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CONVERSION FACTORS

Multiply By To obtain
cubic foot 28.32 liter
acre 4,047 square meter
acre-foot 1,233 cubic meter
cubic foot per second 0.02832 cubic meter per second
foot 0.3048 meter
inch 2.54 centimeter
mile 1.609 kilometer
square mile 2.590 square kilometer
square mile 259.0 hectare
Abbreviated water-quality units:
gram (g) 0.03527 ounce
hectare (ha) 2471 acre
kilogram (kg) 2.205 pound
kilogram per day
(kg/d) 2.205 pound per day
kilogram per hectare
per year [(kg/ha)/yr] 0.8924 pound per acre per year
kilogram per year
(kg/yr) 2.205 pound per year
liter (L) 0.2642 gallon
microgram per liter
(ng/L) 1.0 part per billion
micrometer (JLm) 0.00003937  inch
milligram (mg) 0.0000353 ounce
milligram per liter
(mg/L) 1.0 part per million
milliliter (mL) 0.0338 ounce, fluid

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F)

by the equations:

°C =5/9 (°F-32)

°F =9/5(°C) + 32.

Contents

v



Vi Occurrence of Phosphorus, Other Nutrients, and Triazine Herbicides in Water From the Hillsdale Lake Basin, Northeast
Kansas, May 1994 Through May 1995



Occurrence of Phosphorus, Other Nutrients, and
Triazine Herbicides in Water from the Hillsdale Lake
Basin, Northeast Kansas, May 1994 Through May 1995

By James E. Putnam

Abstract

An investigation of the occurrence of phos-
phorus, other nutrients, and triazine herbicides in
water samples from the Hillsdale Lake Basin in
northeast Kansas was conducted from May 1994
through May 1995. Point-source and non-
point-source contributions of these water-quality
constituents were estimated by conducting synop-
tic sampling at 48 sites in the basin during five
periods of low-flow conditions. Samples were col-
lected for the determination of nutrients, including
total phosphorus as phosphorus, dissolved ortho-
phosphate as phosphorus, total nitrite plus nitrate
as nitrogen, and total ammonia plus organic nitro-
gen as nitrogen, and for selected triazine
herbicides.

On the basis of criteria developed by the
Kansas Department of Health and Environment,
the Hillsdale Water-Quality Protection Project
established a goal to maintain water quality in the
tributaries of the Hillsdale Lake Basin at a mean
annual low-flow total phosphorus concentration of
0.05 mg/L (milligram per liter). The mean
low-flow total phosphorus concentration of water
samples collected in the Big Bull Creek (which
includes drainage from Martin Creek), Rock
Creek, Little Bull Creek, Wade Branch, and Smith
Branch subbasins during low-flow conditions
ranged from 0.05 to 4.9 mg/L during this study. Of
the 44 sites sampled during low flow, 95 percent
had low-flow total phosphorus concentrations
larger than the 0.05-mg/L criterion. Discharges

from wastewater-treatment plants located in Big
Bull Creek and Martin Creek subbasins and the
Little Bull Creek subbasin affected nutrient con-
centrations. Nutrient concentrations in water sam-
ples collected from the subbasins not affected by
point-source discharges generally were smaller
than those in the Big Bull Creek and Little Bull
Creek subbasins.

Estimated annual low-flow phosphorus
loads computed at sampling sites located at the
outlet of the subbasins show that the Big Bull
Creek subbasin, which includes drainage from the
Martin Creek subbasin, had the largest estimated
annual low-flow load, 2,740 kg/yr (kilograms per
year). Rock Creek, Little Bull Creek, Wade
Branch, and Smith Branch subbasins contributed
less annual low-flow phosphorus load, 175, 161,
234, and 22 kg/yr, respectively.

With the exception of the Smith Branch sub-
basin, the largest triazine herbicide concentrations
occurred in water samples collected during May
1994 and May 1995. During May 1994, 10 of 17
sampling sites in the Big Bull Creek and Martin
Creek subbasins, 5 of 6 sites in the Rock Creek
subbasin, and 4 of 10 sites in the Little Bull Creek
subbasin had triazine herbicide concentrations in
water larger than the U. S. Environmental Protec-
tion Agency’s Maximum Contaminant Level
(MCL), which is an annual mean of 3.0 pg/L
(micrograms per liter) for atrazine in drinking
water. During May 1995, 7 of 19 sites in the Big
Bull Creek and Martin Creek subbasins, 5 of
6 sites in the Rock Creek subbasin, 1 of 12 sites in

Abstract
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the Little Bull Creek subbasin, and 2 of 4 sites in

the Wade Branch subbasin had samples with triaz-
ine herbicide concentrations larger than the MCL.

Water samples collected in the Rock Creek subba-
sin had the largest mean triazine herbicide concen-
trations during May 1994 and May 1995, 6.4 and

4.5 pg/L, respectively.

INTRODUCTION

The Hillsdale Lake Basin is a 144-square-mile area
located in Douglas, Franklin, Johnson, and Miami
Counties of northeast Kansas (fig. 1). Hillsdale Lake,
completed in 1982, was among the last of the Federal
reservoirs built in Kansas. As early as 1985, concerns
existed that water quality in Hillsdale Lake may be
adversely affected by urbanization and agricultural
activities from point and nonpoint sources of nutrients
and herbicides within the basin. Water samples col-
lected by the U.S. Army Corps of Engineers from
1976-95 at sites in the Big Bull Creek, Martin Creek,
and Little Bull Creek drainage basins, as well as in the
lake, indicated that existing phosphorus concentrations
may lead to water-quality problems in Hillsdale Lake
(Garland Kersh, U.S. Army Corps of Engineers, writ-
ten commun., 1995). A study completed by the Kansas
Department of Health and Environment (KDHE) in
1994 indicated the need for reduction in annual phos-
phorus loads by 28 to 45 percent (Carney, 1994).

In 1992, the Hillsdale Water-Quality Protection
Project was initiated within the basin to establish
long-term protection of the lake and drainage area.
Specifically, the goal of the Hillsdale Water-Quality
Protection Project as determined by KDHE is to main-
tain an annual mean total phosphorus concentration of
0.06 mg/L or less in Hillsdale Lake (Carney, 1994).
Additionally, the phosphorus in tributary streams is to
be limited to an annual mean concentration of
0.10 mg/L, a low-flow mean concentration of
0.05 mg/L, and a runoff mean concentration of
0.40 mg/L.

The U.S. Geological Survey (USGS) conducted a
water-quality study from May 1994 through May 1995
in cooperation with the Hillsdale Lake Region
Resource Conservation and Development Council, the
Kansas Department of Health and Environment, and
the U.S. Environmental Protection Agency (USEPA) to
assess low-flow distribution of nutrient and triazine
herbicide concentrations and nutrient loads in the

basin. Objectives of the study were to: (1) identify
areas within the selected subbasins where nutrient and
triazine herbicide concentrations exceed the criteria
established by the Hillsdale Water-Quality Protection
Project or exceed Maximum Contaminant Levels
(MCLs) in drinking water established by the USEPA
(U.S. Environmental Protection Agency, 1992), (2)
document locations of point-source discharges of nutri-
ents and areas of major nonpoint-source contributions
of nutrients and triazine herbicides, and (3) identify rel-
ative contribution of subbasins to nutrient loading of
Hillsdale Lake during low flow. The study involved the
collection of water samples at 48 sites in the Hillsdale
Lake Basin for the determination of nutrient concentra-
tions of total phosphorus as phosphorus, dissolved
orthophosphate as phosphorus, total nitrite plus nitrate
as nitrogen, and total ammonia plus organic nitrogen as
nitrogen and for the determination of triazine
herbicides.

This report describes the results of the study. It pro-
vides improved understanding of the low-flow distribu-
tion of nutrient and triazine herbicide concentrations
and nutrient loads in the Hillsdale Lake Basin.

