollutant discharge estimates, in tons per

year
Subbasin -
Petroleum hydro- POI!::EE)"_ Chlorinated
carbons biphenyls hydrocarbons
Point sources
Upper basin (North Fork) 2.827582 0.000000  0.000365
Upper basin (Middle Fork) 198177 .000000 .000036
Upper basin (South Fork) 1.170372 002628 .000237
Middle basin 1.968554 .000000 .000402
Lower basin 213.380770 901076 020550
Source total 219.545455 0.903704  0.021590
Nonpoint sources
Upper basin (North Fork) 0.000000 0.000000 1.418554
Upper basin (Middle Fork) .000000 .000000 233344
Upper basin (South Fork) .000000 .000000 2.799860
Middle basin .000000 .000000 16.453486
Lower basin 923.590434 .000000 415.285482
Source total 923.590434 0.000000 436.190726

Basin total 1,143.135889  0.903704 436.212316

observed even in such remote areas as Antarctica (Smith
and others, 1987).

The estimated amount of synthetic organic com-
pounds entering the surface water of the Kentucky River
basin has been organized by source (point and nonpoint), by
compound class (petroleum hydrocarbons, PCB's, and chlo-
rinated hydrocarbons), and by subbasin. As presented in
table 53, total petroleum hydrocarbons entering streams of
the Kentucky River basin (from point and nonpoint sources)
were estimated to be 1,143 tons per year by Gianessi
(1986). About 80 percent of this total was estimated to orig-
inate from nonpoint sources. These compounds occur in the
lower subbasin, where land use is primarily urban and agri-
cultural. Similarly, most of the PCB entering the streams of
the Kentucky River basin also occurs in the lower part of
the basin; however, all 0.9 tons per year were estimated to
originate from point sources. Virtually all of the estimated
436 tons annually of chlorinated hydrocarbons entering the
streams of the Kentucky River basin per year comes from
nonpoint sources, primarily in the lower basin. Agricultural
land use (agricultural chemical application) in this part of
the basin is a likely source.

Data for description of the occurrence of organic
compounds in streams of the Kentucky River basin gener-
ally are limited. Table 54 summarizes the historical-record
data collected by medium (water column, streambed mate-
rial, or fish tissue) and by organic compound class. The dis-
cussion is organized by general class of organic compound.
These include polychlorinated biphenyls, pesticides (insec-
ticides and herbicides), phenols, phthalate esters, and poly-
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Table 54. Number of samples analyzed for pesticides and
other synthetic organic compounds in the Kentucky River
basin, based on available data for water years 1976-86

Sample type

Compound class i
P Water  Bed material Fish

tissue

Polychlorinated biphenyls 1 18 32
Pesticides:

Organochlorine insecticides 2 30 6l

Organophosphorus insecticides 1 1

Herbicides 1 0 0
Phenols 2 31 47
Phthalate esters 3 0

cyclic aromatic hydrocarbons (Smith and others, 1987). A
statistical summary of concentrations of pesticides and
other synthetic organic compounds in the water, bottom sed-
iments, and biota in the Kentucky River basin is provided in
table 55 (at end of paper). Data for other classes of com-
pounds, including halogenated aliphatic and monocyclic
aromatic hydrocarbons and polychlorinated dibenzop-diox-
ins, were not available.

Polychlorinated Biphenyls

Polychlorinated biphenyls (PCB) are synthetically
produced compounds that are characterized by their chemi-
cal and thermal stability, toxicity, inertness, and dielectric
nature. Once in the environment, PCB compounds tend to
accumulate in living tissue, and concentrations increase in
organisms higher up the food chain (biological magnifica-
tion). In addition, because PCB compounds are characteris-
tically hydrophobic, they are highly persistent and can
remain sorbed with sediment and tissue for many years.
Because of environmental persistence and toxicity, PCB
compounds were first regulated under provisions of the
Toxic Substances Control Act of 1976, and their manufac-
ture was banned in 1979.

Only one analysis for PCB compounds in water was
made in the Kentucky River basin during water years 1976~
86. PCB compounds were not detected (table 55). This is
not surprising because of the hydrophobic nature of these
compounds. Of 18 streambed material samples analyzed
during this period, PCB compounds were detected in only
one sample (0.23 ug/kg). PCB compounds were detected in
4 of 32 fish tissue samples analyzed between 1976-86. Con-
centrations in fish tissue ranged from less than 0.10 to 0.81
ug/kg. The U.S. Food and Drug Administration (FDA) has
set a concentration limit of 2 pug/kg for PCB compounds in
edible fish fillets. The relatively few PCB analyses in the
Kentucky River basin are insufficient to develop conclu-
sions on the occurrence and distribution of PCB com-
pounds.



Pesticides

Pesticides are chemicals designed to control various
pests that damage agricultural and horticultural crops. These
compounds are typically classified by the types of pests that
are to be controlled and include insecticides, herbicides,
fungicides, and rodenticides. Pesticides enter natural water
through many routes, including runoff, direct application,
spills, and faulty waste disposal techniques. Movement by
erosion of soil particles with adsorbed pesticides is one of
the principal means of entry into surface water (U.S. Envi-
ronmental Protection Agency, 1972).

The use of organochlorine insecticides was initiated
with the discovery of DDT by Paul Muller in 1939. Orga-
nochlorine insecticides tend to accumulate in living organ-
isms and sediment, biomagnify, and are highly persistent.
For example, DDT has a half life of approximately 20 years.
Other organochlorine insecticides include lindane, chlor-
dane, heptachlor, aldrin, dieldrin, and toxaphene (Smith and
others, 1987).

Because of the hydrophobic nature of organochlorine
pesticides, most of the samples collected in the Kentucky
River basin for water years 1976-86 were in the form of
fish tissue and streambed material (table 55). As expected,
organochlorine pesticides were not detected in water sam-
ples. However, a number of streambed material and fish tis-
sue samples contained detectable concentrations of these
compounds (table 55). Maximum concentrations of selected
compounds in bottom deposits were 71 pg/kg for benzene
hexachloride (BHC), 30 pg/kg for chlordane, 30 pg/kg for
DDT, and 120 pg/kg for lindane. Chlordane (cis-isomer),
DDT (total), dieldrin, PP-DDD, and P,P-DDE were fre-
quently detected (in 25 percent or more of the samples) in
fish tissue. The maximum chlordane concentration detected
in fish tissue was 0.44 mg/kg (440 pg/kg), which exceeds
the FDA action level of 300 pg/kg in edible fish tissue. The
maximum BHC concentration detected in fish tissue was
400 pg/kg. While an FDA action level for BHC in fish tis-
sue does not exist, the action level in frog legs is 300 pg/kg.
The fact that organochlorine pesticides have been frequently
detected, sometimes in concentrations exceeding FDA
action levels, indicates the persistence of this compound
class. The existing data are insufficient for an adequate
assessment of the areal distribution.

The use of organophosphorus insecticides has
increased over the last 20 years because of their relatively
short environmental half-life and their effective replacement
of many persistent organochlorine insecticides. The short
persistence of these compounds is due primarily to their
rapid chemical and biological degradation, both in soil and
surface-water systems. These compounds, as a group, are
highly soluble in water and, thus, do not generally tend to
adsorb to sediment or bioaccumulate. However, aquatic
organisms with high lipid content and sediment with high
organic content may accumulate significant residues if

aqueous concentrations are high (Smith and others, 1987).
Only two samples were analyzed for organophosphorus
compounds in the Kentucky River basin during the 1976-86
time period—one water column sample and one streambed
material sample (table 55). Organophosphorus insecticides
were not detected in either of these two samples.

