



































Table 3. Sampling sites at Rathbun Reservoir, lowa, Clinton
and Pomona Lakes, Kansas, and Harlan County Reservoir,
Nebraska

[*, Fecal coliform only; +, all constituents including fecal coliform]

Site code
Reservoir or lake Reservoir Inflow Outflow
Rathbun (fig. 2) RA-3, RA-7, RA-12, RA-28
RA-8, RA-16%, RA-15+
RA-18%, RA-20*,
RA-31*
Clinton (fig. 3)  CL-2, CL-6, CL-16 CL-~1
CL-13, CL-20,
CL-22*, CL-23%*,
CL-24*
Pomona (fig. 4) PO-3,PO-7, PO-11 PO-2
PO-12, PO-16%*,
PO-17%, PO-18%,
PO-19%
Harlan County HC-2, HCH4, HC-8 HC-1
(fig. 5) HC-7, HC-12%,

HC-13%*, HC-14*,
HC-15%, HC-16%,
HC-17*

Water samples for fecal coliform analysis were
collected at specified sites on the reservoirs (table 3).
These samples were collected at a depth of 0.1 m
(0.3 ft) or less. Samples were collected as described in
the section on “Inflow and Outflow Sampling.”

Samples for herbicide analysis were collected in
a 500-mL graduated cylinder at a depth of 0.1 m
(0.33 ft). Samples for herbicide analysis from 1 m
(3.3 ft) above the bottom of the reservoir were
collected using the Teflon Kemmerer sampler and
transferred to a graduated cylinder.

Water samples for chlorophyll-a and -b analysis
were collected at reservoir sites (table 3). A sampler
was constructed from a 4.5-m (15-ft) length of 1.25-in.
inside-diameter PVC pipe, with a ball-check valve
mounted in one end of the pipe. Samples were
collected by holding the sampler in a vertical position
so that the ball-check valve was on the bottom and
then lowering the sampler until the bottom of the
sampler reached the desired depth at the bottom of the
photic zone (1-percent light-penetration depth). When
the sampler was removed from the water, it was tipped
so that the water in the sampler poured out the open
end and into a clean churn splitter used exclusively for
chlorophyll samples. This process was repeated until
the churn splitter contained approximately 7 L. The
chlorophyll samples were processed (this process is
discussed in the sample processing and preservation

section), the remaining water was discarded, and the
churn was used for the collection of the water sample
at the 0.1-m (0.33 ft) depth.

Subsamples were collected from the churn
splitter during sample processing for analysis of
additional chemical properties or constituents at the
USGS laboratory in Arvada, Colo. The methods used
for collection, processing, preservation, and analysis
of subsamples are described in a later section of this
report.

Onsite Sample Processing and Preservation
for Laboratory

Water samples were processed and preserved in
a mobile water-quality laboratory. PVC gloves were
worn at all times during sample processing and
preservation. Raw, unfiltered subsamples (total and
total recoverable) were collected from the churn
splitter, after mixing for 15 seconds, for later analysis
at the USGS laboratory for turbidity, COD, alkalinity,
TSS, major ions, nutrients (nitrogen and phosphorous
species), selected trace metals, and TOC. All bottles
were rinsed with sample water and then filled, except
for COD, TOC, and herbicide bottles. COD, TOC, and
herbicide bottles were sterilized because rinsing the
bottles may contaminate the samples. After the bottles
were filled, they were set aside to be preserved. The
water remaining in the churn splitter was used for
filtered samples.

A preservation chamber was used to reduce
potential ambient air contamination from dust during
the sample-preservation process. The preservation
chamber was about 1.5 ft wide, 0.75 ft high, 1.5 ft
deep, and lined with a clear plastic bag. The samples
and preservation ampuies were placed inside the
chamber. The caps were removed from the bottles, and
the preservatives were added to the samples in the
following order: nitric acid, sulfuric acid, and
mercuric chloride. The caps were replaced on the
bottles, the samples were removed from the chamber,
and placed in a cooler. The clear plastic bag and PVC
gloves were discarded between preservatives and
between sample sets.

Turbidity samples were collected from the churn
splitter in a 250-mL polyethylene bottle and sent to the
USGS laboratory in Arvada, Colo., for analysis. COD
samples were collected in 125-mL baked- (at 450 °C)
glass amber bottles, 1 mL of concentrated sulfuric acid
was added, and the samples were chilled and main-
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tained at 4 °C until they were submitted to the
laboratory for analysis. Samples for total and total-
recoverable metals (calcium, magnesium, sodium,
iron, manganese, and zinc) were collected in a 250-mL
nitric acid-rinsed polyethylene bottle and preserved
with 1 mL of concentrated nitric acid. TSS samples
were collected in a 500-mL polyethylene bottle and
sent to the laboratory for analysis. Total nutrient
samples (total ammonia plus organic nitrogen and
total phosphorous) were collected in a 125-mL brown
polyethylene bottle. The samples were preserved with
0.5 mL of mercuric chloride, added as a biocide, and
then chilled and maintained at 4 °C until analysis at
the laboratory. TOC samples were collected in a
125-mL baked-glass amber bottle and chilled and
maintained at 4 °C until analysis at the USGS
laboratory.