Description of Study Area

The Hillsdale Lake Basin encompasses approxi-
mately 92,160 acres in parts of Douglas, Franklin,
Johnson, and Miami Counties. Five major streams con-
tribute flow directly to Hillsdale Lake—Big Bull
Creek, Rock Creek, Little Bull Creek, Wade Branch,
and Smith Branch (fig. 1). Most of the study area lies
within the Dissected Till Plains physiographic section
and partly in the Osage Cuestas division of the Osage
Plains physiographic section (Schoewe, 1949). The
area consists of gently rolling uplands, with hilly areas
along the streams, and is underlain by Pennsylva-
nia-age shale and limestone (O’Connor, 1971). Soils in
the study area are of the Polo-Oska type, consisting of
moderately sloping and sloping soils that have a loamy
or clayey subsoil (Plinsky and others, 1979). About 50
percent of the lake’s drainage area is grassland, 35 per-
cent cropland, with the remainder used as animal hold-
ing areas (feedlots), pasture, or considered urban and
residential areas (Keith Macedo, Hillsdale Water-Qual-
ity Protection Project, oral commun., 1995).

Several point sources of nutrients are located in the
Big Bull Creek, Martin Creek (a tributary of Big Bull
Creek), and Little Bull Creek drainage basins. Waste-
water-treatment plants are located at Gardner and Edg-
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RC-1, LB-1, and BB-13 and at partial-record gages at
sites WB-1 and SM-1 (fig. 1). Stage-discharge rela-
tionships (Kennedy, 1984) for these sites were devel-
oped using streamflow measurements made throughout
the year (Buchanan and Somers, 1969).

Discharge hydrographs for the streamflow-gaging
stations, sites BB—1, RC-1, and LB-1, are shown in
figure 2. The sampling dates for samples collected at
these sites are labeled on the hydrographs to show
streamflow conditions at subbasin outlet sites during
sample collection. To estimate a representative
low-flow discharge (base flow), two analyses were per-
formed. Flow-duration curves were developed for
sites BB-1, RC-1, and LB-1 and are shown in figure 3.
Flow-duration curves give the percentage of time spec-
ified discharges are equaled or exceeded in a given
period. Duration curves are not reliable for short peri-
ods of record but were used in conjunction with dis-
charge hydrographs to estimate a representative
low-flow discharge for sites BB—1, RC-1,and LB-1. A
reasonable estimate for low-flow discharge for each
streamflow site was made by considering the median
discharge (50 percent) from the flow-duration curves
and the low-flow parts of the hydrograph. Base flow of
a stream changes throughout the year due to increases
(or decreases) of ground-water contributions. Using the
flow-duration curves and stream hydrographs as a
guide, a representative low-flow discharge was
selected for each site and is indicated by a line on the
stream hydrographs (fig. 2).

It is important to put into perspective the amount of
time streamflow in the Big Bull Creek, Rock Creek,
and Little Bull Creek subbasins was at low flow com-
pared to periods affected by runoff. Low-flow periods
account for only a small amount of the total streamflow
in these subbasins. Low-flow discharge for site BB—1
was selected as 2 cubic feet per second (fig. 2). The
number of days during the study period (May 1, 1994,
through May 31, 1995) when the daily mean stream-
flow at this gaging station was less than or equal to
2 cubic feet per second was 245 days or 62 percent of
the 396 days in the study period (Geiger and others,
1995; Putnam and others, 1996). The total flow at
site BB-1 during these low-flow periods was
513 acre-feet. The total flow during the study period
was 23,082 acre-feet. Low flow occurred on many
days, but it represents only 2.2 percent of the total flow
during the study period. Using a similar analysis, low
flow in the Little Bull Creek subbasin represented only
6.7 percent of the total flow during the study period.

Sampling sites MC—6 and MC-7 in the Big Bull
Creek subbasin were not sampled during May 1994,
although they were sampled during the remainder of
the study. There was no flow at sites BB-12, BB-11,
BB-10, BB-6, MC4, MC-3, MC-2, MC-1, MC-5,
BB—4, BB-3, BB-2 during the August 1994 sampling.
The sites at BB-12, BB-10, and MC-2 did not have
flowing water during the November 1994 sampling
period. None of the sampling sites in the Rock Creek
subbasin were flowing during the August 1994 sam-
pling period. Sampling sites RC-3 and RC-2 also had
no flow during the November 1994 sampling. There
was no flow at site LB—4 in the Little Bull Creek sub-
basin during the August 1994 sampling period.

Sites LB-12 and LB-11 were not sampled during May
1994. Site LB-12 is located downstream from a point
source; this site and a site downstream, LB—-11, were
added and sampled during the remainder of the study.
There was no flow in Wade Branch and Smith Branch
subbasins during the August 1994 sampling period.
There also was no flowing water at site SM-3 during
the November 1994 sampling period. Instantaneous
discharges determined for each site at the time of sam-
pling are listed in table 6 at the end of this report.

Sample Collection and Analysis

Point-source and nonpoint-source contributions of
nutrients and selected triazine herbicides were esti-
mated by conducting synoptic sampling at 48 sites dur-
ing low-flow conditions. Low-flow samples were
collected in an attempt to show the effects of
point-source discharges and to facilitate between-site
comparison. The drainage area of each sampling site
was approximately 4 square miles. Sites were selected
to represent all major tributaries draining to Hillsdale
Lake. Samples collected during synoptic sampling
gave a “snapshot” in time of water-quality constituents
in each subbasin. Samples were generally collected at
different times of the year to describe seasonal variabil-
ity. The location of the sampling sites is shown in
figure 1. Samples for determination of nutrients and
herbicides were collected May 23-26, 1994,

August 15-17, 1994, October 31-November 3, 1994,
March 7-10, 1995, and May 9-12, 1995. For the
remainder of this report, these sampling periods will be
referred to as May 1994, August 1994,

November 1994, March 1995, and May 1995.

Onsite determinations of specific conductance, pH,
water temperature, and dissolved oxygen were made at

Data Collection and Analysis Methods 5
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Figure 2. Stream discharge for (A) Big Bull Creek near Edgerton (sampling site BB-1), (B) Rock
Creek near Wellsville (sampling site RC-1), and (C) Little Bull Creek near Spring Hill (sampling
site LB-1), May 1994-May 1995.
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all sampling sites. Water samples were collected from
the centroid of the streams using a dip method (Shel-
ton, 1994). If the stream was wide enough, an equal-
width-increment dip sample was collected (Shelton,
1994). Sample bottles were rinsed three times with
stream water prior to sample collection. All samples
were processed and preserved onsite. Water samples
for the determination of total phosphorus as phospho-
rus, total nitrite plus nitrate as nitrogen, total ammonia
as nitrogen, and total ammonia plus organic nitrogen as
nitrogen concentrations were collected in USEPA-sup-
plied containers, preserved with 2 mL of sulfuric acid
to inhibit bacterial growth, and chilled at 4 °C. Water
samples for the determination of dissolved orthophos-
phate and triazine herbicide concentrations were col-
lected in 1-L Teflon bottles. An aliquot for the
determination of dissolved orthophosphate concentra-
tion was withdrawn from each Teflon bottle, filtered
through a cellulose acetate, 0.45-lum porosity filter into
a 125-mL polyethylene bottle, and chilled at 4 °C.
Another aliquot for the determination of triazine herbi-
cide concentration was withdrawn from each 1-L bot-
tle, filtered through a 0.70-um porosity, baked
glass-fiber filter, transferred into 125-mL amber glass
bottles, and chilled to 4 °C.

