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CONVERSION FACTORS, MISCELLANEOUS ABBREVIATIONS, AND

ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per acre (acre-ft/acre) 0.3048 cubic meter per square meter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
pound (Ib) 453.6 gram
square mile (mi?) 2590 square kilometer
ton 0.9072 megagram

°C=5/9 (°F-32)
OF=9/5 (°C)+32.

Miscellaneous Abbreviations

electronvolt (eV)

inside diameter (id)

mass to charge (m/z)

millisecond (ms)

milliseconds per ion (ms/ion)

volt (V)

volume-to-drainage-area ratio (VoOV/DA)

Abbreviated Water-Qdality Units

kilopascal (kPa)

liter (L)

meter (m)

microgram per liter (ug/L)
microliter (LL)

micrometer (Lm)

milligram per liter (mg/L)
milliliter (mL)

milliliter per minute (mL/min)
millimeter (mm)

nanogram (ng)

nanogram per microliter (ng/uL)

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by the equations:
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discharge streamflow to the Mississippi River. The
function of these reservoirs is to impound surface
water for many uses, including flood control, hydro-
power, navigation, recreation, and aquatic life habi-
tat. These large reservoirs and numerous small
reservoirs also serve as sources of drinking water for
public supplies.

In addition to storing surface water, reservoirs also
store undesirable substances such as sediment and
toxic chemicals including pesticides. Much of the
sediment entering reservoirs is deposited on the bot-
tom of the reservoirs. However, chemicals such as
soluble herbicides generally remain in the water col-
umn and are stored only temporarily until they are
flushed from the reservoir or removed from solution
by biotic and abiotic processes.

Storage of herbicides is a potential problem in res-
ervoirs that receive drainage from agricultural areas in
the upper Midwest. Recent studies by the USGS
(Thurman and others, 1991, 1992; Goolsby and others,
1993; Goolsby and Battaglin, 1995) have shown that
most streams in the upper Midwest contain herbicides
at some time during the year. Large quantities of her-
bicides are flushed from agricultural fields each spring
and summer during rainfall following application of
herbicides. Goolsby and Battaglin (1995) showed that
median concentrations of the herbicides alachlor, atra-
zine, cyanazine, and metolachlor in streams increased
from March 1989 to July 1989. Also, Thurman and
others (1991) showed that the median concentrations
of herbicides in Midwestern streams in 1989 ranged
from less than 0.30 pg/L before planting to as much as
3.0 pg/L after planting and that the maximum concen-
trations in a few small streams reached 100 pg/L.
During late spring and early summer, concentrations
of atrazine can exceed the U.S. Environmental Protec-
tion Agency's (1992) Maximum Contaminant Level
(MCL) for finished drinking water of 3.0 pg/L for sev-
eral weeks to several months in both small streams and
large rivers, such as the Mississippi River (Goolsby
and others, 1993).

Because reservoirs collect and store water, they
can be affected by storm runoff that contains large
concentrations of herbicides for a much longer period
of time than the streams that supply the reservoirs
(Stamer and Zelt, 1992; Stamer and others, 1995).
This can substantially affect the water quality of
streams downstream from reservoirs.

The length of time that reservoirs discharge water
with increased concentrations of herbicides depends

on a number of factors, including residence time of
water in the reservoir, timing of inflow to the reservoir,
land use and herbicide use in the contributing drainage
area, and the timing and intensity of rainfall. Unregu-
lated streams exhibit the flush effect (Thurman and
others, 1991), which can produce high concentrations
of herbicides for short periods of time. In contrast,
maximum concentrations of herbicides in streams reg-
ulated by reservoirs are much lower, but increased
concentrations can persist for much longer periods of
time. Stamer and Zelt (1992) have shown that atrazine
concentrations in Perry Lake, Kansas, remained near
or greater than the MCL of 3.0 pg/L from March 1989
through October 1989 and were greater than 1.0 pg/L
through February 1990, whereas atrazine concentra-
tions in the principal tributary to Perry Lake exceeded
the MCL for only a few months during late spring.
Atrazine concentrations in some samples collected
from the tributaries exceeded 10 pig/L during late
spring. Most of the water in Perry Lake was replaced
with spring runoff containing these increased atrazine
concentrations. Because little additional inflow to
Perry Lake occurred after early summer, this "herbi-
cide-enriched" water was stored in the reservoir until
the next spring when the cycle was repeated.