Samples analyzed for filtered (dissolved)
constituents were filtered using a peristaltic pump as a
pressure source and a reservoir-dedicated 0.25-in.
diameter silicon hose to pump the sample water from
the churn splitter through a disposable 0.45-[Um
(micrometer) capsule filter. The bottles were filled
inside a clean processing chamber to reduce possible
ambient air contamination. The processing chamber
consisted of a 1.5 ft by 1.5 ft by 1.5 ft PVC frame and
a clear plastic bag. A silicon hose was inserted through
a hole at the top of the chamber, and the disposable
capsule filter was connected to the end of the hose. A
hole in the bottom of the chamber allowed excess
water to escape. The filter was conditioned with 1 L of
deionized water [specific conductance less than
1 uS/cm (microsiemen per centimeter at 25 °C)],
followed by 200 mL of sample water. Sample bottles
were rinsed and filled inside the chamber. Sample
bottles for filtered metal analysis were filled first,
followed by bottles used for anions and nutrients.
When filtering was completed, the caps of the bottles
were replaced. A new plastic bag and capsule filter
were installed between each sample process. Silicon
tubing, dedicated to each reservoir, was cleaned
between site visits with detergent and diluted
hydrochloric acid.

To determine concentrations of filtered (dis-
solved) anions (suifate and chloride), nutrients (nitrite,
nitrite plus nitrate, ammonia, and orthophosphate),
and selected metals (iron, manganese, and zinc),
samples were processed and preserved in the mobile
water-quality laboratory and were sent to the USGS
laboratory for analysis. Samples for analysis of metals

were collected in acid-rinsed, 250-mL polyethylene
bottles. These samples were preserved with 1 mL of
concentrated nitric acid to adjust the pH to less than
2.0 standard units. Anion samples were collected in
250-mL polyethylene bottles. Dissolved nutrient
samples were collected in 125-mL brown polyethy-
lene bottle, preserved with 0.5 mL of mercuric
chloride, and chilled and maintained at 4 °C until
analyzed at the USGS laboratory. All samples were
processed and preserved within 6 hours of sample
collection and were sent to the USGS laboratory in
Arvada, Colorado, within 5 days.

Herbicide samples filtered through a 0.7-pm
glass-fiber filter using a peristaltic pump and a vacuum
flask. The vacuum flask was rinsed with methanol
prior to use. The filter and flask were rinsed with
250 mL of sample water, and the filtrate was
discarded. After rinsing, about 250 mL of sample
water were filtered, and two 125-mL baked-glass
amber bottles were filled with filtrate and chilled and
maintained at 4 °C until analyzed.

A known volume (100, 250, 500, or 1,000 mL)
of water from the churn splitter was filtered through a
0.7-um glass fiber filter for analysis of the chloro-
phyll-a and -b concentrations. The filters were
removed with stainless-steel forceps, folded in half,
placed in petri dishes, wrapped in aluminum foil, and
frozen until analysis at the laboratory. A split sample
was filtered at each site to ensure that there was a
sufficient amount of chlorophyll for analysis.

Onsite Analysis

Physical and chemical properties determined at
the time of or within 6 hours of sample collection were
reservoir water-surface elevation, stream discharge,
stream stage, specific conductance, pH, water
temperature, transparency (secchi disk and 1-percent
light-penetration depth), barometric pressure, DO,
fecal coliform, and alkalinity (including bicarbonate
and carbonate). These physical and chemical proper-
ties were determined using methods described by
Ward and Harr (1990) and Wells and others (1990).

The USGS has reservoir-gaging stations at the
dams of all four reservoirs that continuously record the
elevation of the water surface. The water-surface
elevation at the time of sample collection was noted.

Discharge at each stream sampling site, except
for site RA-12 on the South Fork Chariton River in
Iowa (fig. 2), was determined using data from nearby
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USGS streamflow-gaging stations. At these gaging
stations, data are collected to generate rating curves
that establish a relation between the discharge and the
stage of a stream. Before sample collection, the dis-
charge of the stream at the sampling site was estimated
from the gaging-station rating curve. Before sampling
at site RA—12 where no USGS gaging station exists,
the stream discharge was measured using methods
described by Buchanan and Somers (1969).