Samples for the determination of nutrients includ-
ing total phosphorus as phosphorus, dissolved ortho-
phosphate as phosphorus, total nitrite plus nitrate as
nitrogen, total ammonia as nitrogen, and total ammonia
plus organic nitrogen as nitrogen were analyzed at the
USEPA laboratory in Kansas City, Kansas. Water sam-
ples for the determination of concentrations of triazine
herbicides were analyzed by enzyme-linked immu-
nosorbent assay (ELISA), with selected samples con-
firmed by gas chromatography/mass spectrometry
(GC/MS) at the USGS laboratory in Lawrence, Kansas
(Thurman and others, 1990). Although the ELISA
method is sensitive to the presence of atrazine
(0.10-pg/L detection level), the method is not totally
specific to atrazine; other triazine compounds such as
ametryn, prometon, prometryn, and propazine may be
detected. Therefore, results of ELISA methods were
reported as concentrations of triazine herbicides even
though only small concentrations, if any, of these other
triazine compounds were detected in water samples by
GC/MS analyses. Results of chemical analyses are
shown in table 6 at the end of this report.

Quality Assurance

Analytical quality-assurance samples for this study
included replicate samples collected at random sites.
The precision and reproducibility of the analytical
method can be evaluated by comparison of duplicate
analyses of these randomly selected stream samples.
Replicate samples were collected from at least two
sampling sites during each sampling period. Results of
these duplicate analyses are shown throughout table 6
and are labeled as “dup.” Comparison of these analyses
show that both the sample processing techniques and
analytical methods gave reproducible results.

Blank water samples also were included as part of
the quality-assurance data collection. Results of the
blank water analyses, QA—1 and QA-2, are shown at
the end of table 6. A bottle blank tests the cleanliness
of sample bottles used, and the equipment blank evalu-
ates the equipment used during sample processing.
Blank water samples evaluate the probability of the
analytical methods producing a false positive result.
All blank water samples for dissolved nutrient constit-
uents and triazine herbicides gave results less than
detection limits. However, total nutrient analyses from
several sampling periods had nutrient concentrations
greater than the detection limits. The inorganic blank
water used for the Hillsdale study was also used in
another study during this same period (same lot and
bottle number), and results of quality-assurance analy-
ses showed no problems. Therefore, it is unlikely that
contaminated blank water caused the concentrations
greater than the detection limits. Sample-collection
bottles and caps were packaged separately, and it is
possible that these bottles contained particulate matter
that was not thoroughly rinsed with blank water during
processing. Moreover, the replicate samples analyzed
show that the processing and analytical methods used
gave reproducible results. Therefore, it was not consid-
ered necessary to adjust the nutrient data on the basis of
the false positive results of the blank water analyses.

Computation of Water-Quality Constituent
Loads

Transport of nutrients in a stream is a function of
constituent concentration and stream discharge (vol-
ume). Analysis of nutrient loads computed at sampling
sites may show contributions of contaminants from
point or nonpoint sources as well as the fate of the con-
stituent mass. For example, a decrease in total nutrient
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loads between sampling sites may be caused by the
uptake of the nutrients by aquatic vegetation or deposi-
tion of the nutrients in streambed material. Streamflow
and concentration data were used to compute total
loads of constituents at outlet sites of the subbasins and
other selected sampling sites within the subbasins.
Nutrient loads were computed in kilograms per day.

Daily nutrient loads were estimated using the fol-
lowing equation:

Daily nutrient load (kg/d) = [discharge (ft¥/s)] x
(86,400 seconds per day) x (nutrient concentration,
mg/L) x (1 g/1,000 mg) x (1 kg/1,000 g). ¢

Annual nutrient loads (in kilograms per year) were esti-
mated using daily load estimates.

Comparisons of nutrient loads among subbasins
are complicated by differences in subbasin drainage
areas and streamflow volumes. Computation of trans-
port rate for each subbasin outlet site results in the
quantity of constituent load per unit drainage area.
Transport rate (in kilograms per hectare per year) is
computed by dividing annual load (in kilograms per
year) by subbasin drainage area (in hectares). An
example of the use of equation 1 is shown in the section
“Nutrient Loads.”

SOURCES AND TRANSPORT OF
NUTRIENTS AND HERBICIDES

An understanding of the sources and transport of
nutrients and herbicides in a stream basin can help
explain the resulting constituent concentrations and
loads in streams. Constituent concentrations and loads
within the Hillsdale Lake Basin are primarily affected
by land use.

Sources

Land-use related discharges from point and non-
point sources contribute nutrients and herbicides to the
streams. Point-source contamination originates from
specific locations such as wastewater-treatment plants
and industrial outflows. Nonpoint-source contamina-
tion does not originate from any specific location—an
example is runoff from cropland and animal holding
areas (U.S. Environmental Protection Agency, 1994).

Phosphorus is essential for the synthesis of energy
in the cells of plants and animals and can have a direct
effect on the production of phytoplankton populations,
an important component of the food chain. Phosphorus
is a component of sewage and is always present in ani-
mal metabolic waste (Hem, 1985, p.126), and accord-
ing to Hammer (1986), only 20 to 30 percent of the
total phosphorus from domestic waste is removed by
conventional wastewater-treatment processes. There-
fore, itis common to see relatively large concentrations
of total phosphorus directly downstream from treat-
ment plants (point sources). Hem (1985, p. 128) notes
that particulate forms of phosphorus constitute about
95 percent of the total phosphorus in stream water;
however, the predominant form of phosphorus found in
many samples in the Big Bull Creek subbasin was
orthophosphate (table 6). Generally, dissolved ortho-
phosphate results from the biological oxidation of
phosphorus during the wastewater-treatment process.

Nonpoint sources of particulate phosphorus are
animal holding areas (feedlots) and phosphorus fertil-
izers applied to cropland. If animal holding areas are
located in close proximity to the stream or if cattle have
direct access to the stream, water quality may be
adversely affected during low flow by the leaching of
phosphorus through the soil and into streams.

Nitrogen is important to all ecosystems because of
its role in the synthesis and maintenance of protein,
which is a major constituent of living substances (Reid
and Wood, 1976). Common forms of nitrogen in stream
water are nitrite and nitrate, ammonia, and organic
nitrogen. Wastewater-treatment plants are major
point-source contributors of nitrogen constituents.
Nitrogen in wastewater results from human waste,
nitrogen-containing organic compounds, and industrial
waste. The wastewater-treatment process converts the
organic nitrogen to ammonia. A secondary treatment
process biologically converts ammonia to nitrite and
nitrate. The predominant form of nitrogen in water
from wastewater-treatment plant discharge is depen-
dent on the treatment process.

Cropland and animal feedlots also are nonpoint
sources of nitrogen nutrients. Organic nitrogen and
nitrate are common in animal wastes, and ammonia is
used as a fertilizer.

Triazine herbicides are used in agricultural areas to
control weed growth on cropland. The herbicides are
generally applied to fields in the early spring prior to
planting.

Sources and Transport of Nutrients and Herbicides 9



Transport

Phosphorus and nitrogen nutrients are transported
to rivers in both a particulate phase and the dissolved
phase. Particulate and soluble forms of phosphorus and
nitrogen from nonpoint sources of contamination, such
as cropland and feedlots, are transported to rivers in a
water and soil mixture during runoff. Particulate phos-
phorous and nitrogen tend to adhere to sediment parti-
cles and may be deposited on streambanks and as bed
material as streamflow decreases. Some loss of nutrient
load from upstream sites to downstream sites may be
explained by this phenomenon. Part of the total phos-
phorus and the dissolved constituents of phosphorus
(dissolved orthophosphate) and nitrogen (ammonia
and nitrate) from point sources are available for uptake
by aquatic vegetation, such as rooted vegetation, per-
iphyton, and free-floating algae. Therefore, nutrient
loads may decrease between point-source discharges
and downstream sites as nutrients are consumed by
aquatic vegetation.