While there has been a decline in the use of insecti-
cides in recent years, there has been an increase in the use of
herbicides on crops in the United States (Gilliom and others,
1985). Most herbicides are characterized by high aqueous
solubilities and high vapor pressures. Based on these char-
acteristics, herbicides generally do not bioconcentrate, sorb
to sediments, or volatilize from solution to an appreciable
extent. Herbicides enter natural water primarily through sur-
face runoff. Consequently, herbicide concentrations in sur-
face water commonly are high if a heavy rain immediately
follows the application of the herbicide. Major herbicides
used in the United States include atrazine, dichlorophenoxy-
acetic acid (2,4-D), Paraquat, and Diquat (Smith and others,
1988).

In Kentucky, herbicides account for about 86 percent
of all pesticides applied (University of Kentucky, 1979).
Usage estimates, based on a 1982 agriculture census, indi-
cate that approximately 10 million pounds of herbicides are
applied annually to agricultural areas in the Kentucky River
basin (Gianessi, 1986). Atrazine (2.5 million pounds),
alachlor (1.5 million pounds), and butylate (1.4 million
pounds) account for more than half of the total herbicide
usage. Indicative of its aqueous solubility, it is estimated
that almost 2 percent of the atrazine applied (43,000 lbs) to
agricultural areas is contributed to runoff during rainfail or
snowmelt (Gianessi, 1986).

The compiled 197686 data base contained one water
sample from the Kentucky River basin that was analyzed
for herbicides. Silvex was not detected, but 2,4,5-T and
2,4-D were detected at concentrations of 0.03 and 0.04 ug/
L, respectively. The sample was not analyzed for other com-
monly applied herbicides such as atrazine, alachlor, and
butylate.

Phenols

Phenols are a class of organic compounds character-
ized by a benzene ring with one or more hydroxyl groups.
Phenolic compounds are formed as byproducts during the
production of pesticides, pharmaceuticals, plastics, and
explosives (Smith and others, 1988).

Phenols may enter surface-water systems directly
through wastewater discharges and indirectly as transforma-
tion products of other compounds. Having high aqueous
solubility in general, phenols can occur at relatively high
concentrations in natural water. Phenols are primarily
removed from the environment through biodegradation and
photolysis. Except for highly chlorinated compounds, most
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phenols do not tend to sorb to sediments or bioaccumulate
(Smith and others, 1988).

Table 55 summarizes the results of phenol analyses of
samples collected in the Kentucky River basin during water
years 1976~86. Although concentrations of most chlori-
nated phenols in streambed material and fish tissue were
less than detection limits, pentachlorophenol was detected
in two streambed material samples (maximum concentra-
tion, 180 ug/kg). Two water samples collected during this
period contained phenol concentrations of 3.0 pg/L. There
is no Federal criterion for phenols; however, the smallest
concentration affecting freshwater aquatic life (chronic) has
been reported to be 2,560 pg/L (U.S. Environmental Protec-
tion Agency, 1986a).

Phthalate Esters

Phthalate esters are compounds principally used in
association with polyvinyl chloride (PVC) plastics. The
manufacture of phthalates in the United States has increased
dramatically during the last 25 years. As a result of their
large scale production, phthalates are frequently identified
as contaminants in the water, sediment, and biota of
surface-water systems (Smith and others, 1988).

The environmental fate of phthalates is not well docu-
mented, but biodegradation, sorption, and bioaccumulation
seem to be important fate-determining processes. As a result
of their low solubilities, some phthalates partition into the
lipid reservoirs of aquatic organisms and organic matter in
streambed material. Nonbiological hydrolysis, volatiliza-
tion, and photolysis do not seem to be significant
fate-determining processes for phthalates (Smith and others,
1988).

Phthalates do not seem to be highly toxic to living
organisms over the short term, even in large doses. How-
ever, it is not known how small doses over a long period
would affect living organisms. Some experiments have
shown that phthalates interfere with reproduction in aquatic
organisms (ReVelle and ReVelle, 1984).

Table 55 summarizes the limited phthalate ester sam-
ple data collected in the Kentucky River basin during water
years 1976~86. Maximum aqueous phthalate concentrations
ranged from less than 1.0 to 5.0 pg/L. There is no Federal
criterion for phthalate esters; however, the smallest concen-
tration observed to cause an effect on freshwater aquatic life
(chronic) has been reported as 9 pg/L.. No data exists from
streambed material or fish tissue samples. The limited data
base prevents adequate determinations of occurrence and
distribution.

Polycyclic Aromatic Hydrocarbons

The polycyclic aromatic hydrocarbons (PAH) are a
group of environmentally important compounds that are
characterized by two or more fused-ring compounds based
on benzene. PAH compounds originate from both natural
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and human induced sources. Commercially produced PAH
compounds include naphthalene, pesticides, dyes, solvents,
and lubricants (Smith and others, 1988).

PAH compounds are persistent surface-water contam-
inants and, based on their low solubility, they partition from
the water into biota, particulate and dissolved organic mat-
ter, and sediments. These compounds are known to accumu-
late in the lipid reservoirs of aquatic organisms (Smith and
others, 1988). PAH compounds may enter natural water in a
variety of ways, such as atmospheric deposition, surface
runoff and soil leaching, industrial discharges, and munici-
pal wastewater effluents (Smith and others, 1988).

Only one PAH analysis was noted in the 1976-86
data base for the Kentucky River basin. This analysis was
for total polychloral naphthalene and none was detected.

Fecal Indicator Bacteria

Fecal coliform bacteria, which are part of the total
coliform group, are restricted to the intestinal tract of warm-
blooded animals and are commonly used as indicators of
fecal contamination in water. Pollution of aquatic systems
by the excreta of warmblooded animals may result in health
problems for man and animals and potential disease prob-
lems for aquatic life.

Areal fecal coliform data coverage is very limited in
the Kentucky River basin. Median concentrations did not
exceed 2,000 colonies per 100 mL at any of the selected
sites in the basin (table 56). However, some high fecal
coliform concentrations were detected in the North Fork
Kentucky River at Jackson (site 2.0), immediately upstream
of the municipal-wastewater discharge (fig. 53). Data from
the main stem of the Kentucky River indicate that fecal
coliform concentrations decrease downstream of the North
Fork basin, but then increase again in the lower, more popu-
lated part of the study area (fig. 54).

The seasonal patterns of fecal coliform concentrations
from sites in the upper basin differ greatly from the seasonal
patterns from sites in the lower basin. In the upper basin, the
largest fecal coliform concentrations generally occur during
the summer low-flow period. However, in the lower basin,
the largest fecal coliform concentrations occur in the winter
during medium to high-flow periods. These patterns indi-
cate that the principal sources of fecal coliform bacteria in
the upper basin are point-source discharges, including efflu-
ent from municipal wastewater treatment facilities. How-
ever, the principal sources of fecal contamination in the
lower basin are nonpoint sources, such as agricultural and
urban runoff.