Specific conductance, pH, water temperature,
and DO were measured using a multiparameter
analysis unit. The unit was calibrated using standard
solutions with approximately the same property and
constituent values as the sampled water. The specific
conductance, pH, and DO were compensated for
temperature and expressed in microsiemens per
centimeter at 25 °C, standard units, and milligrams per
liter, respectively. A thermistor measured water
temperature to the nearest 0.5 °C. Barometric pressure
was measured with a calibrated barometer.

Water transparency was determined using two
different instruments—a secchi disk and a photometer.
The secchi disk is a 20-cm (centimeter) (7.9-in.)
diameter disk. The painted surface of the disk is
divided into black and white quarters. The disk was
lowered into the reservoir to a depth at which the disk
disappeared and then raised until the disk reappeared.
The mean depth of the point where the disk disap-
peared and appeared was recorded. The photometer
consists of a sensor, cord, and meter. The sensor
detects light and sends a signal to the meter, which
displays the amount of light detected. First, the
amount of light above the water surface was measured
and recorded. One percent of this amount was calcu-
lated and recorded. The sensor then was lowered into
the water until the meter reading was 1 percent of the
reading above the water surface, and that depth was
recorded.

To determine fecal coliform concentrations,
sterilized filter holders and sterile 0.65-m mem-
branes were used to remove the fecal coliform bacteria
from the water sample. A blank sample of sterile
buffer water was filtered before filtering each sample.
Predetermined sample volumes (1, 3, 10, 30, and
100 mL) were filtered through individual filters. After
the 100-mL sample was filtered, the equipment was
cleaned with sterile buffer water, and an end sample
blank was processed. The filters from the sample
blank and the sample volumes were placed in a petri
dish on a surface of M-FC media agar. The agar-filled

petri dishes were prepared within 72 hours of
processing and were stored at 4 °C until they were
used. The petri dishes with the agar and filter were
incubated at 44.0 0.5 °C for 22 to 24 hours. The fecal
coliform bacteria colonies were counted and reported
as total colonies per 100 mL of water. Colony counts
outside of the range of 20 to 60 colonies per 100 mL
were reported as nonideal counts.

Alkalinity measurements were made within
6 hours of sample collection using a portable pH
meter, a titrator, and a magnetic stirrer. Increments of
0.16 normal sulfuric acid were added to 50 mL of
unfiltered sample water until the pH reached a value
of less than 4.0. The increments of acid and the
corresponding pH were recorded. The alkalinity,
bicarbonate, and carbonate concentrations were
calculated using methods described by Wells and
others (1990). The incremental titration endpoint
usually was at a pH value of about 4.5. Each sample
was analyzed at least twice, and values were required
to be within 4 percent before the value was reported.

Laboratory Analysis

Samples were analyzed for concentrations of the
remaining properties and constituents at the USGS
laboratory (NWQL) in Arvada, Colorado (Wershaw
and others, 1987; Britton and Greeson, 1989; Fishman
and Friedman, 1989). Samples were analyzed for
concentrations of triazine herbicides by ELISA and
GC/MS at the USGS laboratory in Lawrence, Kansas
(Thurman and others, 1990; Pomes and Thurman,
1991).

The turbidity of samples was determined using
method I-3860-85 (Fishman and Friedman, 1989).
This method is based on a comparison of the intensity
of light scattered by a sample with intensity of light
scattered by a standard reference suspension under the
same defined conditions. Results are reported in
nephelometric turbidity units (NTU).

COD concentrations were determined using
method I-3561-85 (Fishman and Friedman, 1989). An
acid-dichromate solution is used to oxidize organic
and other oxidizable materials by digestion in the
presence of silver sulfate. By measuring the absorb-
ance of the chromium that is formed, the concentration
of COD is determined spectrometrically.

Total-recoverable concentrations of calcium,
magnesium, and sodium were determined using
methods described by Fishman and Friedman (1989).
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Total-recoverable calcium and magnesium were
determined by methods I-3152-85 and [-3447-85,
respectively. To mask interferences, lanthanum
chloride was added in each method. Total-recoverable
sodium was determined by method I-3735-85, which
involves direct aspiration of the sample solution into
an air-acetylene flame.

Suifate and chloride concentrations were
determined using method I-2057-85 (Fishman and
Friedman, 1989). This method determines six anions
sequentially by ion-exchange chromatography. Ions
are separated on the basis of their affinity for the
exchange sites on the host resin. Using an electrical-
conductivity cell, separated anions were measured in
the acid form.

Total suspended solids (TSS) were determined
using method -3765-85 (Fishman and Friedman,
1989). TSS are those solids that are retained on a
glass-fiber filter. The insoluble residue was dried at
105 °C.