Triazine herbicides are applied to fields in the early
spring, and concentrations larger than the MCL may
occur in streams after late-spring and early-summer
rains with subsequent return to preplanting concentra-
tions by harvest periods. Thurman and others (1991)
described this flushing of the herbicides as pulses in
response to late-spring and early-summer rainfall.
According to Squillace and Thurman (1992), triazine
herbicides such as atrazine may be transported in both
the suspended phase (on sediment particles) and the
dissolved phase. They note that the triazine herbicides
may be sorbed on sediment particles and slowly
released back to the dissolved phase in the river. The
herbicide water samples collected for this study were
filtered, assuming that the herbicides in the streams
were in the dissolved phase.

OCCURRENCE OF PHOSPHORUS AND
OTHER NUTRIENTS

Large concentrations of phosphorus and nitrogen
may adversely affect the quality of the water in streams
and lakes. Because both phosphorus and nitrogen are
essential to plant growth, these constituents may con-
tribute to algal blooms in lakes. Dense, rapidly growing
algal blooms may lead to depleted oxygen in lake
water, odor and taste problems in drinking water, and
loss of some fish species. Elevated levels of free
ammonia, common downstream from wastewater-

treatment plants, is toxic to fish. Therefore, it is impor-
tant to assess the occurrence of nutrient contamination
so that concentrations of these constituents can be man-
aged.

Nutrient Concentrations

Results of analyses for total phosphorus as phos-
phorus, dissolved orthophosphate as phosphorus, total
nitrite plus nitrate as nitrogen, and total ammonia plus
organic nitrogen as nitrogen are discussed in this
report. A statistical summary of nutrient concentrations
in water samples collected from all sampling sites is
shown in table 2. For those samples with constituent
concentration less than detection limits, one-half of the
detection limit was used for constituent concentration
when computing the mean constituent concentrations.
Runoff-affected samples collected during
November 1994 in the Little Bull Creek subbasin and
collected during May 1995 in all subbasins were not
used in the mean low-flow concentrations shown in fig-
ure 4. Mean low-flow total phosphorus concentrations
ranged from 0.05 (site LB-3) to 4.9 mg/L (site BB-9)
(table 6). Of the 44 sites sampled during low flow, 95
percent of the sites had mean low-flow total phospho-
rus concentrations larger than the 0.05-mg/L criterion
proposed by the Hillsdale Water-Quality Protection
Project (fig. 4). In fact, nearly 32 percent of the sites
sampled during low flow had mean low-flow total
phosphorus concentrations larger than the runoff mean
concentration of 0.40 mg/L (fig. 4).

Of the five sampled subbasins in the study area, the
Big Bull Creek subbasin, which includes drainage from
the Martin Creek subbasin, had the largest mean total
phosphorus, mean dissolved orthophosphate, and mean
total ammonia plus organic nitrogen concentrations,
1.3, 0.80, and 3.7 mg/L, respectively (table 2). The
maximum nitrite plus nitrate concentrations in water
samples collected from the Big Bull Creek subbasin,
11.5 and 11.7 mg/L, occurred in water samples from
site BB-9 during the May 1994 and August 1994 sam-
pling periods and exceeded the Kansas and Federal
MCL of 10 mg/L (Kansas Department of Health and
Environment, 1994; U.S. Environmental Protection
Agency, 1992). Site BB-9 is affected by discharge
from the Gardner wastewater-treatment plant located
approximately 0.75 mile upstream. The Little Bull
Creek subbasin had the largest mean total nitrite plus
nitrate concentration, 2.8 mg/L. The maximum nitrite
plus nitrate concentration in the Little Bull Creek
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12 Occurrence of Phosphorus, Other Nutrients, and Triazine Herbicides in Water From the Hiiisdale Lake Basin, Northeast

Kansas, May 1994 Through May 1995



subbasin, 17.7 mg/L, during August 1994 also
exceeded the Kansas and Federal MCL of 10 mg/L.
This water sample was collected at site LB—12, which
is affected by discharge from the Johnson County New
Century AirCenter wastewater-treatment plant, located
approximately 0.75 mile upstream.

The wastewater-treatment plants located in the Big
Bull Creek subbasin affect nutrient concentrations dur-
ing low flow. Sampling sites are located downstream
from the Gardner wastewater-treatment plant
(site BB-9) and the Edgerton wastewater-treatment
plant (site MC—6). The graph in figure 5 shows that the
largest total phosphorus and dissolved orthophosphate
concentrations occurred in water samples collected at
site BB-9 during all sampling periods. The relatively
large total phosphorus and nitrogen-containing nutrient
concentrations at site MC-6 during the August 1994
and November 1994 sampling periods reflect discharge
from the wastewater-treatment plant at Edgerton. The
largest nitrogen-containing nutrient concentrations,
total nitrite plus nitrate and ammonia plus organic
nitrogen, occurred at site BB-9 during all sampling
periods (fig. 6). The nutrient concentrations generally
decreased from upstream to downstream as streamflow
increased and diluted the constituent concentration
and, to some degree, as a loss of the particulate forms
of the constituents (total phosphorus) to streambed
material. For example, figure 5 shows the decrease of
total phosphorus concentration between the point
source (site BB-9) and site BB—7 during all sampling
periods except November 1994. Variability in stream-
flow and the fact that some water samples were not col-
lected on the same day in the Big Bull Creek subbasin
accounted for the variability of constituent concentra-
tions during sample collection in November 1994.

Nutrient concentrations in the Little Bull Creek
subbasin are shown in figures 7 and 8. The mean total
phosphorus and dissolved orthophosphate concentra-
tions in this subbasin were 0.34 and 0.17 mg/L, respec-
tively (table 2). The mean total nitrite plus nitrate and
mean total ammonia plus organic nitrogen concentra-
tions were 2.8 and 1.7 mg/L, respectively (table 2).
Sampling sites downstream from the three point
sources in this subbasin are located at sites LB—12,
LB-9, and LB—4. Nutrient constituents common in
wastewater were found in water samples collected at
site LB—12. However, the nutrient concentrations at
this point source were less than those found at the
point-source-dominated site BB-9 in the Big Bull
Creek subbasin. For example, the total phosphorus and

dissolved orthophosphate concentrations in water sam-
ples collected at site LB—12 during August 1994 were
0.78 and 0.49 mg/L, respectively (table 6). The total
phosphorus and dissolved orthophosphate concentra-
tions in water samples collected at site BB—9 during
August 1994 were 5.0 and 4.3 mg/L, respectively
(table 6). Furthermore, with the exception of the nitrite
plus nitrate concentrations, the mean total phosphorus,
dissolved orthophosphate, and total ammonia plus
organic nitrogen concentrations in water samples were
much larger in the Big Bull Creek subbasin than those
in the Little Bull Creek subbasin (table 2).

Another difference between the Big Bull Creek and
Little Bull Creek subbasin is seen in a comparison of
the nitrogen nutrient concentrations shown in figures 6
and 8. The dominant nitrogen nutrient constituent
downstream from the point source in the Big Bull
Creek subbasin (site BB-9) was total ammonia plus
organic nitrogen (fig. 6) and that downstream from the
wastewater-treatment plant in the Little Bull Creek
subbasin (site LB—12) was nitrite plus nitrate, except
during August 1994 and November 1994 (fig. 8). The
mean total nitrite plus nitrate and total ammonia plus
nitrogen concentrations in water from site BB-9 were
7.3 and 20 mg/L, respectively. The mean total nitrite
plus nitrate and total ammonia plus organic nitrogen
concentrations in water from site LB—12 (August 1994
through May 1995) were 10.7 and 2.0 mg/L, respec-
tively. The differences in constituent concentrations
found downstream from the wastewater-treatment
plants in the subbasins reflect the differences in treat-
ment processes.