Kentucky's domestic water-supply criterion for fecal
coliform bacteria is a maximum of 2,000 colonies per 100
mL of water. Of the fecal coliform observations obtained
throughout the basin during water years 197686 5-14 per-
cent exceeded the criterion (table 57). Colony counts
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Figure 54. Statistical summary of fecal coliform bacteria counts at sites along the Kentucky River, based on
available data for water years 1976-86.

most tolerant species of aquatic biota in localized areas  some of these species were probably represented by relic
(Dyer, 1982). shells. Habitat for mussels has likely been reduced in the
Biological data for the North Fork Kentucky River ~ North Fork because of "drastic environmental changes that
are presented in Jones (1973), Prather (1985), and Kentucky ~ have occurred in the past 50 to 75 years” (Williams, 1975).
Natural Resources and Environmental Protection Cabinet Carr Fork, which begins in Knott County, is
(1986). Williams (1975) identified nine species of freshwa- impounded by Carr Fork Reservoir and then flows south-
ter mussels in the North Fork Kentucky River although  westerly before joining the North Fork Kentucky River.
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Tabie 58. Number of fecal indicator bacteria measurements made at selected sites in the Kentucky River basin and
percentage not meeting indicated water-quality criteria, based on available data for water years 1976-86

[Kentucky criteria: KYDWS, domestic water supply; KYRP, recreational water—primary contact; KYRS, recreational water—secondary contact]

Percentage not meeting indicated

Site USGS station name Number of criteria
number measurements
KYDWS KYRP KYRS
Coliform, fecal, membrane filtered, M-FC medium at 44.5 degrees Celsius
2.0 North Fork Kentucky River at Jackson 26 35 92 58
23 Middle Fork Kentucky River at Tallega 25 4 24 8
2.6 South Fork Kentucky River at Booneville 25 40 12
3.0 Kentucky River at Lock 14, at Heidelberg 61 3 49 15
3.1 Red River near Hazel Green 59 7 66 15
5.0 Kentucky River at Camp Nelson 62 6 23 6
7.0 Kentucky River above Frankfort 64 22 3
9.0 Kentucky River below Frankfort 61 2 36 8
93 South Elkhorn Creek near Midway 26 8 73 15
10.0 Kentucky River at Lock 2, at Lockport 12 17 75 25
10.1 Eagle Creek at Glencoe 68 2 29 10
Coliform, fecal, 0.7 micrometer membrane filtered
10.0 Kentucky River at Lock 2, at Lockport 80 11 50 28
Streptococci, fecal, membrane filtered, KF agar
10.0 Kentucky River at Lock 2, at Lockport 76 16 47 20

Carr Fork Reservoir is considered a eutrophic reservoir
(Kentucky Natural Resources and Environmental Protection
Cabinet, 1986) and is undergoing accelerated sedimentation
(U.S. Army Corps of Engineers, 1986). Recreational uses
are impaired because of water turbidity (Kentucky Natural
Resources and Environmental Protection Cabinet, 1984b).
Extensive mining by strip, auger, and deep methods has
occurred in the Carr Fork drainage.

The primary effect on aquatic biota of Carr Fork
seems to be loss of habitat caused by sediments transported
from mined lands (Jones, 1973). Data collected by the Ken-
tucky Nature Preserves Commission in 1978 indicated lim-
ited algal flora and a limited number of benthic invertebrate
species compared to undisturbed drainages (Harker and oth-
ers, 1979). Unpublished macroinvertebrate data for Carr
Fork upstream from Carr Fork Lake, Trace Fork, Defeated
Creek, and the Carr Fork Lake tailwater region are available
from the U.S. Army Corps of Engineers, Louisville District.

Buckhorn Creek has historically been affected by
mining; however, it seems to be one of the largest relatively
healthy aquatic systems in the North Fork Kentucky River
drainage. Numerous species of algae and benthic inverte-
brates were collected during previous investigations. In
Buckhorn Creek, 42 species of fish have been identified
(Kuehne, 1962a, 1962b; Lotrich, 1973, Harker and others,
1979). Intensive macroinvertebrate investigations were con-
ducted by Phillippi (1984).

Buckhorn Creek, including Clemons Fork and Coles
Fork, was recommended as an Outstanding Resource Water
by the Kentucky Nature Preserves Commission (Hannan
and others, 1982). Considering the amount of land distur-
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bance in the North Fork Kentucky River basin, the Buck-
horn Creek drainage is an important source for faunal
recolonization of Troublesome Creek and other river sys-
tems downstream.

Descriptions of pristine conditions of Troublesome
Creek in the 1890's are reported by Woolman (1892). These
accounts are in sharp contrast to conditions observed in the
1980's. Extensive contour and deep mining in the drainage
basin, a mountain top removal project, and sewage effluents
from the city of Hindman have severely degraded the
aquatic resources of Troublesome Creek (Harker and others,
1979; Miller and others, 1975). Aquatic communities were
usually moderately diverse, but low total numbers indicate
unsuitable water quality or limited habitat.

The Quicksand Creek drainage, with the exception of
Laurel Fork, has been affected by sedimentation from min-
ing operations for a number of years (Jones, 1973; Miller
and others, 1975). Investigations of aquatic biota in Laurel
Fork during 1978 indicated the presence of diverse and pro-
ductive biotic communities associated with good water
quality and habitat diversity. Benthic algal communities
were moderately diverse (Harker and others, 1979). Numer-
ous species of invertebrates and fish, some of which are
considered intolerant of pollution, were collected from Lau-
rel Fork.

Middie Fork Kentucky River

Streams that make up the Middle Fork Kentucky
River basin compose the smallest subbasin in the Kentucky
River system. Primary land use practices in the steep terrain



of the Cumberland Plateau include coal mining, oil and gas
production, silviculture, and a limited amount of agricul-
ture. One major impoundment, Buckhorn Lake, a
mesotrophic reservoir (Kentucky Natural Resources and
Environmental Protection Cabinet, 1986), is on the Middle
Fork Kentucky River. Built in 1961, the lake occupies
approximately 1,200 acres and is operated by the U.S. Army
Corps of Engineers primarily as a flood control reservoir
(Prather, 1985). Algal blooms have been observed in the
headwater area of Buckhorn Lake as a probable result of
nutrient loads discharged into the Middle Fork Kentucky
River from the city of Hyden wastewater treatment plant
(Kentucky Natural Resources and Environmental Protection
Cabinet, 1984a). The Middle Fork Kentucky River down-
stream from Buckhorn Lake benefits from low-flow aug-
mentation and reduced sediment loads. Turner (1967)
conducted a survey of conditions of the Middle Fork before
and after the dam was constructed. Unpublished macroin-
vertebrate data for the Middle Fork Kentucky River at three
sites upstream from Buckhorn Lake and from the tailwater
area are available from the U.S. Army Corps of Engineers,
Louisville District. Fisheries data for the Middle Fork Ken-
tucky River are presented in Prather (1985).

Water quality and fishing in Greasy Creek, a
fourth-order tributary to the Middle Fork, was reported as
excellent by Jones (1973). A study conducted by Kentucky
Nature Preserves Commission in 1978 indicated Greasy
Creek still supported numerous species of benthic inverte-
brates and a diverse fishery although conditions had
degraded because of mining (Harker and others, 1979).
Greasy Creek is an important source for faunal recoloniza-
tion of downstream areas adversely affected by land use
activities. Greasy Creek was identified as a potential Out-
standing Resource Water, providing habitat for muskellunge
spawning and a smallmouth and rock bass habitat and fish-
ery (Hannan and others, 1982).

Cutshin Creek is the largest tributary of the Middle
Fork. More than 30 percent of the basin had been surface
mined by 1969, resulting in acid-mine drainage and large
sediment loads. Aquatic communities were reported as
diverse, but were dominated by taxa which can withstand a
wide range of environmental conditions (Harker and others,
1979). Cutshin Creek has been subject to recurring fish kills
from oil drilling and mining operations initiated during the
early to mid-1980's (Kentucky Natural Resources and Envi-
ronmental Protection Cabinet, 1986).