Samples were analyzed for concentrations of
dissolved nitrite and dissolved nitrite plus dissolved
nitrate, both as nitrogen, using methods 1-2540-90
and I-2545-90. Nitrite ion under acidic conditions
reacts with sulfanilamide to form a diazo compound.
This compound then coupies with N-1-naphthylethy-
lenediamine dihydrochloride to form a red compound,
the absorbance of which is measured colorimetrically.
Nitrite plus nitrate was determined by the same
method after the nitrate was reduced to nitrite by a
copper-cadmium column.

Samples were analyzed for concentrations of
ammonia using method 1-2522-90. Ammonia in the
sample reacts with sodium nitroprusside, sodium
hypochlorite, and sodium salicylate in an alkaline
medium to form an intensely colored compound. The
concentration of ammonia present is directly
proportional to the resulting color.

Concentrations of total ammonia plus organic
nitrogen were determined using method I-4515-91
(Fishman, 1993). Organic nitrogen compounds are
reduced to the ammonium ion by digestion with
sulfuric acid in the presence of mercuric sulfate (a
catalyst) and potassium sulfate. The ammonium ion
produced, as well as the original ammonium ion
present, is determined by reaction with sodium
salicylate, sodium nitroprusside, and sodium hypo-
chiorite in an alkaline medium. The concentration of
ammonia plus organic nitrogen present is directly
proportional to the resulting color.

Total phosphorous as phosphorous concentra-
tions were determined using method [-4610-91
(Patton and Truit, 1992). Organic phosphorous
compounds are reduced to orthophosphate by
digestion with sulfuric acid in the presence of
mercuric sulfate (a catalyst) and potassium sulfate.
The orthophosphate produced, as well as the original
orthophosphate present, is determined by reaction
with sodium salicylate, sodium nitroprusside, and
sodium hypochlorite in an alkaline medium. The
concentration of phosphorous present is directly
proportional to the resulting color.

Dissolved orthophosphate as phosphate concen-
trations were determined using method I-2601-90. An
acidified ammonium molybdate reagent converts
orthophosphate to phosphomolybdic. The phospho-
molybdic is reduced with ascorbic acid in the presence
of antimony, producing an intense blue color.

Total-recoverable concentrations of iron,
manganese, and zinc were analyzed using methods
1-3381-85, I-3454-85, and I-3900-85, respectively.
Dissolved concentrations of iron, manganese, and
zinc were analyzed at the NWQL using methods
I-1381-85, I-1454-85, and I-1900-85, respectively.
Concentrations of these constituents were determined
by atomic absorption spectrometry, which involves
direct aspiration of the sample solution into an air-
acetylene flame. For manganese analysis, the sample
is aspirated into the air-acetylene flame without
preconcentration or pretreatment.

TOC concentrations were determined at the
NWQL using method O-3100-83 (wet oxidation)
(Wershaw and others, 1987). The acidified sample is
purged to remove forms of inorganic carbon and
oxidized with persulfate in an autoclave at 116 to
130 °C. Nondispersive infrared spectrometry
measures the resultant carbon dioxide.

Total triazine herbicide concentrations in water
samples were determined at the USGS laboratory in
Lawrence, Kansas, by enzyme-linked immunosorbent
assay (ELISA) (Pomes and Thurman, 1991). The
method used by Thurman and others (1990) was
repeated with minor differences. The microtiter-plate
kits consist of 96 individual wells coated with
polyclonal antibodies. Eighty microliters of sample
blanks, atrazine standards, or water samples were
placed in each well. Deionized water was used for the
sample bianks, and atrazine standard concentrations
were 0.1, 0.5, and 5.0 pg/L. (micrograms per liter).
Immediately, 80 pL (microliters) of enzyme conjugate
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were added to each of the wells. The plates were
incubated simultaneously at 35 °C and mixed on an
orbital shaker for 1 hour. The plate wells were gently
emptied, rinsed, and dried, without disturbing the
bound media. Next, 160 pL of substrate-chromogen
mixture were added to each well. The plate was
incubated and shaken for an additional 30 minutes.
This step produced a blue color in each well, with a
shade proportional to the triazine concentration of the
sample. A yellow color is produced with the addition
of 40 puL of 2.5 normal sulfuric acid. Then the micro-
titer plate was inserted into a plate reader. The plate
reader consisted of a spectrophotometer that measured
the optical density of each well simultaneously. The
optical density output from the plate reader was
processed by a computer to calculate triazine
concentrations. Concentrations were reported in
micrograms per liter as atrazine. This method cross
reacts with all of the triazine herbicides (Pomes and
Thurman, 1991).