Nutrient concentrations for the subbasins not
affected by point sources, the Rock Creek, Wade
Branch, and Smith Branch subbasins, are shown in
figures 9-14. A summary of nutrient constituent con-
centrations for these subbasins is shown in table 2.
Because of the absence of point-source discharges, it is
believed that nutrient concentrations in streams of
these subbasins are from nonpoint sources. These sub-
basins do not contribute water with substantial nutrient
concentrations to the Hillsdale Lake Basin; however,
nearly all sites in these subbasins had total phosphorus
concentrations larger than the mean annual low-flow
concentration criterion proposed by the Hillsdale
Water-Quality Protection Project (0.05 mg/L). For
example, the mean total phosphorus concentration in
the Wade Branch subbasin (0.28 mg/L) is more than
five times the 0.05-mg/L criterion. Moreover, of the
16 water samples collected from the Wade Branch

Occurrence of Phosphorus and Other Nutrlents 13
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Figure 5. Concentrations of total phosphorus and dissolved orthophosphate in Big Bull Creek (BB) and Martin Creek (MC)

subbasins, May 1994-May 1995.

subbasin, 12 exceeded the 0.05-mg/L criterion for total
phosphorus (table 6). During May 1994, water samples
collected at site RC-3 in the Rock Creek subbasin had
larger total phosphorus and total ammonia plus organic
concentrations than other sites sampled during this

period. Samples collected at this site were probably
affected by some nonpoint source in the area.

Figure 15 shows mean low-flow total phosphorus
concentrations for samples collected in the five
subbasins in relation to the 0.05-mg/L criterion
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established by the Hillsdale Water-Quality Protection Although a rigorous analysis of seasonal variation
Project. Managing and controlling the point-source dis-  of nutrient concentrations among subbasins cannot be
charges in the subbasins alone apparently would not performed due to the limited data set, some compari-
decrease the nutrient concentrations in the Hillsdale sons can be made. Box plots showing total phosphorus
Basin to the proposed criterion. data for water samples collected from all sampled
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subbasins during May 1994, August 1994,
November 1994, and March 1995 are shown in

figure 16A. The median total phosphorus concentration

during August 1994 shows the effect of the point
sources in the Big Bull Creek and Little Bull Creek
subbasins. None of the streams in the Rock Creek,

Wade Branch, and Smith Branch subbasins were flow-
ing during the August 1994 sampling period. There-

fore, the majority of sites sampled during August 1994
were affected by point-source discharges. The Novem-
ber 1994 sample had the largest median total phospho-
rus concentration because many of the sampling sites,

16 Occurrence of Phosphorus, Other Nutrients, and Triazine Herbicides in Water From the Hillsdale Lake Basin, Northeast
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Figure 8. Concentrations of total nitrite plus nitrate and ammonia plus organic nitrogen as nitrogen in Little Bull Creek (LB)

subbasin, May 1994-May 1995.

especially those in the Little Bull Creek subbasin, were
affected by ruroff from nonpoint sources. The mean
streamflow in the Little Bull Creek subbasir during the
November 1994 sampling period was 14.9 cubic feet
per second, whereas that for May 1994, August 1994,
and March 1995 was 0.77, 0.25, and 0.52 cubic feet per

second, respectively. Samples collected at site LB-3
show the effect of runoff or constituent concentrations.
The total phosphorus concentration at site LB-3, a
sampling site not affected by the point sources, was
0.02 mg/L during May 1994, whereas the November
1994 sample at this site had a total phosphorus concen-

Occurrence of Phosphorus and Other Nutrients 17
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Figure 9. Concentrations of total phosphorus and dissolved orthophosphate in Rock Creek (RC) subbasin, May 1994
May 1995.

tration of 0.85 mg/L. Although runoff in the Little Bull  centrations occurred during August 1994. Many of the
Creek subbasin was minor, it does point out the effect sites in the Big Bull Creek subbasin had no flow during
on water quality of nonpoint-source contributions dur-  the August 1994 sampling period; of the 19 sites vis-
ing runoff. ited, only 7 had flowing water. As the nonpoint-source

Figure 16B shows box plots of total phosphorus tributaries dry up, the point sources dominate the
concentrations in water samples collected fromthe Big ~ stream system, resulting in larger median total phos-
Bull Creek subbasin. The largest total phosphorus con-  phorus concentrations.

18 Occurrence of Phosphorus, Other Nutrients, and Triazine Herbicides in Water From the Hillsdale Lake Basin, Northeast
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Figure 10. Concentrations of total nitrite plus nitrate and ammonia plus organic nitrogen as nitrogen in Rock Creek (RC)
subbasin, May 1994-May 1995.

Nutrient Loads Mean low-flow nutrient loads computed for the

) ) ) outlet sampling sites in the subbasins are listed in
Results of this study focus on nutrient loads during  table 3. Figure 17 shows mean low-flow total phospho-

low flow. More information concemigg point-.source rus loads for selected sampling sites in the Hillsdale
and nonpoint-source phosphorus loading to Hillsdale Basin. All sampling periods, except those periods
Lake is reported by Holt (1996). affected by runoff (all samples collected during May

1995 and those collected during November 1994 in the
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Figure 11. Concentrations of total phosphorus and dissolved orthophosphate in Wade Branch (WB) subbasin, May 1994—

May 1995.

Little Bull Creek subbasin), were used in the low-flow

mean load computation. The discharge hydrographs

and flow-duration curves (figs. 2 and 3) for sites BB-1,
RC-1, and LB-1 were used to determine which sam-

ples were affected by runoff. The instantaneous dis-
charge measured at site BB—1 during May 1994,

August 1994, November 1994, and March 1994 was at
(or near) the low-flow discharge shown in figure 2. The
instantaneous discharge measured at this site during
May 1995 (16.2 cubic feet per second) indicates a run-
off-affected period. Therefore, data for this period
(May 1995) were not used to compute low-flow

20 Occurrence of Phosphorus, Other Nutrients, and Triazine Herbicides in Water From the Hillsdale Lake Basin, Northeast
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Figure 12. Concentrations of total nitrite plus nitrate and ammonia plus organic nitrogen as nitrogen in Wade Branch (WB)

subbasin, May 1994-May 1995.

nutrient load statistics shown in table 3. Similar analy-
sis indicates that samples collected at sites RC-1 and
LB-1 during May 1995 and those collected during
November 1994 at site LB—1 were affected by runoff.
No discharge hydrographs or flow-duration curves
were computed for sites WB—1 and SM—1 because con-
tinuous discharge records were not collected for these

sites. As a result of the analysis of the discharge mea-
surements made at sites WB—1 and SM-1 and compar-
ison with runoff at site RC—1 (located near sites WB-1
and SM-1), a reasonable assumption was made that
samples collected at sites WB—1 and SM—-1 during
May 1995 were also affected by runoff. Therefore,
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Figure 13. Concentrations of total phosphorus and dissolved orthophosphate in Smith Branch (SM) subbasin, May 1994-
May 1995.

these samples were not used for computation of the 0.08 mg/L. Using equation 1, the low-flow total phos-
low-flow nutrient statistics shown in table 3. phorus load at site RC-1 during May 1994 was
Equation 1 was used to compute low-flow nutrient 0.18 kg/d. Low-flow nutrient loads for the remaining

loads for the subbasin outlet sites listed in table 3. For ~ Samples collected (except those during runoff periods)
were used to compute mean low-flow total phosphorus

example, the discharge measured at site RC-1 during load
oads.