Squabble Creek is affected by abandoned strip mine
drainage and discharges from two small sewage treatment
plants. Biological investigations in Squabble Creek indi-
cated environmental stresses caused by poor water quality
or reduced habitat (Harker and others, 1979). Because of its
location, this stream can be an important source of aquatic
flora and fauna to the Middle Fork downstream of Buck-
horn Lake.

South Fork Kentucky River

The South Fork Kentucky River basin lies in the East-
ern Coal Field region, as do the North and Middle Fork
basins. Land use practices are similar to those in other areas
in the region, with coal mining and oil and gas production as
the primary industries. The South Fork Kentucky River
begins with the confluence of the Red Bird River and Goose
Creek at Oneida. It then flows north for approximately 40
mi to join the Kentucky River at Beattyville.

Water-quality and biological data were collected at
two sites on the South Fork by the Kentucky Department of
Fish and Wildlife Resources in 1982 (Jones and Stephens,
1984). Invertebrate-taxa richness and diversity consistently
decreased with distance from the headwater reaches to the
mouth of the South Fork, indicating a compounding of envi-
ronmental effects as tributaries with degraded water quality
and large sediment loads joined the South Fork. Summer
macroinvertebrate samples were dominated by common,
more pollution-tolerant species. In another study, phy-
toplankton diversity and taxa richness increased from
upstream to downstream sampling sites (Metzmeier, 1987),
possibly because of increased habitat diversity. The South
Fork Kentucky River at Booneville (site 2.6) is sampled
routinely by the KDOW (Kentucky Natural Resources and
Environmental Protection Cabinet, 1986). Fish of the South
Fork Kentucky River are described by Branson and Batch
(1983).

Because the South Fork Kentucky River downstream
of the confluence of Goose Creek and Red Bird River (at
Oneida) still provides some muskellunge habitat, this sec-
tion to the mouth was recommended as an Outstanding
Resource Water by the Kentucky Nature Preserves Com-
mission (Hannan and others, 1982).

Goose Creek is a moderate gradient, fourth-order
stream. The upper reaches of Goose Creek have water qual-
ity suitable to support diverse aquatic communities. Major
tributaries include Collins Fork and Little Goose Creek. The
lower half of Goose Creek is affected by acid-mine drainage
and sediment from Horse Creek and Little Goose Creek
(Harker and others, 1979).

Mine drainage in the past severely affected the fish of
lower Goose Creek (Turner, 1958). Several fish kills attrib-
utable to coal-mining discharges occurred at Goose Creek
during the period 1969-73, and pH values ranged from 4.2
to 5.1 over much of the stream's length during 1969
(Brewer, 1980). Water-quality conditions seem to have
improved in the basin; however, the effects of siltation are
still apparent.

The Goose Creek drainage is an important stream in
the South Fork Kentucky River system. It provides a source
of organisms for recolonization of invertebrate communities
and is some of the last muskellunge habitat in the basin.
Goose Creek and Collins Fork were identified as Sport
Fishery Resources by the Kentucky Department of Fish and
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Wildlife Resources and consequently were recommended as
an Outstanding Resource Water (Hannan and others, 1982).

The Red Bird River is the largest tributary of the
South Fork Kentucky River, draining the area east of the
Goose Creek drainage upstream of their confluence. Biolog-
ical investigations indicated some effects from sediment in
the headwater area of Red Bird River, but the biological
quality improved in downstream reaches. Metzmeier (1987)
reported low phytoplankton chlorophyll a concentrations
which were typical for small eastern Kentucky streams.
Fewer sensitive species were observed at headwater sites
than at sites in the lower reaches of Red Bird River. During
the early 1970's, the stream was reported to be affected by
silt from strip mines in the headwater area (Jones, 1973).

Jones and Stephens (1984) documented 44 macroin-
vertebrate taxa. High macroinvertebrate density was noted,
particularly during the summer. All major insect groups
were represented. The Red Bird River provides some habi-
tat for muskellunge; however, it had the lowest catch rate of
the five streams supporting muskellunge in the South Fork
Kentucky drainage (Jones and Stephens, 1984). This
stream, from the confluence with Sugar Creek to the mouth,
was designated as a Sport Fishery Resource and recom-
mended as an Outstanding Resource Water (Hannan and
others, 1982).

Although fish populations were said to be adversely
affected by acid-mine drainage during the early 1970's
(Jones, 1973; Brewer, 1980), water quality and habitat
availability of Sexton Creek seem to have improved during
the past 10 years. In 1982, Jones and Stephens (1984) col-
lected 42 macroinvertebrate taxa from Sexton Creek. Sam-
ples collected during spring were high in diversity but
contained relatively few individuals. The opposite was true
during summer when samples contained large numbers of
common taxa. At least in lower reaches, the effects of min-
ing on stream quality have been reduced since 1982 because
Sexton Creek was reported to have one of the highest densi-
ties of muskellunge of all South Fork Kentucky River
streams (Jones and Stephens, 1984). Because of valuable
habitat for muskellunge and golden redhorse, Sexton Creek
was recommended as an Outstanding Resource Water (Han-
nan and others, 1982).

In 1978, Harker and others (1979) identified 78
benthic-algal species from Buck Creek. Diatom diversity
was moderately low because of the dominance of Achnan-
thes minutissima, which is a common characteristic of many
eastern Kentucky streams. Many taxa that are associated
with sediments were present but not particularly abundant,
indicating some land-disturbance effects. The macroinverte-
brate community was represented by all major insect
groups. Fish collections were considered typical for eastern
Kentucky streams (Harker and others, 1979).
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Kentucky River from Beattyville to Red River Confluence

The Kentucky River extending from the confluence
of the North, Middle, and South Forks of the river to the
confluence with the Red River includes navigational pools
14 through 11 and is a seventh-order river. Land use effects
on aquatic communities relate primarily to brines from oil
and gas operations and sedimentation from mining. Effects
of nonpoint sources of agricultural chemicals on biological
communities are more apparent in this region than in the
steeper terrain of the Eastern Coal Field because of
increased farming of wider flood plains. Sewage effluents
from the major urban centers also tend to have more detri-
mental effects on the biological communities in this area
because of less natural aeration, which is due to the depth of
water and the low velocity of streamflow in the pools
behind the locks and dams.

Biological communities of the Kentucky River at
lock 14 (site 3.0) have been routinely sampled by the
KDOW since 1978. Blue-green algal blooms were reported
upstream from lock 14 and attached algal biomass and
standing crop were elevated. This was partially attributed to
wastewater effluent discharges at Beattyville and the
impounded nature of the river (Kentucky Natural Resources
and Environmental Protection Cabinet, Division of Water,
1986).

Macroinvertebrate communities (on artificial sub-
strata) have remained relatively consistent since the late
1970's. Habitat restrictions have apparently limited the
invertebrate community to a greater extent than have poor .
water-quality conditions (Kentucky Natural Resources and
Environmental Protection Cabinet, 1986). While the river
has historically supported viable mussel populations (Dang-
lade, 1922), no mussel beds were observed in the lock 14
pool by Williams (1975).

The fish species at the lock 14 pool are typical of a
large river (Kentucky Natural Resources and Environmental
Protection Cabinet, 1982); the pool supports a sport fishery
as well as a limited commercial fishery. Williams (1975)
reported 13 fish species and 27 species were collected by
Jones (1973) at 2 sites in the lock 14 pool.