Filtered triazine and acetanilide herbicide
concentrations were determined by gas chroma-
tography/mass spectrometry (GC/MS) at the USGS
laboratory in Lawrence, Kansas (Thurman and others,
1990). Samples were extracted onto cartridges and
eluted with ethyl acetate. The solutions were evapo-
rated to 100 pL and analyzed on a gas chromatograph
and a mass-selective detector.

Chlorophyll-a and -b concentrations were
determined at the NWQL using method B-6540-85
(Britton and Greeson, 1989). This method extracts
chlorophyll from algal cells and separates them from
each other and chlorophyll degradation products by
thin-layer chromatography. Chlorophyll is eluted and
measured using a spectrofluorometer.

Quality Assurance

A duplicate sample was collected at each
reservoir for each sampling period. A sample blank
and a set of reference water samples were analyzed for
each of the two sampling periods. Duplicate split
samples were subsamples from the churn splitter and
were processed, preserved, and analyzed using the
same methods as the actual samples. During the first
sampling, deionized water was used for the sample
blank; certified inorganic and organic blank water was
used for the second sample blank. The samplers were
filled with blank water, emptied into the churn splitter,
and processed, preserved, and analyzed using the same

methods for actual samples. Reference water samples
were obtained from the USGS NWQL in Arvada,
Colorado. Spike mixtures were added to organic blank
water as a reference sample for herbicide analyses.
These samples were furnished with the most probable
value of the concentration for each constituent
analyzed. Bottles for the selected constituents were
filled with the reference water sample, processed,
preserved, and analyzed using the same methods for
actual samples. Results of these quality-assurance
samples are presented in tables 4-7 at the end of this
report.

SUMMARY OF WATER-QUALITY
CONDITIONS

Results of analyses are summarized in the
following paragraphs for each reservoir sampled.
Discussion and presentation of the data in tables 4-7
at the end of this report are arranged in order by sites
from upstream to downstream and by sample depth.
Data for the vertical profiles of specific conductance,
pH, water temperature, and DO are presented in
tables 811 at the end of this report and for the sites in
each of the reservoirs nearest the dam in figure 6.

Rathbun Reservoir, lowa

Water samples from Rathbun Reservoir were
collected from inflow, reservoir, and the outflow sites
in early June and again in early August 1993 (table 4).
Precipitation from May through August 1993 at
Rathbun Reservoir was 12.62 in. more than the long-
term mean precipitation during these same months at
Centerville, Iowa (National Oceanic and Atmospheric
Administration, 1951-80, table 1). The elevation of
the reservoir water surface as measured at the dam was
9 ft above multipurpose-pool elevation (904 ft) at
about 913 ft in June (table 4), and at the flood-control-
pool elevation (926 ft) in August. Water at reservoir
sampling site RA-3 was thermally stratified in August
(fig. 6 and table 8).

Stage and flow conditions were above average
at the Chariton River site (RA-15) (Southard and
others, 1994) and the South Fork Chariton River site
(RA-12) (Fischer and others, 1990) in June and
August 1993 (table 4). Turbidity, COD, fecal coliform,
TSS, total nitrogen, total-recoverable iron, total-
recoverable manganese, and TOC concentrations for
the two stream sites were largest in June. Fecal coli-
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form concentrations ranged from 1 to 610 cols/100 mL
(colonies per 100 milliliters) and were largest at the
inflow site RA-15 in June. ELISA total triazine
herbicide concentrations, reported as atrazine, also
were largest in samples collected in June and exceeded
the U.S. Environmental Protection Agency (EPA)
Maximum Contaminant Level (MCL) of 3.0 pg/L for
atrazine in drinking water (U.S. Environmental Pro-
tection Agency, 1993) in samples from sites RA-15
and RA-12. The maximum concentration was 19 pug/L
in water from site RA-12. Atrazine, cyanazine, and
metolachlor were detected by GC/MS analysis at
concentrations of 1.1, 1.2, and 0.24 pg/L, respectively,
in water from site RA-15 in August. Atrazine, cyana-
zine, and metolachlor were detected at concentrations
of 0.67, 0.42, and 0.17 pg/L, respectively, in water
from site RA-12 in August. The cyanazine concentra-
tion in the water sample from site RA-15 in August
exceeded the EPA lifetime Health Advisory Level
(HAL) of 1.0 ug/L (U.S. Environmental Protection
Agency, 1993).