The process of storage and attenuation of herbi-
cides documented in Perry Lake occurs in most other
Midwestern reservoirs to a greater or lesser degree
depending on the physical and hydrologic characteris-
tics of the reservoirs and land use in the reservoir
drainage basins. Data on file at USGS, Lawrence,
Kansas, show atrazine concentrations in mid-winter
samples collected during 1990-92 from several large
reservoirs in Illinois, lowa, Kansas, and Missouri
(table 1). Water samples collected at the outflow from
many of these reservoirs had atrazine concentrations
of at least 2.0 pug/L during this time, which likely
reflected the storage of herbicide-enriched inflow orig-
inating from the spring flush.

Processes such as microbial degradation, hydroly-
sis, photolysis, sorption, and volatilization could serve
to remove herbicides from solution in reservoirs (Paris
and Lewis, 1973; Butler and others, 1975; Geller,
1980; Jones and others, 1982; Jones and Winchell,
1984; Dries and others, 1987; Pelizzetti and Tosato,
1990; Plimmer, 1990; Goldberg and others, 1991;
Kolpin and Kalkhoff, 1993). The rates at which these
processes may occur vary for each herbicide and are a
function of many factors including water temperature,
pH, and dissolved oxygen. Herbicide metabolites

Introduction 3



Table 1. Atrazine concentrations in water samples collected from Midwestern reservoirs during winter months,

1990-92

[Data on file with U.S. Geoloigcal Survey, Lawrence, Kansas. Vol/DA, volume-to-drainage-area ratio; acre-ft, acre-feet; GC/MS, gas
chromatography/mass spectrometry; ELISA, enzyme-linked immunosorbent assay; pug/L, micrograms per liter, --, not data)

Sample Atrazine Atrazine
date concentration concentration
Map no. (month/day Vol/DA by GC/MS by ELISA
(fig. 1) Reservoir name lyear) (acre-ft/acre) (ng/L) (ug/L)
Tilinois |
1 Carlyle Lake outflow 01/03/92 - 0.14 -- 2.3
4 Lake Decatur outflow 01/08/92 .05 -- 20
5 Lake Shelbyville outflow 01/08/92 31 -- 1.1
8 Rend Lake spillway 01/02/92 .59 - .60
-- Lake Springfield at Spaulding Dam  01/30/92 34 -- 4.0
-- Lake Springfield at Sugar Creek 01/30/92 34 - 25
Iowa !
20 Coralville Lake 02/21/192 P .01 -- .20
22 Lake Red Rock 02/12/92 .01 - .20
23 Rathbun Lake 12/01/90 .58 3.7 -
23 Rathbun Lake 02/20/92 .58 -- 2.8
24 Saylorville Lake 02/12/92 .02 -- .10
-- Corydon Reservoir 02/01/92 -- -- 10
Kansas
29 Perry Lake 02/03/91 34 3.9 -
Missouri ;
43 Long Branch Lake 12/01/90 50 2.0 -
46 Smithville Lake 12/01/90 1.1 4.0 --
such as deethylatrazine and deispropylatrazine (Thur- Objectives of Study
man and others, 1991), cyanazine amide, deethylcy-
anazine, and deethylcyanazine amide (Meyer, 1994), The primary objectives of the study were to deter-

and alachlor metabolites (Pereira and Rostad, 1990;
Aga and others, 1994; Thurman and others, 1996)
have been detected in samples from streams. Addi-
tional metabolites are likely to be present, but suitable
analytical methods are not presently available to test
for all of them.

Purpose and Scope

The purpose of this report is to describe the data-
collection and analytical methods, the onsite and labo-
ratory quality-assurance procedures, the reservoir vol-
ume, evaporation, and stage measurements, and to
present the results of analyses for 11 herbicides,

6 metabolites, and nutrients. These data were derived
from samples collected at 76 Midwestern reservoirs
during April 1992 through September 1993.

mine the occurrence and temporal distribution of
selected herbicides, herbicide metabolites, and nutri-
ents in the outflow from selected reservoirs in the
upper Midwest and to determine if the persistence of
large concentrations of herbicides in reservoir outflow
could be related on the basis of reservoir and drainage-
basin characteristics, water and land use, herbicide
use, and climate.