Sturgeon Creek, which joins the Kentucky River
immediately downstream from lock 14, supported a diverse
flora and fauna during 1978 (Harker and others, 1979).
Although the total number of algal species observed was
relatively low (44 taxa), sensitive diatom species were
present in sufficient numbers to indicate a healthy aquatic
environment. In addition, 41 taxa of benthic macroinverte-
brates were collected, including sensitive taxa commonly
observed in small, cool woodland streams. Kornman (1985)
reported 36 macroinvertebrate taxa from Sturgeon Creek.

Biological studies were conducted by KDOW in the
Ross Creek and Millers Creek basins during the early 1980's
as a result of environmental concerns regarding brine dis-
charges from oil and gas operations. Most streams surveyed



were moderately to severely affected by brines from oil and
gas operations. Chloride concentrations in the upper reaches
generally exceeded 2,000 mg/L. Biological samples from
most sites sampled in these stream systems contained only a
few individuals of very tolerant species (Logan, Call, and
others, 1983; Logan and others, 1989).

No fish fauna were observed in Buck Creek, and
reduced numbers of fish taxa and individuals were noted in
Ross Creek downstream of Buck Lick Creek (Logan, Call,
and others, 1983).

Station Camp Creek is considered one of the largest,
high-quality watersheds in the Kentucky River system and
was recommended as an Outstanding Resource Water by
Kentucky Nature Preserves Commission (Hannan and oth-
ers, 1982). Macroinvertebrate collections from Station
Camp Creek contained all major groups of insects, mol-
lusks, and crustaceans. Kornman (1985) collected 69 taxa,
including a diverse population of mayflies, indicating abun-
dant habitat and good water-quality conditions at the time of
sampling. The Kentucky Department of Fish and Wildlife
Resources identified 44 species of fish, bringing the total of
known fish fauna in the drainage to at least 55 species
(Carter, 1970; Branson and Batch, 1974; Kornman, 1985;
and Mills, 1988). The KDOW sampled two sites on Station
Camp Creek during 1984 (Logan and others, 1989).

The Red River System drains much of the area of the
middle basin east of the Kentucky River. Major tributaries
include the Middle and South Forks of the Red River, Swift
Camp Creek, and Lulbegrud Creek. The upstream segment
of the Red River has been designated as a Kentucky Wild
River in accordance with State statutes (Miller and others,
1980). The remaining sections provide habitat for muskel-
lunge and were recommended as an Outstanding Resource
Water (Hannan and others, 1982). Streams in this basin have
been the subject of numerous biological investigations
because of their unique aquatic environments (Kuehne,
1962a; Branson, 1970; Carter, 1970; Branson and Batch,
1974, 1982; Harker and others, 1979; and Houp, 1980).
Hannan and others (1982) presented additional references
on the Red River system.

Water-quality conditions in this part of the Kentucky
River basin range from high-quality water and diverse bio-
logical communities of Swift Camp Creek, Lulbegrud
Creek, and upstream reaches of the Red River to severely
brine- and sediment-laden reaches of the Middle and South
Forks of the Red River. The upstream segment of the Red
River, which includes the Kentucky Wild River segment,
has long been considered one of the highest quality streams
in the Kentucky River system. However, investigations by
the KDOW indicate that land disturbance in the basin is
threatening the integrity of this section of the Red River
drainage. Several species of freshwater mussels have
already been eliminated from the Wild River segment
caused by sedimentation of available habitat. Biological and
water-quality investigations of the Middle and South Forks

of the Red River indicate severe effects associated with oil
and gas production, as well as coal mining. Macroinverte-
brate communities are dominated by tolerant Dipterans
while algal communities are dominated by halophilic (asso-
ciated with brines) and epipelic (associated with sediments)
species. Severely affected streams are either devoid of fish
or support only tolerant species.

Kentucky River from Red River to the Ohio River

The Kentucky River basin from the Red River to the
mouth at the Ohio River covers approximately 3,200 mi2.
Primary effects of land use on aquatic biota in this part of
the basin are related to sediment from agricultural sources
and nutrient enrichment from wastewater treatment plant
effluents. Sewage discharges from large population centers
combined with the slow-moving, deep-water conditions in
the lock systems have resulted in accelerated eutrophication
in some river segments.

Freshwater-mussel investigations conducted during
the late 1960's showed that commercially valuable mussel
beds were limited to the lock 3, 5, and 8 pools. Most pools
sampled contained from 10 to 15 mussel species; however,
fewer species were reported from the lock 2 and 6 pools
(Williams, 1975).

Fisheries data for the Kentucky River were reported
by Williams (1975) and Kentucky Natural Resources and
Environmental Protection Cabinet (1986). Although Will-
iams reported from 17 to 22 fish species in the lock 5
through 10 pools, fewer species were observed in the lock 1
through 4 pools. Fish bioassay studies indicated acute toxic-
ity at two KDOW sampling sites during 1986 and 1987.
Annual investigations conducted by KDOW since the early
1980's indicate relatively stable environmental conditions in
the Kentucky River between Camp Nelson (site 5.0) and
Frankfort (site 8.0).

The species composition of phytoplankton communi-
ties in the pools upstream of locks 2, 3, 4, and 7 of the Ken-
tucky River seem to be similar. Dominant phytoplankton
species during summer, low-flow conditions generally were
centric diatoms and other taxa indicative of eutrophication.
Periodic algal blooms have occurred in various reaches of
the Kentucky River during low-flow conditions.

Silver Creek was once a good sport fishery for black
and rock bass (Jones, 1973). However, chronic pollution
from the discharge of treated domestic wastewater and
nutrient enrichment from agricultural runoff has diminished
its quality. Water-quality violations were observed by the
KDOW in 1982 for undissociated hydrogen sulfide, phtha-
late esters, aluminum, mercury, and fecal coliform bacteria
(Logan and others, 1984). Habitats for aquatic organisms in
Silver Creek were reported to be abundant, although dense
growths of filamentous algae, likely indicative of high nutri-
ent levels, were present at all sampling sites (Logan and oth-
ers, 1984). The algal community was dominated by taxa
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associated with nutrient enrichment and high tolerance to a
wide variety of water-quality conditions. Macroinvertebrate
communities were diverse, although localized phosphorus
concentrations were elevated downstream of domestic
wastewater effluents.

Jessamine Creek was classified as an Outstanding
Resource Water because of the presence of three species of
bats (Myotis grisescens, Myotis sodalis, and Myotis keenir)
that inhabit the gorge (Hannan and others, 1982). The first
two species are recognized as endangered at the Federal
level, and M. keenii is listed as being of special concern
within Kentucky (Warren and others, 1986). Myotis grise-
scens relies on aquatic insect emergence for food, conse-
quently any degradation of water quality in Jessamine
Creek could affect their survival (Hannan and others, 1982).

Jessamine Creek and Town Fork were reported to be
degraded by effluents from wastewater treatment plants
serving Wilmore and Nicholasville (Miller and others,
1975). Bioassay studies conducted by the KDOW indicated
acute toxicity to fathead minnows in the Nicholasville and
Wilmore sewage effluents in Town Fork downstream from
the Wilmore wastewater treatment plant. Limited biological
data are also presented in MacGregor (1973), Howell
(1975), and Houp (1981).