May 1994 was 0.92 cubic foot per second. The total
phosphorus concentration for the sample collected was
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The largest mean nutrient loads occurred at the out-
let sampling site in the Big Bull Creek subbasin,
site BB—1 (table 3). In the Big Bull Creek subbasin, the
largest nutrient loads generally occurred downstream
from point sources. Stream discharge and nutrient
loads for the Big Bull Creek subbasin are shown in fig-
ures 18 and 19. The total phosphorus and dissolved

orthophosphate loads were relatively large at site BB—1
during the November 1994 and May 1995 sampling
periods. Minor runoff occurred just prior to or during
collection of these samples, thereby increasing the non-
point-source component of the measured load at

site BB—1. Also, some sites were not sampled on the
same day the during the November 1994 sampling,
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Runoff-affected samples collected during November 1994 from the Little Bull Creek subbasin are

not included.

which increased load variability because of variations
in streamflow. An example of point-source discharges
and the effect on the Big Bull Creek subbasin is shown
in figure 18 during the May 1994, August 1994,
March 1995, and May 1995 sampling periods. The
total phosphorus and dissolved orthophosphate loads
generally decreased between sites BB-9 (immediately
downstream from a point-source discharge) and BB-7
and were much smaller at the subbasin outlet site, site
BB-1, during May 1994 and August 1994. Nitrogen
nutrient loads shown in figure 19 varied in a similar
manner. As discussed earlier in this report, nutrients are
utilized by aquatic vegetation in the stream, and depo-
sition of some particulate phosphorus onto bed material
may occur, thereby decreasing nutrient loads between
point sources and downstream sites.

Sites BB-12, BB-11, BB-10, BB-6, MCH4,
MC-3, MC-2, MC-5, BB—4, BB-3, and BB-2 are
located in areas not affected by point sources of nutri-
ents. The mean total phosphorus load computed for the
May 1995 sampling period at these sites was 0.52 kg/d.
By comparison, the computed total phosphorus load
downstream from the wastewater-treatment plant in the
Martin Creek subbasin, site MC-6, was 5.0 kg/d during
May 1995. The total phosphorus load computed for site

BB-9 downstream from the Gardner wastewater-treat-
ment plant was 9.0 kg/d during the May 1995 sampling
period. This comparison points out the effects of point
sources on total phosphorus loads within the Big Bull
Creek and Martin Creek subbasins during low flow.
Mean nutrient loads in the Little Bull Creek subba-
sin are smaller than those in the Big Bull Creek subba-
sin. The low-flow mean total phosphorus and dissolved
orthophosphate loads computed for the outlet site,
LB-1, in the Little Bull Creek subbasin were 0.44 and
0.16 kg/d, respectively (table 3). The nitrite plus nitrate
and total ammonia plus organic nitrogen loads, 5.9 and
3.4 kg/d, respectively (table 3), demonstrated the effect
of point-source discharges on the Little Bull Creek sub-
basin. Nutrient loads for the Little Bull Creek subbasin
are shown in figures 20 and 21. During May 1994, the
largest total phosphorus loads occurred at site LB-9
(fig. 20), and during August 1994, the largest nitrite
plus nitrate loads occurred at site LB—12 (fig. 21). Both
sites are downstream from point-source discharges.
Mean low-flow nutrient loads at the outlet sites of-
the Rock Creek, Wade Branch, and Smith Branch sub-
basins are listed in table 3. Because of the smaller
streamflow and the fact that there are no point sources
located in these subbasins, the mean low-flow nutrient
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loads were generally much smaller than those in the Runoff can cause substantial increases in nutrient
Big Bull Creek subbasin. Mean low-flow total phos- loads in the subbasins, and at times the nutrient loads at
phorus loads at the outlets of the Rock Creek, Wade sites not affected by point-source discharges may be

Branch, and Smith Branch subbasins were 0.48, 0.64, larger than at those sites affected by point-source dis-

and 0.07 kg/d, respectively (table 3). By comparison, charges. For example, during the March 1995 sampling

the mean low-flow total phosphorus load at site BB—1 period, the total phosphorus load at site LB-2 was

was 7.5 kg/d. 0.06 kg/d. The total phosphorus load computed at this
site during a runoff period, November 1994, was

28 Occurrence of Phosphorus, Other Nutrients, and Triazine Herbicides in Water From the Hilisdale Lake Basin, Northeast
Kansas, May 1994 Through May 1995



80 T I I i T T 1 I I I I | T T T T T°71 8
L MAY 23-26, 1994

60 |- -6

a0 4

80 T T T T T T T T T 1T T 1 117120
3 MARCH 7-10, 1995

60 |- - 15

40 - —410

(3]

N ©
o

AUGUST 15-17, 1994

I—FITIYYII\ZO

- OCTOBER 31-NOVEMBER 3, 1994

Loads of total nitrite plus nitrate and ammonia plus organic nitrogen as nitrogen, in kilograms per day

(€Y
A
NCe¢gRreyOYTRON T IO
TT T om0 0nnm
gggmmmmm§§§§§§§mmmm
Sampling site, in downstream order (fig. 1)

60 |- —15

Discharge, in cubic feet per second

3 MAY 9-12, 1995

60

-
o

Discharge, in cubic feet per second

40 - 10
20 5
OM 0

N -~ O

T

0 mom

[sa J='a s s

EXPLANATION

DA
6-9o
+—+

Discharge

Nitrite plus nitrate

Ammonia plus
organic nitrogen

x No flow

a Not sampled

Figure 19. Stream discharge and loads of total nitrite plus nitrate and ammonia plus organic nitrogen as nitrogen in Big Bull
Creek (BB) and Martin Creek (MC) subbasins, May 1994-May 1995,

46 kg/d. By comparison, the total phosphorus load
computed at site LB—12, downstream from a point
source, during the November 1994 sampling period
was 1.8 kg/d. The effects of runoff on nutrient loads in
the Little Bull Creek subbasin are reflected in the vari-
ability of the nutrient loads shown in figures 20 and 21.
For example, during November 1994, the total phos-
phorus and dissolved orthophosphate loads at the outlet

site of the Little Bull Creek subbasin (site LB—1) were
54 and 31 kg/d, respectively. The nitrogen nutrient
loads also were large at this site (fig. 21). By compari-
son, the total phosphorus and dissolved orthophosphate
loads at site LB—12, the site downstream from the point
source, were 1.8 and 0.81 kg/d, respectively.
It is impossible to make accurate projections of

annual low-flow nutrient loads from the subbasins with
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Figure 20. Stream discharge and loads of total phosphorus and dissolved orthophosphate in Little Bull Creek (LB) subbasin,

May 1994-May 1995.

this limited data set. The computed annual low-flow
total phosphorus loads are estimations and should only
be used for subbasin comparisons in a relative manner.
Mean low-flow total phosphorus loads at the outlet
sampling site for each subbasin were computed using a
mean total phosphorus concentration, the mean instan-
taneous discharge (streamflow) measured during sam-
ple collection, and equation 1. To compute annual
low-flow total phosphorus loads for each subbasin, the

number of days during the study period when low flow
occurred needs to be determined. For example, repre-
sentative low-flow discharge estimated for site LB—1
from flow-duration curves and streamflow
hydrographs was 2 cubic feet per second (fig. 2). The
number of days during the study period when the mean
daily discharge was less than or equal to 2 cubic feet
per second was 297 (Geiger and others, 1995; Putnam
and others, 1996). There was no way to determine the
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Figure 21. Stream discharge and loads of total nitrite plus nitrate and ammonia plus organic nitrogen as nitrogen in Little Bull

Creek (LB) subbasin, May 1994-May 1995.

number of low-flow days for the outlet sites in the
Wade Branch (site WB-1) and Smith Branch (SM-1)
subbasins because continuous streamflow data were
not collected. To include the Wade Branch and Smith
Branch subbasins in this analysis, it was assumed that
the low flow occurred every day during the study
period. Therefore, annual low-flow total phosphorus
loads for each subbasin were computed by multiplying
the mean low-flow total phosphorus load (table 3) by

365 days. Distribution of the total phosphorus load
over the entire drainage area for each subbasin (trans-
port rate) can be computed by dividing the estimated
annual low-flow phosphorus load by the drainage area
(in hectares). Results of these computations are sum-
marized in table 4.