At reservoir sites RA-7, RA-8, and RA-3,
turbidity, COD, TSS, total-recoverable iron, and TOC
concentrations were largest in samples collected in
June. The largest ELISA total triazine herbicide
concentration, reported as atrazine, was 15 pg/L in
water from site RA-8 in June. The smallest ELISA
total triazine herbicide concentration, reported as
atrazine, was 0.6 [Lg/L in water from reservoir sites
RA-3 and RA-7 in June. Total triazine samples
collected in June and August at sites RA-7 and RA-8
and at site RA-3 in August exceeded the EPA MCL of
3.0 ng/L for atrazine in drinking water. Samples
analyzed for cyanazine concentrations by GC/MS in
August exceeded the EPA HAL of 1.0 pg/L for
cyanazine in water from reservoir sites RA-7, RA-8,
and RA-3. Other herbicides detected in water samples
were alachlor and metolachlor, but concentrations
were less than EPA MCLs and HALSs for these
herbicides. The maximum chlorophyll-a concentration
was 41 pg/L in water from reservoir site RA-3 in
August. The minimum chlorophyll-a concentration
was 1.8 lg/L in water from reservoir site RA-3 in
June.

Fecal coliform samples were collected in
Rathbun Reservoir near swimming beaches and
marinas at sites RA-20, RA-18, RA-16, and RA-31.
Fecal coliform concentrations in samples from these
sites ranged from 1 to 200 cols/100 mL of water and
were largest in June.

At the reservoir outflow site (RA-28), the flow
was 11 ft3/s in June and 1,200 ft*/s in August. The
largest turbidity and concentrations of TSS, total-
recoverable iron, total-recoverable manganese, and
TOC occurred in June. The outflow sample from
Rathbun Reservoir had an atrazine concentration of
2.9 pg/L in August and also exceeded the EPA HAL of
1.0 ug/L for cyanazine. Alachlor (0.13 pg/L), atrazine
(2.9 pg/L), cyanazine (3.7 pg/L), and metolachlor
(0.47 ng/L) concentrations were detected by GC/MS
analysis in samples collected from site RA-28 in
August.

Clinton Lake, Kansas

Water samples from Clinton Lake were
collected from inflow, reservoir, and outflow sites in
late May and mid-July 1993 (table 5). Precipitation
from May through August 1993 at Clinton Lake was
10.30 in. more than the long-term mean precipitation
during these months at Lawrence, Kansas (National
Oceanic and Atmospheric Administration, 1951-80,
table 1). The elevation of the reservoir water surface
as measured at the dam was 6.5 ft above multipurpose-
pool elevation (875.5 ft) at about 882 ft in May and
was 4.5 ft above multipurpose-pool elevation at 880 ft
in July. Water at reservoir sites CL-13 and CL-2 was
thermally stratified in May (fig. 6 and table 9).

Discharge at the Wakarusa River inflow site
(CL~16) was estimated at 100 ft*/s in May 1993 and
measured at 350 ft3/s in July 1993 (table 5). Turbidity,
COD, TSS, total-phosphorous, total-recoverable iron,
total-recoverable manganese, and TOC concentrations
at this site were largest in July. The largest ELISA
total triazine herbicide concentration at site CL~-16,
reported as atrazine, was 6.8 lg/L in July and
exceeded the EPA MCL for drinking water of 3.0 pLg/L
for atrazine. In July, alachlor, atrazine, metolachlor,
and propazine were detected by GC/MS analysis at
concentrations of 0.68, 6.0, 0.57, and 0.06 png/L,
respectively. The atrazine concentration exceeded the
EPA MCL of 3.0 pg/L.

At reservoir sampling sites CL-13, CL-20,
CL-6, and CL-2, the largest COD concentration was
130 mg/L in water from reservoir site CL-20 in July.
The largest total nitrogen concentration was 3.7 mg/L
in water from reservoir site CL-20 in July. The largest
concentration of total phosphorous was 0.74 mg/L in
water from reservoir site CL-20 in July. The largest
total manganese concentration was 680 lg/L in water
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from reservoir site CL-6 in May. The largest
concentration of TOC was 11 mg/L in water from
reservoir site CL-6 in May and in water from reservoir
site CL~13 in July. The largest ELISA total triazine
herbicide concentration, reported as atrazine, was

6.1 ng/L in water from reservoir site CL-13 in July.
None of the samples collected in May from the inflow,
reservoir, and outflow sites exceeded the EPA MCL of
3.0 pg/L for atrazine in drinking water. Samples from
Clinton reservoir sampling sites that were analyzed for
atrazine concentrations by GC/MS in July exceeded
the EPA MCL of 3.0 pg/L for atrazine in water from
sites CL-13 and CL-6. Other herbicides detected in
water samples were alachlor, metolachlor, propazine,
and simazine, but concentrations were less than EPA
MCLs and HALS for these herbicides in drinking
water. The maximum chlorophyll-a concentration was
730 pg/L in water from reservoir site CL-20 in July.
Algal blooms were observed at reservoir site CL-20 in
July. The minimum chlorophyll-a concentration was
3.9 pg/L in water from reservoir site CL-2 in May.