The Dix River drains a large part of the Outer Blue-
grass region. The lower part of the Dix River is impounded,
forming Herrington Lake, a eutrophic reservoir (Kentucky
Natural Resources and Environmental Protection Cabinet,
1984a). Algal assays indicated that Herrington Lake was
phosphorous limited (Kentucky Natural Resources and
Environmental Protection Cabinet, 1984a). The Herrington
Lake dam probably mitigates the effects of nonpoint-source
(agricultural) sedimentation and nutrient enrichment in the
Dix River basin. Hypolimnetic water released from Her-
rington Lake during summer results in downstream reaches
of the Dix River being cooler and less turbid than other
major tributaries of the Kentucky River. The Dix River was
identified as an important sport fishery resource by Ken-
tucky Department of Fish and Wildlife Resources and was
recommended as an Outstanding Resource Water by Han-
nan and others (1982). The fish and gastropods of the Dix
River were described by Branson and Batch (1981la,
1981b).

The upper parts of the Dix River system (Dix River
and Copper Creek) are affected by nonpoint-source agricul-
tural activities. Aquatic biological communities are domi-
nated by taxa that tolerate a wide range of water-quality
conditions. Few sensitive species have been collected. Fish-
eries investigations of Hanging Fork during the early 1970's
indicated the presence of more sensitive species than were
observed in upstream reaches of the Dix River system.
Downstream parts of the system (Clarks Run) were
adversely affected by point-source discharges from Dan-
ville. Acute toxicity to fathead minnows was documented in
1986 and 1987, with particularly low survival in the sum-
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mer of 1987 (Kentucky Division of Water, written com-
mun., 1988).

Elkhorn Creek is a major tributary of the Kentucky
River system and has been the subject of numerous
water-quality investigations. North Elkhorn Creek is
affected by agriculture and wastewater discharges from
Georgetown; however, biological data collected from the
mid-1960's through the 1970's indicated diverse and pro-
ductive aquatic communities. North Elkhorn Creek was rec-
ommended as an Outstanding Resource Water because of
the occurrence of two sensitive freshwater mussel species.
Data collected in 1968 by the Kentucky Department of Fish
and Wildlife Resources indicated good water quality and a
stable biological environment; however, some industrial and
domestic sewage discharges to the stream were noted (Laf-
lin, 1970).

In contrast, South Elkhorn Creek has been adversely
affected by point-source discharges and urban runoff for
many years (Laflin, 1970; Jones, 1973; Hannan and others,
1982; Kentucky Natural Resources and Environmental Pro-
tection Cabinet, 1986; and Miller and others, 1975). Bioas-
say investigations indicated acute and chronic toxicity
which limited aquatic communities to tolerant organisms
downstream from the Lexington wastewater treatment plant
effluent (Logan, Beck, and others, 1983; Kentucky Natural
Resources and Environmental Protection Cabinet, 1986).
Limited stream recovery was apparent in downstream
reaches of South Elkhorn Creek near its confluence with
North Elkhorn Creek.

Eagle Creek is the last major tributary to join the
Kentucky River before the river discharges into the Ohio
River. Eagle Creek seems to be of high quality and is not
significantly affected by wastewater effluents and agricul-
tural runoff in the basin (Horseman and Branson, 1973;
Kentucky Natural Resources and Environmental Protection
Cabinet, 1986). Investigations on Eagle Creek near Glencoe
(site 10.1) indicated the presence of diverse, productive
aquatic communities (Kentucky Natural Resources and
Environmental Protection Cabinet, 1986). Eagle Creek was
recommended as an Outstanding Resource Water (Hannan
and others, 1982).

LIMITATIONS OF AVAILABLE SURFACE-WATER-
QUALITY DATA

The most extensive water-quality data collection pro-
gram for surface water in the Kentucky River basin is the
KDOW ambient monitoring program. In the ambient moni-
toring program, data collection is targeted on water-quality
constituents and properties for which current water-quality
criteria exist. Samples are not analyzed for all constituents
and properties of current scientific interest because of fund-
ing limitations and the necessity of sampling on a Statewide
basis. Statistical descriptions of concentrations and time



trends in concentrations are possible with the data from this
program. The data collected by Kentucky, however, are not
as useful for estimating transport of constituents associated
with suspended sediment because samples are not collected
using cross sectionally integrated techniques and no special
effort is made to collect samples under high-flow condi-
tions. Much of the transport of constituents (especially those
associated with suspended sediment) occurs during periods
of extreme high flow. For example, Walling and Webb
(1981) estimated that 83 percent of the suspended sediment
was transported in the streams they studied during 1 percent
of their study period. Because sediment concentrations gen-
erally increase with depth during high-flow periods, a
surface-grab sample may be biased and result in a lower
concentration of sediment-related constituents than a sam-
ple taken which represents the entire vertical dimension of
the cross section. This is particularly true if much of the
constituent is transported by larger size sediment—such as
silt- or sand-sized fractions. Additionally, water-quality
conditions can vary markedly in the lateral dimension of the
stream cross section because of incomplete mixing and vari-
ation in suspended-sediment carrying ability. Some varia-
tion in the historical-record data for copper, chromium, iron,
manganese, zinc and other constituents (totals) associated
with suspended sediment has been observed between sites
using surface-grab sampling and those using depth-inte-
grated sampling, indicating sampling-method bias.

To illustrate this point, comparison of the surface-
grab and cross-sectionally depth-integrated sampling tech-
niques can be made from the data collected on the main
stem of the Kentucky River at Frankfort and at lock 2.
Based on the transport estimates and, to a lesser degree, the
descriptive summaries of concentrations, there is little dif-
ference between yields of the dissolved forms of the constit-
uents noted in the above paragraph between the Frankfort
sites (sites 7.0 and 9.0) and lock 2 (site 10.0). However, a
sharp increase in yield and load is seen for the total forms of
these constituents between these sites. Because the Frank-
fort sites were sampled using a surface-grab technique and
the lock 2 site was sampled using a cross-sectionaily inte-
grated (representative) technique, one possible explanation
may be a sampling bias as explained above.

Because some of the sites and constituents sampled as
part of Kentucky's ambient monitoring program or the
USGS NASQAN program were recently added to the net-
works, long-term trend detection was not always possible
unless the trend had a large magnitude or little random scat-
ter. Constituents falling in this category were aluminum,
arsenic, barium, beryllium, cadmium, chromium, cobalt,
iron, lead, manganese, mercury, nickel, molybdenum, sele-
nium, silver, strontium, thallium, vanadium, zinc, and fecal
coliform. Although several of these constituents did have
detectable trends for some sites, more (or fewer) trends may
have been detected if additional data were available. Con-
stituents that are of interest in the NAWQA program, for

Table 60. Evaluation of available water-quality data for the
Kentucky River basin for various types of assessment

[5, excellent; 4, good; 3, fair; 2, poor; 1, very poor; 0, none; NA, not appli-
cable]

Rating of available water-quality data for indi-
cated assessment type

Data type Occurrence Distribution Transport
Spatial  Temporal

Streamflow NA 5 5 NA
Temperature 5 4 4 NA
pH, alkalinity, and acidity 5 4 4 3
Major cations and anions 4 3 3 3
Suspended sediment 4 3 3 2
Nutrients 3 3 3 2
Oxygen 3 2 2 NA
Major metals and trace 3 3 2 2

elements
Radionuclides 2 1 0 0
Organic carbon 3 3 2
Pesticides and other synthetic 1 0 0 0

organic compounds
Fecal indicator bacteria 3 2 2 NA
Aquatic biological community 2 2 0 NA

which essentially no data exists in the Kentucky River
basin, include antimony, bromide, and boron.

A lack of sites immediately downstream of oil and
gas producing areas of the basin prevented an adequate
assessment of possible effects of brine discharges to
surface-water quality. Sites on smaller drainages with more
homogeneous land uses and related effects on water quality
are also lacking. If such data were available, more specific
water-quality, cause-and-effect relations within the basin
could have been found.