The annual low-flow phosphorus load analysis
indicates that the Big Bull Creek subbasin, which
includes drainage from the Martin Creek subbasin,
contributed the largest annual low-flow phosphorus
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load, 2,740 kg/yr (table 4). The remaining subbasins
contributed far less annual phosphorus load during low
flow (table 4). In fact, the Little Bull Creek subbasin
and the Rock Creek subbasin, a subbasin not affected
by point sources, had similar annual low-flow phos-
phorus loads. The point sources in the Little Bull Creek
subbasin appeared to have less effect on phosphorus
loads than those point sources in the Big Bull Creek
subbasin. Comparison of the load per hectare (transport
rate) for each subbasin also shows that the Big Bull
Creek subbasin had the largest phosphorus contribu-
tion per unit drainage area. Wade Branch subbasin, a
subbasin with no point sources of total phosphorus, had
the second largest transport rate, 0.12 (kg/ha)/yr. This
indicates the presence of nonpoint-source contribu-
tions of total phosphorus in the subbasin.

OCCURRENCE OF TRIAZINE
HERBICIDES

Triazine herbicides are commonly used in agricul-
tural areas to control weeds on cropland. The MCL for
atrazine in drinking water is an annual mean of

Table 4. Estimated mean annual low-flow total
phosphorus loads in water from subbasin outlet
sampling sites in Hillsdale Lake Basin, northeast
Kansas, May 1994-March 1995

[Units of measurement: kg/yr, kilograms per year; ha, hectares; (kg/ha)/yr,
kilograms per hectare]

Total
Estimated phos-
annual phorus
low-flow trans-
total Drainage port rate
Subbasin phosphorus area (kg/ha)/
(fig. 1) load (kg/yr) (ha) yr
Big Bull Creek! 2,740 7,430 0.37
(site BB-1)
Rock Creek 175 4,090 .04
(site RC-1)
Little Bull Creek? 161 2,280 .07
(site LB-1)
Wade Branch 234 1,970 12
(site WB-1)
Smith Branch 22 570 .04
(site SM-1)

Uncludes Martin Creek subbasin drainage.
Runoff-affected samples collected during November 1994 from the
Little Bull Creek subbasin are not included.

3.0 pug/L. On the basis of GC/MS analyses, the domi-
nant triazine herbicide found in the Hillsdale Lake
Basin was atrazine. The largest mean triazine herbicide
concentrations were found in water samples collected
during May 1994 and May 1995 because herbicide
application occurred just prior to these periods.
Figures 22 and 23 show triazine herbicide concentra-
tions at selected sites during May 1994 and May 1995.
Triazine herbicide concentrations generally were small
during the August 1994, November 1994, and March
1995 sampling periods. Mean triazine herbicide con-
centrations in all of the subbasins are summarized in
table 5.

Big Bull Creek and Martin Creek
Subbasins

Graphs of triazine herbicide concentrations in the
Big Bull Creek subbasin are shown in figure 24. Triaz-
ine herbicide concentrations in water samples collected
from this subbasin ranged from less than 0.10 pg/L
(site BB—4 during November 1994 and sites MC—4,
MC-3, BB—4, BB-3, and BB-2 during March 1995) to
15 pg/L (site BB-11 during May 1994). During
May 1994, 10 of 17 sites sampled had triazine herbi-
cide concentrations larger than the MCL for atrazine,
annual mean of 3.0 pg/L. Triazine herbicide concentra-
tions in water at all sites during November 1994 and
March 1995 were less than the MCL. During the
May 1995 sampling period, 7 of the 19 sites sampled
had triazine herbicide concentrations larger than
the MCL.

Rock Creek Subbasin

Triazine herbicide concentrations for the Rock
Creek subbasin are shown in figure 25. There was no
flow at all of the sampling sites during the August 1994
sampling period. Triazine herbicide concentrations in
water samples collected from this subbasin ranged
from less than 0.10 ng/L (sites RC-5 and RC-2 during
March 1995) to 8.2 ug/L at site RC—S5 during
May 1995. The largest herbicide concentrations were
detected in samples collected during May 1994 and
May 1995. During May 1994, five of six sites sampled
had triazine herbicide concentrations larger than the
MCL for atrazine, annual mean of 3.0 ng/L. Analyses
of samples collected during November 1994 and
March 1995 show that all sites had triazine herbicide
concentrations less than the MCL. During May 1995,
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Table 5. Mean concentrations of triazine herbicides in
water samples collected from Hiilsdale Lake Basin,
northeast Kansas, May 1994-May 1995

[Values are mean triazine herbicide concentrations in micrograms per liter.
<, less than]

Subbasin (fig. 1)

Big Little

Sampling Bull Rock Bull Wade Smith

period  Creek! Creek Creek Branch Branch
May 1994 4.5 6.4 31 1.2 0.44
August 1994 2.3 @ 19 @ @
November 12 22 .52 1.6 .16
1994

March 1995 .50 .16 98 <10 <10
May 1995 3.0 4.4 1.6 3.2 <.10

'Includes Martin Creek subbasin drainage.
2No flow during sampling.

five of six sites sampled had concentrations of triazine
herbicide in water larger than the MCL. Rock Creek
subbasin had the largest mean triazine herbicide con-
centrations during May 1994 and May 1995 (see
table 5).

Little Bull Creek Subbasin

Triazine herbicide concentrations in water samples
collected from the Little Bull Creek subbasin are
shown in figure 26. Triazine herbicide concentrations
in water samples collected from this subbasin ranged
from 0.10 ug/L at sites LB—6 and LB-10 during
November 1994 to 8.7 ug/L at site LB—6 during
May 1994. During May 1994, 4 of 10 sites sampled in
the Little Bull Creek subbasin had triazine herbicide
concentrations larger than the MCL for atrazine, annual
mean of 3.0 ug/L. Only 1 of 11 sites sampled during
August 1994 had triazine herbicide concentrations
larger than the MCL. Water samples analyzed for the
November 1994 and March 1995 sampling periods had
no triazine herbicide concentrations larger than the
MCL. During May 1995, only 1 of 12 sites sampled
had triazine herbicide concentrations larger than the
MCL.

Wade Branch and Smith Branch
Subbasins

Triazine herbicide concentrations for the Wade
Branch subbasin are shown in figure 27. There was no

flow in the Wade Branch subbasin during the

August 1994 sampling period. Triazine herbicide con-
centrations in water samples collected from this subba-
sin ranged from less than 0.10 ug/L at all sites during
March 1995 to 4.8 pg/L at site WB—4 during

May 1995. Water samples collected during May 1994
and March 1995 had triazine herbicide concentrations
less than the MCL for atrazine, annual mean of

3.0 ug/L. During November 1994, one of four sites
sampled had triazine herbicide concentrations larger
than the MCL, and during May 1995, two of four sites
had triazine herbicide concentrations larger than the
MCL. Analyses from samples collected at all sites in
the Smith Branch subbasin show that all water samples
had triazine herbicide concentrations less than the
3.0-ug/L MCL for atrazine.

Miscellaneous Sampling Sites

Water samples for the determination of triazine
herbicide concentrations were collected downstream
from Hillsdale Lake at site BB—13 (fig. 1). This site is
located 1,850 feet downstream from Hillsdale Dam,
and it is assumed that samples collected at this site are
representative of water from Hillsdale Lake. Triazine
herbicide concentrations in water samples collected at
this site exceeded the value of the MCL for atrazine not
only during May 1994 but also during August 1994 and
March 1995 (fig. 28). The triazine herbicide concentra-
tion in water from site BB—13 during November 1994
was 2.6 jig/L. These data show that herbicides were
transported to Hillsdale Lake and may remain at con-
centrations larger than the value of the MCL through-
out the year.