Fecal coliform samples were collected in
Clinton Lake near swimming beaches and marinas at
sites CL-22, CL-23, and CL-24. Fecal coliform
concentrations ranged from 1 to 110 cols/100 mL of
water and were largest in July at site CL-22.

The outflow at site CL~1 was an estimated
2,500 ft3/s in May 1993. The largest turbidity and
concentrations of TSS, total-recoverable iron, and
TOC at the outflow also occurred in May. The largest
ELISA total triazine herbicide concentration, reported
as atrazine, was 0.9 lg/L in July. Atrazine, deethyl-
atrazine, and metolachlor were detected by GC/MS
analysis in samples collected in July. None of the
samples exceeded the EPA MCL for atrazine.

Pomona Lake, Kansas

Water samples from Pomona Lake were
collected from inflow, reservoir, and outflow sites in
mid-June and late July 1993 (table 6). Precipitation
from May through August at Pomona Lake was
7.76 in. more than the long-term mean precipitation
during these months at Lyndon, Kansas (National
Oceanic and Atmospheric Administration, 1951-80,
table 1). The elevation of the reservoir water surface
as measured at the dam was 2 ft above multipurpose-
pool elevation (974 ft) at about 976 ft in June and was
19 ft above multipurpose-pool elevation at 993 ft in
July. Water at reservoir site PO-3 was thermally
stratified in June (fig. 6 and table 10).

Streamflow was 18 ft3/s in June and 85 ft*/s in
July at the Dragoon Creek inflow site (PO~11). Turbid-
ity, TSS, total-nitrogen, and total-recoverable iron
concentrations in water from this site were largest in
July. ELISA total triazine herbicide concentrations,
reported as atrazine, were largest in June (6.0 pLg/L)
and exceeded the EPA MCL of 3.0 pg/L for atrazine in
drinking water. In July, alachlor, atrazine, and metola-
chlor were detected by GC/MS analysis at concentra-
tions of 0.33, 1.6, and 2.6 Ug/L, respectively.

In water from reservoir sites PO-7, PO-12, and
PO-3, the largest turbidity value was 73 NTU from
reservoir site PO-3 in July. The largest COD concen-
tration was 37 mg/L in water from reservoir site
PO-12 in July. The largest concentration of TSS was
359 mg/L in water from reservoir site¢ PO-7 in June.
The largest total-manganese concentration was
330 pg/L in water from reservoir site PO-7 at a depth
of 2 m (6.6 ft) below the surface in June. The largest
concentration of TOC was 8.6 mg/L at reservoir site
PO-7 in June. ELISA total triazine herbicide concen-
trations, reported as atrazine, exceeded the EPA MCL
of 3.0 ug/L for atrazine in June in water from reser-
voir sites PO-7 and PO-12 and in July in water from
reservoir sites PO-7, PO-12, and PO-3. Samples
analyzed for atrazine concentrations by GC/MS
exceeded the EPA MCL of 3.0 tg/L for atrazine in
water from reservoir site PO-7 in June and from
reservoir site PO-12 in July. Other herbicides detected
in water samples were alachlor, cyanazine, metola-
chlor, metribuzin, and prometryn, but concentrations
were less than EPA MCLs and HALs for these herbi-
cides. The maximum chlorophyll-a concentration was
35 ug/L in water from reservoir site PO-7 in June.
The minimum chlorophyll-a concentration was
1.6 pg/L in water from reservoir site PO-3 in July.

Fecal coliform samples were collected in
Pomona Lake near swimming beaches and marinas at
sites PO-18, PO-17, PO-16, and PO-19. Fecal coli-
form concentrations ranged from 1 to 110 cols/100 mL
of water and were largest in July in water from site
PO-17.

Streamflow was 15 ft*/s at outflow site PO-2 in
July. The largest concentrations of TSS, total iron, and
TOC at this site occurred in July. The ELISA total
triazine herbicide concentration, reported as atrazine,
was 2.8 lg/L in June and 2.7 lg/L July. These
concentrations did not exceed the EPA MCL of
3.0 pg/L for atrazine in drinking water. In July,
atrazine and metolachlor were detected by GC/MS
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analysis at concentrations of 2.0 lg/L and 0.71 pg/L,
respectively.