DESCRIPTION OF STUDY AREA

he study area (fig. 1) is defined as all hydrologic
units in parts of 11 States (Illinois, Indiana, Iowa, Kan-
sas, Minnesota, Missouri, Nebraska, North Dakota,
Oh d South Dakota, and Wisconsin) that drain to the
Ohld upper Mississippi, and lower Mlssoun Rivers.
Thislarea comprises about 450,000 miZ and is virtually

4 Concentrations of Selected Herbicides, Herbicide Metabolites, and Nutrients in Outfiow from Seiected Midwestern Reservoirs,
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the same area covered by the 1989-90 reconnaissance
of herbicides in streams (Thurman and others, 1991,
1992; Scribner and others, 1993).

SELECTION OF RESERVOIRS

Reservoirs studied were selected from the reser-
voir data base compiled by Ruddy and Hitt (1990).
This data base contains information for about 440 res-
ervoirs in the study area that have a normal storage
volume of 5,000 acre-ft or maximum capacities of at
least 25,000 acre-ft. To meet the objectives of the
study, data on reservoir volume and reservoir dis-
charge (on at least a monthly frequency) were needed
to determine the residence time of water in the reser-
voir and the timing of outflow. In addition, the reser-
voir outflow had to be accessible for sampling. These
data were screened, with the assistance of USGS dis-
trict offices, to determine which reservoirs met the
selection criteria. As a result of this screening, 74 res-
ervoirs in the reservoir data base were selected for
sampling. Two additional reservoirs, Lakes Monona
and Waubesa in Wisconsin (map numbers 71 and 72,
fig. 1) which form a chain of reservoirs receiving out-
flow from Lake Mendota (map number 69, fig. 1) were
also sampled. These three reservoirs were treated as a
single unit. A listing of all 76 reservoirs that were
sampled, along with selected characteristics, are given
in table 2. The location of these reservoirs is shown in
figure 1.

METHODS

Sample-Collection Schedule

Outflow from each reservoir was sampled eight
times (approximately bimonthly) from April 1992
through September 1993. The timing and frequency
of these samples made it possible to determine approx-
imately when maximum and minimum concentrations
of herbicides occurred in the reservoir outflow.

The time of sample collections were:

(1) Late April or early May 1992—Samples were col-

- lected before significant postplanting reservoir

discharge occurred.

(2) Late June or early July 1992—Samples were col-
lected after significant postplanting runoff and
flushing of the reservoir had occurred.

(3) Late summer or late August 1992.

(4) Early fall or mid-October 1992.

(5) Early winter or early January 1993.

(6) Late winter or mid-March 1993.

(7) Midsummer 1993.

(8) September 1993 following the 1993 flood.

Sample-Collection Methods

Water samples were collected downstream from
each reservoir near the centroid of flow or at other out-
flow points that would provide a representative sample
of reservoir discharge. If the reservoir had both a top
and bottom release, the sample was collected at a suffi-
cient distance downstream to ensure adequate mixing,
or an equal-width increment, depth-integrated sam-
pling technique was used (Ward and Harr, 1990).
About 2 L of water were obtained using depth-
integrating samplers. The collection bottle used in the
sampler was made of glass and precleaned as
described in the "Quality Assurance"” section under
"Decontamination Procedures.” If depth-integrated
samples from several points in the cross section were
required to obtain sufficient sample volume, the indi-
vidual samples were composited in a precleaned glass,
Teflon, or stainless-steel container that held 2 to 4 L.
The compositing container and bottles used in the
sampler were rinsed thoroughly with sample water
before compositing began.

In late July or August 1992, near the time of maxi-
mum water stratification, temperature and dissolved-
oxygen profiles were obtained at 17 selected reservoirs
(see table 2) using a dissolved-oxygen meter with a
thermister. Profile measurements were made at
approximately 3-ft intervals in the deepest part of each
reservoir. A closer spaced interval was used in the
thermocline region, which is the region of maximum
rate of water-temperature change. At each depth, tem-
perature and dissolved-oxygen readings were allowed
to stabilize before results were recorded. Water sam-
ples for herbicide and nutrient analyses were collected
from these reservoirs within 3 ft of the water surface
and as close to the reservoir bottom as possible with-
out disturbing the sediment by using a Kemmerer-type
point sampler. Sampling was conducted at the same
locations that temperature and dissolved-oxygen pro-
files were measured and were far enough away from
reservoir outlet structures to avoid mixing effects that
might be caused by outflow.

Methods 5
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Sample Preparation

Herbicide samples were filtered through a 1-pim
glass-fiber filter using a peristaltic pump. Nutrient
samples were filtered through 0.45-um membrane fil-
ters. Filters were leached with about 200 mL of dis-
tilled water followed by 25 to 50 mL of sample prior
to collection of the sample.