Samples for triazine herbicide analysis also were
collected at sites SPG-1, UNK-1, and SCT-1 (fig. 1).
These sites all had concentrations less than the value of
the MCL for atrazine in water. The largest triazine her-
bicide concentration, 2.4 pug/L, was found in samples
collected from site SCT—1 during May 1994.

Triazine herbicide concentration data collected for
this study should only be used as a guide for indicating
problem areas in the Hillsdale Lake Basin. Triazine
herbicide loads are not presented because the loads
were very small. For example, using equation 1 and an
appropriate conversion factor for concentration, the
daily triazine herbicide load at site BB—12 (uppermost
sampling site in Big Bull Creek subbasin) during
March 1995 was 0.002 kg/d. The triazine herbicide
concentration for this sample was 15.0 ug/L, one of the
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Figure 24. Concentrations of triazine herbicides in Big Bull Creek (BB) and Martin Creek (MC) subbasins, May 1994-
May 1995.
largest concentrations of all samples collected. The tri- SUMMARY AND CONCLUSIONS
azine herbicide load at the outlet site of Big Bull Creek ) o
subbasin, site BB-1, during March 1995 was 0.06 kg/d. An investigation of the occurrence of phosphorus,
It can be assumed that transport of herbicides into other nutrients, and triazine herbicides in water sam-
Hillsdale Lake was minor during low flow ples from the Hillsdale Lake Basin in northeast Kansas

was conducted from May 1994 through May 1995.
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Figure 25. Concentrations of triazine herbicides in Rock Creek (RC) subbasin, May 1994-May 1995.

Point-source and nonpoint-source contributions of the
water-quality constituents were estimated by conduct-
ing synoptic sampling at 48 sites in the basin during
five low-flow periods. Samples for the determination of
nutrients, including total phosphorus as phosphorus,
dissolved orthophosphate as phosphorus, total nitrite
plus nitrate as nitrogen, and total ammonia plus organic

nitrogen as nitrogen, and for triazine herbicides were
collected.

Discussed in this report were results of constituent
concentrations and loads for samples collected during
low flow. Low flow occurred during many days in the
Hillsdale Basin but accounted for only a small percent-
age of total flow for the year. Therefore, contributions
of constituent loads to Hillsdale Lake are probably
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Figure 26. Concentrations of triazine herbicides in Little Bull Creek (LB) subbasin, May 1994-May 1995.

minimal during low flow compared to loads contrib-
uted during runoff-affected periods.
Total phosphorus concentrations routinely

exceeded the 0.05-mg/L annual low-flow criterion pro-

posed by the Hillsdale Water-Quality Protection
Project. Of the 44 sites sampled during low flow,

95 percent of the sites had low-flow total phosphorus

concentrations larger than the 0.05-mg/L criterion. In
fact, nearly 32 percent of the sites sampled during low
flow had mean low-flow total phosphorus concentra-
tions larger than the criterion established for runoff
mean concentration, 0.40 mg/L. The largest mean
low-flow total phosphorus concentration occurred at
site BB-9 in the Big Bull Creek subbasin, 4.9 mg/L.
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Figure 27. Concentrations of triazine herbicides in Wade Branch (WB) subbasin, May 1994-May 1995.

Total phosphorus concentrations in the Rock Creek,
Wade Branch, and Smith Branch subbasins were small;
however, nearly all watetr samples collected in these
subbasins had total phosphorus concentrations larger
than the 0.05-mg/L criterion. Methods and techniques
for managing the nonpoint sources of nutrients will
need to be considered in order to achieve the total phos-

phorus criterion proposed by the Hillsdale Water-Qual-
ity Protection Project.

There appeared to be no significant seasonal varia-
tions in nutrient concentrations among subbasins,
except during periods of very low flow. In the Big Bull
Creek subbasin, the largest median total phosphorus
concentrations occurred during August 1994. During
this low-flow period, many of the tributaries in the non-
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Figure 28. Concentrations of triazine herbicides at sampling site BB—13, located downstream from

Hillsdale Dam, May 1994-May 1995.

point-source subbasin were not flowing. As the non-
point-source tributaries dry up, the point sources
dominate the stream system, resulting in larger total
phosphorus concentrations.

The Big Bull Creek subbasin had the largest mean
total phosphorus, nitrite plus nitrate, and total ammonia
loads. The mean low-flow total phosphorus load for all
sampling periods at the Big Bull Creek outlet site
(site BB—1) was 7.5 kg/d. Mean low-flow total phos-
phorus loads in the Rock Creek, Little Bull Creek,
Wade Branch, and Smith Branch subbasins were less
than 1.0 kg/d. Because of the absence of point-source
discharges, it is believed that nutrients in the Rock
Creek, Wade Branch, and Smith Branch subbasins
were contributed by nonpoint sources. Runoff can
cause substantial increases in nutrient loads in the sub-
basins, and at times, sites not affected by point-source
discharges had nutrient loads greater than those
affected by point-source discharges.

Annual low-flow phosphorus load analysis indi-
cated that the Big Bull Creek subbasin, which includes
drainage from the Martin Creek subbasin, contributes

the largest annual low-flow phosphorus load,

2,740 kg/yr. The remaining subbasins contribute far
less annual phosphorus load during low flow. The Little
Bull Creek subbasin and the Wade Branch subbasin, a
subbasin not affected by point-source discharges, had
similar annual low-flow phosphorus loads, 161 and
175 kg/yr, respectively. Point-source discharges
appeared to have less effect on phosphorus loads in the
Little Bull Creek subbasin than in the Big Bull Creek
subbasin. Comparison of the total phosphorus transport
rate (kilograms per hectare per year) for each subbasin
showed that the Big Bull Creek subbasin had the larg-
est phosphorus contribution per unit drainage area,
0.37 (kg/ha)/yr. Wade Branch subbasin, a subbasin
with no point sources, had the second largest transport
rate, 0.12 (kg/ha)/yr. This indicates the presence of
nonpoint-source contributions of total phosphorus in
this subbasin.

The largest mean triazine herbicide concentrations
in water samples occurred during the May 1994 and
1995 sampling periods because herbicides were
applied prior to these periods. During May 1994, 10 of
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the 17 sites sampled in the Big Bull Creek subbasin had
triazine herbicide concentrations larger than the MCL
for atrazine (annual mean of 3.0 pg/L). In the Rock
Creek subbasin, five of the six sites sampled during
May 1994 had triazine herbicide concentrations larger
than the MCL for atrazine. In the Little Bull Creek sub-
basin, 4 of the 10 sites sampled during May 1994 had
triazine herbicide concentrations larger than the MCL.
During May 1995, 7 of 19 sites sampled in the Big Bull
Creek subbasin had triazine herbicide concentrations
larger than the MCL for atrazine. The Rock Creek sub-
basin had triazine herbicide concentrations larger than
the MCL in water from five of the six sites sampled
during May 1995. In the Little Bull Creek subbasin, 1
of the 12 sites sampled during May 1995 had triazine
herbicide concentrations larger than the MCL for atra-
zine, and the Wade Branch subbasin had concentrations
larger than the MCL at two of the four sites sampled.
Water samples collected during May 1994 and

May 1995 in the Rock Creek subbasin had the largest
mean triazine herbicide concentrations.

Water samples for determination of triazine herbi-
cides also were collected at site BB—13, located down-
stream from Hillsdale Dam. Triazine herbicide
concentrations in water samples collected at this site
exceeded the MCL not only during May 1994 but also
during August 1994 and March 1995. The triazine her-
bicide concentration in water from this site during
November 1994 was 2.6 ug/L. The lake appears to
store the herbicides, and it takes some time for the her-
bicides to move through the lake. The data show that
herbicides are transported to Hillsdale Lake and
remained at concentrations larger than the MCL
throughout the year.
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