Harlan County Reservoir, Nebraska

Water samples from Harlan County Reservoir
were collected from inflow, reservoir, and outflow
sites in early June and late July 1993 (table 7).
Precipitation from May through August at Harlan
County Reservoir was 12.35 in. more than the long-
term mean precipitation during these months at
Naponee, Nebraska (National Oceanic and Atmos-
pheric Administration, 1951-80, table 1). The eleva-
tion of the reservoir water surface as measured at the
dam was 1 ft below multipurpose-pool elevation
(1,946 ft) at about 1,945 ft in June and was 2 ft above
multipurpose-pool elevation at 1,948 ft in July. Water
at reservoir site HC-2 was thermally stratified in June
(fig. 6 and table 11).

Streamflow at the Republican River inflow site
(HC-8) was 158 £63/s in June and 290 ft/s in July.
Turbidity, COD, TSS, total-nitrogen, total-recoverable
iron, total-recoverable manganese, and TOC concen-
trations at this site were largest in June. The ELISA
total triazine herbicide concentration, reported as
atrazine, was 2.6 plg/L in June and 1.6 pg/L in July
and did not exceed the EPA MCL of 3.0 pg/L for
atrazine in drinking water. In July, atrazine, cyanazine,
and metolachlor were detected by GC/MS analysis at
concentrations of 1.5, 0.22, and 0.73 pg/L, respec-
tively.

In water from reservoir sites HC—4, HC-2, and
HC-7, the largest turbidity value (39 NTU) and TSS
concentration (38 mg/L) were largest at site HC-7 in
July. The largest ELISA total triazine herbicide
concentration, reported as atrazine, was 3.1 lg/L in
water from reservoir site HC-7 in June and exceeded
the EPA MCL of 3.0 pg/L for atrazine in drinking
water. None of the samples collected in July and
analyzed by ELISA exceeded the EPA MCL for
atrazine. None of the samples analyzed for atrazine
concentrations by GC/MS in June or July exceeded the
EPA MCL of 3.0 pg/L for drinking water. Other
herbicides detected by GC/MS analysis in water
samples were alachlor, cyanazine, and metolachlor,
but concentrations were less than EPA MCLs and
HAL:s for these herbicides. The maximum
chlorophyll-a concentration was 22 pg/L in water
from reservoir site HC-7 in July. The minimum
chlorophyll-a concentration was 1.2 plg/L in water
from reservoir site HC-2 in June.

Fecal coliform samples were collected in Harlan
County Reservoir near swimming beaches and
marinas at sites HC-17, HC-15, HC-16, HC-12,
HC-13, and HC~14. Fecal coliform concentrations
ranged from 36 to 730 cols/100 mL of water and were
largest in July in water from site HC-17.

Streamflow was 1.2 ft’/s in June and 2.5 ft/s in
July at outflow site HC—1. The largest concentrations
of TSS, total-recoverable iron, total-recoverable
manganese, and TOC in water from this site occurred
in June. ELISA total triazine herbicide concentrations,
reported as atrazine, were 1.1 lg/L in June and July
and did not exceed the EPA MCL of 3.0 pg/L for
atrazine in drinking water. In July, atrazine and
metolachlor were detected by GC/MS analysis at
concentrations of 0.75 and 0.08 pg/L, respectively.

QUALITY-ASSURANCE SAMPLES

Results of the duplicate samples are presented in
tables 4—7 at the end of this report. A few constituent
concentrations are different between the sample and
the sample duplicate. For example, the TSS concentra-
tion was less than 1.0 mg/L for a duplicate sample
collected at reservoir site CL-2 in May, and the actual
sample had a concentration of 5.0 mg/L (table 5). This
difference can be caused by collecting an improper
subsample from the churn splitter or analytical error.

Blank samples for reservoir site PO-7 were
analyzed at the completion of sampling at Pomona
Lake in June and August. The source of the blank
water in June was deionized water. This sample had
detectable concentrations of filtered ammonia, total
phosphorous, and filtered zinc (table 6). These detec-
tions could be caused by the deionized water not
having a specific conductance of less than 1.0 micro-
siemens per centimeter. Other possible causes are
improper cleaning of the equipment, contamination of
preservatives used in the samples, and contamination
at the laboratory. The source of the blank water for the
sample collected and analyzed in August was certified
inorganic and organic blank water. This blank water
contained detectable concentrations of ammonia and
total-recoverable iron.

Standard reference water samples were
collected and analyzed during sampling of Clinton and
Pomona Lakes to check laboratory analytical
accuracy. The most probable values (MPV) for the
standard water samples and the analyses are presented
in tables 5 and 6.
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Vertical Specific-Conductance, pH, Water-Temperature, and Dissolved-Oxygen Profiles, Clinton Lake, Kansas
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Vertical Specific-Conductance, pH, Water-Temperature, and Dissolved-Oxygen Profiles, Pomona Lake, Kansas
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