The filtrate for herbicide analysis was collected in
four precleaned, baked 125-mL amber glass bottles.
The filtrate for nutrient analysis was collected in a
125-mL amber polyethylene bottle and treated with a
mercuric chloride preservative. About 100 mL of
sample were filtered into a 250-mL polyethylene bot-
tle for silica analysis. The remainder of the water in
the compositing container was used for onsite mea-
surements of specific conductance and pH. All sam-
ples were chilled immediately and shipped to the
appropriate laboratory within 3 days of collection.
Herbicide samples were sent to the USGS laboratory
in Lawrence, Kansas, for gas chromatography/mass
spectrometry (GC/MS) analysis (Thurman and others,
1990) and enzyme-linked immunosorbent assay
(ELISA). Nutrient and silica samples were shipped to
the USGS National Water-Quality Laboratory in
Arvada, Colorado, for analysis (Fishman and Fried-
man, 1989).

Laboratory Methods

Herbicide sample bottles received at the USGS
laboratory in Lawrence, Kansas, were logged in,
assigned identification numbers, and refrigerated at
4 °C until analyzed. All of the reservoir samples were
analyzed for 11 herbicides, two atrazine metabolites,
and three cyanazine metabolites by GC/MS. The anal-
ysis included alachlor, ametryn, atrazine, cyanazine,
metolachlor, metribuzin, prometon, prometryn, pro-
pazine, simazine, and terbutryn as well as two atrazine
metabolites, deethylatrazine and deisopropylatrazine,
and three cyanazine metabolites, cyanazine amide,
deethylcyanazine, and deethylcyanazine amide. In
addition, the ethane sulfonic acid (ESA) metabolite of
alachlor was isolated by solid-phase extraction (SPE)
and analyzed by ELISA using the method of Aga and
others (1994).

Gas Chromatography/Mass Spectrometry

Samples selected for GC/MS confirmation were
extracted on carbon-18 (C,g) solid-phase cartridges by
an automated procedure (Meyer and others, 1993). A
Waters Millilab workstation was used for solid-phase
extraction of the analytes. C;g Sep-Pak-Plus car-
tridges were preconditioned sequentially with 2 mL
each of distilled water, 6 mL ethyl acetate, 2 mL meth-
anol, and 3 mL distilled water. Each 123-mL water
sample was spiked with 100 pL of a surrogate stan-
dard, terbuthylazine (1.23 ng/uL), and pumped
through the cartridge at a rate of 20 mL/min by the
robotic probe. Analytes were eluted with ethyl acetate
and spiked robotically with 100 ng of phenanthrene-
dig. The ethyl acetate layer was transferred by probe
to 4 clean test tube. The robotic probe was washed
between samples by immersing in ethyl acetate and
bubbling air through the probe to prevent sample cross
contamination of herbicide standards. Finally, the
extract was evaporated with a Turbovap at 45 °C
unxt:r a nitrogen stream to a volume of 100 UL and
pipetted into a 100-UL crimp-top, polystyrene vial
with a glass liner.

For the analysis of the 11 herbicides and atrazine
me&abohtes deethylatrazine and deisopropylatrazine,
automated GC/MS analyses of the sample eluates
weﬁe performed on a Hewlett-Packard Model
5890 GC and a 5970A mass selective detector (MSD).
Operating conditions were as follows: ionization volt-
ageL 70 eV; ion-source temperature, 280 °C; electron
multiplier, 400 V over the autotune voltage; direct
capillary interface at 280 °C, initial GC oven tempera-
ture, 60 °C, tuned daily with perfluorotributylamine;
dwe#ll time, 25 to 50 ms/ion. Separation of the herbi-
cides was carried out using a Hewlett Packard fused-
silica, ultra-1 capillary, 12 m x 0.2 mm id, GC column
of methyl silicone film with a thickness of 0.33 um.
Helium was used as the carrier gas at a flow rate of
1 mL/min and a head pressure of 35 kPa. The column
temperature was held at 60 °C for 1 minute and then
ramped at 6 °C per minute to 250 °C. Injector temper-
ature was 280 °C. The filament and multiplier were
not turned on until 15 minutes into the analysis.
Quahnﬁcatxon of the base peak of each compound was
basqd on the response of the 188 ion m/z of the inter-
nal standard, phenanthrene-d;(. Confirmation of the
compound was based on the presence of the molecular
i d two confirming ions with a retention-time
match of +0.2 percent relative to phenanthrene-d .
The }preceding procedure is described in detail by
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Thurman and others (1990) and Meyer and others
(1993).