Biological data collection within the basin has been
quite limited in terms of spatial coverage. While very useful
for assessing conditions on specific reaches, more data
would be needed for more complete biological assessment
of the basin.

Physical properties and concentrations of some major
inorganic constituents were analyzed for most water sam-
ples collected in the basin. Concentrations of trace ele-
ments, major metals, and nutrients were analyzed less
frequently. Concentrations of organic substances, radio-
chemical constituents, and bacteria were rarely determined
for samples collected from the basin. Specific organic com-
pounds, such as a specific pesticide, were analyzed in only a
few samples collected within the basin.

A subjective evaluation of the data from the
historical- and current-record periods for various assess-
ment purposes is given in table 60. The existing water-
quality information for the basin is adequate for making a
generalized assessment of some common water-quality
properties and constituents of interest, such as temperature,
pH, alkalinity, major ions, nutrients, and major metals and
some trace elements. With the exception of synthetic
organic compounds and several trace elements, the occur-
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rence of a specific constituent or property in surface water
of the Kentucky River basin can be determined using exist-
ing information. However, the existing data are not ade-
quate to address questions concerning the distribution in
space or over time and transport of many constituents, or to
associate conditions with causative factors. Data suitable for
trend assessment are also lacking for biological indicators
of water quality and concentrations of synthetic organic
compounds and radionuclides. Trend detection for concen-
trations of trace elements is also hampered because of the
short period of record and presence of values less than labo-
ratory reporting levels.
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Table 2. Summary of water-quality trends for selected constituents and properties
[Trend-line slope is defined as the median rate of change in the constituent over the sampling period. The magnitude of this slope is divided by the median
concentration and reported as percent change per year. Trend-line slopes not significant at 0.2 probability level were not included. mg/L, milligrams per

liter; pg/L, micrograms per liter; pS/cm, microsiemens per centimeter; mL, milliliter; —, median trend slope magnitude unknown; blank, not applicable]

Trends, unadjusted for flow Flow-adjusted trends
Increasing trends Decreasing trends Increasing trends Decreasing trends
Constituent or property Wedian Median Median Median
':;’ ::?:sr ':;’ ::?:sr trend-line ':;’ :;::sr trend-line I:;x;:::ee; trend-line ':;’:::g trend-line
slope slope slope slope
Major cations and anions
Calcium, dissolved, in mg/L 11 1 1.6 0 1 1.7 0
Magnesium, dissolved, in mg/L 11 3 7.6 0 2 10.6 0
Hardness, in mg/L as CaCO, 11 8 145 1 24 8 6.55 0
Sodium, dissolved, in mg/L 11 2 8.8 0 1 —_ -1 -12
Potassium, dissolved, in mg/L 11 2 9.8 1 -5.6 2 42 0
Alkalinity, mg/L as CaCO, 1 5 39 1 -17 3 32 0
Chloride, dissolved, in mg/L 11 6 8.85 0 7 99 0
Sulfate, dissolved, in mg/L 6 2 76 0 3 8.8 0
Nutrients
Nitrogen, total, in mg/L as N 1 0 0 1 4.6 1 -32
Nitrogen, NO, + NO,, total, in mg/L as N 11 4 8.15 0 3 93 0
Nitrogen, ammonia, total, in mg/L as N 11 1 26 6 — 0 0
Nitrogen, TKN, total, mg/L as N 1 1 3.1 4 -8.3 1 3.9 2 -5.0
Phosphorus, total, in mg/L as P 11 0 3 -17 1 4.8 1 -13
Phosphorus, dissolved, in mg/L as P 5 0 0 0 0
Organic carbon and oxygen demand
Organic carbon, total, in mg/L 11 1 23 3 =25 0 0 -32
Biochemical oxygen demand, in mg/L 10 0 4 =795 0 0
Chemical oxygen demand, in mg/L 10 0 3 =50 0 0
Major metals and trace elements
Aluminum, total, in pg/L 10 0 0 0 0
Arsenic, total, in pg/L 11 0 4 — 0 0
Barium, total, in pg/L 11 1 — S 9.8 0 (]
Cadmium, total, in pg/L. 11 2 — 5 — 0 0
Chromium, total, in pg/L 11 1 —_ 5 -61 0 0
Copper, total, in pg/L 11 0 10 -155 0 0
Iron, total, in pug/L 11 0 5 -16 0 3 -9.8
Lead, total, in pg/L 1 0 9 -33 0 0
Manganese, total, in pg/L 11 0 1 -8.3 2 6.1 1 =35
Mercury, total, in pug/L 11 0 6 -30.5 0 0
Nickel, total, in ug/L 6 0 2 -62 0 0
Selenium, total, in ug/L 11 0 0 0 0
Silver, total, in pg/L 11 0 0 0 0
Zinc, total, in pug/L 11 0 3 -32 0 1 =353
Miscellaneous water-quality measures
Specific conductance, in pS/cm 29 19 3.7 1 22 9 38 0
Dissolved solids, in mg/L 11 7 6.7 0 8 57 0
Suspended sediment, in mg/L 11 0 7 -17 0 1 -13
Acidity, in mg/L as CaCO, 10 0 2 -122 0 1 -1.0
Dissolved oxygen, in mg/L 2 0 0 0 0
pH, in standard units 11 1 — 4 — 0 1 —_
Coliform, fecal, in colonies/100 mL 10 0 3 -39 0 3 =51
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Table 3. Summary of water-quality criteria exceedances at sites for selected constituents and properties

[Censored values greater than the water-quality criteria were not included in the percentage computations. mg/L, milligrams per liter; pg/L, micrograms per
liter; mL, milliliter;—, constituent criteria exist, but not exceeded; blank, no constituent criteria]

U.S. ENVIRONMENTAL PROTECTION AGENCY KENTUCKY
MCL = maximum contaminant level =~ SMCL = secondary MCL KYDWS = domestic water supply
MCLG = MCL goal ALA = aquatic life (acute) KYAH = warmwater aquatic habitat
PMCLG = proposed MCLG ALC = aquatic life (chronic) KYR = recreational waters
Number of Median percentage of observations not meeting criteria at each site
Constituent or property Number s;;e‘z \:2:1
of sites meeting MCL MCLG PMCLG SMCL ALA ALC KYDWS KYAH KYR
criteria
Major cations and anions
Magnesium, total, in mg/L 15 15 94.3 943
Chloride, dissolved, in mg/L 11 0 — — —
Sulfate, total, in mg/L 10 0 _ _ —
Fluoride, dissolved, in mg/L 11 1 — 324
Major metals and trace elements
Arsenic, total, in pg/L 11 2 1.15 — 1.15 — 1.15
Barium, total, in pg/L. 1 0 — —
Cadmium, total, in pg/L 11 10 6.3 4.4 7.8 21.6 4.1
Chromium, total, in pg/L 11 1 1.3 —_ —_—
Copper, total, in pg/L 11 10 — — 49 94
Iron, total, in pg/L 15 15 S — — 83.7 — 35 35
Lead, total, in pg/L 1 11 12.1 — 100 — 8.5 66.2 12.1
Manganese, total, in pg/L 11 0 — — —
Mercury, total, in pg/L 11 11 7.1 — 4.7 —_ 6.9 100 537
Selenium, total, in pg/L 11 0 —_ —_
Silver, total, in ng/L 1 10 100
Zinc, total, in pg/L 11 11 — — —_ 1.5 13.8 13.8
Miscellaneous water-quality measures
Dissolved solids, in mg/L 15 4 — — _ 14
Alkalinity, mg/L as CaCO, 16 7 — 123
Dissolved oxygen, in mg/L 5 1 17.6 58.8
pH, in standard units (below) 11 9 —_ —_ — 4.5 — 45 23 23
pH, in standard units (above) 11 6 — — — 125 — 15 1.5 1.5
Coliform, fecal, in colonies/100mL 11 11 6.5
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Table 4. Streamflow and basin characteristics at selected sites in the Kentucky River basin
[ft/mi, feet per mile; ft*/s, cubic feet per second; ft*/s/mi, cubic feet per second per square mile]

. Drainage Channel Period of Average Average Peak 100-  7-day, 10-
Site USGS station name area slope! record  iccharge runoff yearunit  year low
number (sq_uare (fmi) (water (ft/s) (fsimi?) disg:hargze' flow!
miles) years) (ft/s/mi?) (ft'/s)
0.2  Carr Fork near Sassafras 60.6 17 1965-86 75.5 1.25 105 0.02
1.0  North Fork Kentucky River at Hazard 466 7.4 1941-86 575 1.23 115 2.1
2.0  North Fork Kentucky River at Jackson 1,101 4.6 1929-31, 1,350 1.22 66.1 3.1
1939-86
2.1  Middle Fork Kentucky River near Hyden 202 29 1958-86 293 1.45 318 28
2.2 Cutshin Creek at Wooton 61.3 45 1958-86 94.2 1.54 344 .09
2.3 Middle Fork Kentucky River at Tallega 537 4.7 1931, 722 1.34 95.7 .64
1940-86
24  Red Bird River near Big Creek 155 18 1973-86 274 1.77 .1
2.5  Goose Creek at Manchester 163 14 1965-86 262 1.61 224 73
2.6  South Fork Kentucky River at Booneville 722 5.1 1926-31, 1,050 145 114 1.1
1940-86
3.0  Kentucky River at Lock 14, at Heidelberg 2,657 32 1926-31, 3,610 1.36 60.2 22
1939-86
3.1 Red River near Hazel Green 65.8 82 1955-86 87.4 1.33 142 0
3.3 RedRiver at Clay City 362 6.0 1931, 477 1.32 90.9 37
1939-86
4.0 Kentucky River at Lock 10, near Winchester 3,955 20 1908-86 5,230 1.32 28.3 42
5.2 Dix River near Danville 318 4.1 1943-86 461 1.45 108 0
6.0  Kentucky River at Lock 6, near Salvisa 5,102 1.6 1926-86 6,670 1.31 24.5 136
8.0  Kentucky River at Lock 4, at Frankfort 5,411 15 1926-86 7,030 1.30 209 175
9.2  South Elkhorn Creek at Fort Spring 24.0 16.5 1951-86 322 134 114 0
10.0  Kentucky River at Lock 2, at Lockport 6,180 14 1926-86 8,220 1.33 18.3 206

'From Melcher and Ruhl (1984).

Table 5. Streamflow statistics at selected sites in the Kentucky River basin, based on available data for water years 1976-86
[ft¥/s, cubic feet per second; exceedance frequency, percentage of time that indicated discharge was equaled or exceeded; index of variability, dimension-
less, is the 10th minus the 90th percent exceedance frequency discharge divided by the median discharge]

Site aﬂ::l 7_5':;':;'&“ Discharge for indicated exceedance index of
number USGS station name discharge  discharge frequency (ft7s) variablility
) (“3 1s) ("3 /s) 90 50 10
0.2  Carr Fork near Sassafras 66.9 0.62 45 25 167 6.5
1.0 North Fork Kentucky River at Hazard 541 11 47 242 1,170 4.6
2.0  North Fork Kentucky River at Jackson 1,300 34 117 591 2,950 4.8
2.1  Middle Fork Kentucky River near Hyden 266 0 95 100 606 6.0
2.2 Cutshin Creek at Wooton 83 .08 26 31 181 5.8
2.3 Middle Fork Kentucky River at Tallega 678 15 56 272 2,150 7.7
24  Red Bird River near Big Creek 240 94 7.0 74 524 7.0
2.5  Goose Creek at Manchester 252 .16 59 91 557 6.1
2.6  South Fork Kentucky River at Booneville 1,010 19 37 348 2,300 6.5
3.0  Kentucky River at Lock 14, at Heidelberg 3,480 58 273 1,460 8,730 58
3.1 Red River near Hazel Green 835 0 25 33 180 54
3.3 Red River at Clay City 461 3.6 30 185 1,040 55
4.0  Kentucky River at Lock 10, near Winchester 4,900 122 309 2,160 12,510 5.6
5.2  Dix River near Danville 497 0 7.6 138 1,161 8.4
6.0  Kentucky River at Lock 6, near Salvisa 6,270 130 437 2,840 15,900 54
8.0  Kentucky River at Lock 4, at Frankfort 6,620 166 51 3,040 16,100 5.1
92 South Elkhorn Creek at Fort Spring 32 .78 29 13 74 55
10.0  Kentucky River at Lock 2, at Lockport 7,790 184 671 3,610 18,700 5.0
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Table 6. Selected Federal water-quality criteria for
freshwater aquatic life

[From U.S. Environmental Protection Agency, 1986a, mg/L, milligrams
per liter; <, less than; ug/L, micrograms per liter; *, hardness level of 100
mg/L used to calculate criteria; **, lowest observed effect level; blank no
constituent criteria)

Aquatic Aquatic
Constituent or property lif eqacute‘ chll‘::ﬁicz
Alkalinity, in mg/L as CaCO3 <20
Ammonia, total, in mg/L Criteria pH and temperature dependent
Arsenic, total trivalent, in pg/L 360 190
as As
Cadmium, total, in ug/L as Cd 3.9% 1.1*
Chromium, total, in pg/L as Cr
Chromium, hexavalent 16 1t
Chromium, trivalent 1,700* 210*
Copper, total, in pg/L as Cu 18* 12%
Cyanide, total, in mg/L as Cn 022 .0052
Dissolved oxygen, in mg/L <3.04.0 <5.5
Iron, total, in ug/L as Fe 1,000
Lead, total, in pg/L as Pb 82% 3.2%
Mercury, total, in pg/L as Hg 2.4 .012
Nickel, total, in pg/L as Ni 1,800* 96*
pH, in standard units 6.5-9.0
Phenol, in ng/L 10,200** 2,560**
Phthalate esters, in pg/L 940** gk
Selenium, total, in pg/L as Se 260 35
Silver, total, in g/l as Ag 4.1* 12
Temperature, in degrees Celsius Species dependent criteria
Zinc, total, in pg/L as Zn 320* 47

'Highest 1-hour average concentration that should not cause unacceptable
toxicity to aquatic organisms during short-term exposure.

2Highest 4-day average concentration that should not cause unacceptable
toxicity to aquatic organisms during long-termexposure.

Table 8.
basin

Table 7. Selected Federal drinking-water standards

[From U.S. Environmental Protection Agency, 1986b, 1986¢, and 1987,
MCL, maximum contaminant level; MCLG, maximum contaminant level
goal; PMCL, proposed MCL; PMCLG, proposed MCLG; SMCL, second-
ary MCL; pg/L, micrograms per liter; mg/L, milligrams per liter; blank, no
constituent criteria]

Constituentor property ¥ MCL MCLG PMCL PMCLG SMCL
Arsenic, total, in pg/L as As 50 50
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