For the separation of the cyanazine metabolites,
cyanazine amide, deethylcyanazine, and deethylcy-
anazine amide, a Hewlett Packard ultra-2 capillary,

12 m x 0.2 mm, GC column of methyl silicone with
5-percent phenyl film was used. The GC/MS condi-
tions for these analysis were the same as for the regu-
lar herbicide method except for the following: direct
capillary interface at 210 °C, initial GC oven tempera-
ture, 140 °C; ramp rate, 15 °C per minute to 250 °C.
Atrazine, cyanazine, deethylatrazine, and deisopropyl-
atrazine were also analyzed to compare against the
preceding GC/MS method. The quantitation limit for
atrazine, deethylatrazine, deisopropylatrazine,
cyanazine, cyanazine amide, and deethylcyanazine
was 0.05 pug/L. and for deethylcyanazine amide,

0.50 pg/L. This procedure is described by Meyer
(1994).

Solid-Phase Extraction and Enzyme-Linked
Immunosorbent Assay for Alachlor Ethane
Sulfonic Acid

Alachlor ESA was analyzed by SPE-ELISA using
the method described in Aga and others (1994). The
SPE procedure was automated with a Waters Millilab
workstation for analysis of the analytes. The C;g Sep-
Pak cartridges were preconditioned sequentially with
2 mL methanol, 6 mL ethyl acetate, 2 mL methanol,
and 2 mL distilled water. Each 100-mL water sample
was passed through a cartridge at a flow rate of
20 mL/min. The cartridge was eluted first with 3 mL
ethyl acetate to remove parent alachlor and then eluted
with 3 mL methanol to remove alachlor ESA, which
was collected in a separate test tube. The methanol
extracts were evaporated to dryness under nitrogen at
45 °C using a Turbovap. The samples then were
reconstituted with 5 mL of distilled water and ana-
lyzed using an Alachlor RaPID assay kit. The concen-
trations of alachlor ESA were calculated by the
following equation (Brady, 1995):

logit (y) = 1n (y/1-y), (1)
where y = absorbance reading, which transformed
data using alachlor ESA standards of 0,
1.0, 5.0, and 20 pug/L.. Every 10th sam-
ple was analyzed in duplicate.

Nutrients

Dissolved nitrite plus nitrate, nitrite, ammonia,
and orthophosphate were determined by an automated
colorimetric procedure (Fishman and Friedman,
1989). Dissolved nitrate was calculated as the differ-
ence between determinations for nitrite plus nitrate
and nitrite. Silica was determined by an automated
procedure described in Fishman and Friedman (1989).

QUALITY ASSURANCE

Quality-assurance procedures for this study were
carried out by USGS personnel in accordance with a
written work plan for the study.

Decontamination Procedures

Onsite quality-assurance procedures required all
bottles and sampling equipment to be cleaned by
washing glass containers, filter units, and tubing with a
phosphate-free laboratory detergent and rinsing with
tap water, then rinsing with organic-free, deionized, or
distilled water, rinsing with methanol, and rinsing
again with organic-free water to remove traces of
methanol. Bottles were inverted to drain and dry.

Sample Collection and Analysis

Quality-assurance samples consisted of blind rep-
licates, blind spikes, field equipment blanks, and labo-
ratory duplicates. About 5 percent of the samples were
blind replicates, and an additional 5 percent of the
samples consisted of blind spikes and field equipment
blanks. All samples were collected in duplicate or
triplicate. About 10 percent of all samples were ana-
lyzed in duplicate at the USGS laboratory in
Lawrence, Kansas.

In addition, blind replicate samples for herbicide
analysis were obtained during each sampling period.
Replicates of regular samples were labeled with ficti-
cious site information and submitted to the USGS lab-
oratory in Lawrence, Kansas, along with the regular
samples for herbicide analysis. Results for the blind
replicate analyses are included under sample type
"BD" in table S5 at the end of this report.

Blind spikes for herbicide analysis were indepen-
dently prepared by the USGS National Water-Quality
Laboratory in Arvada, Colorado, and submitted by
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several USGS offices. These samples consisted of
125-mL bottles filled with solutions of known
herbicide concentrations. They were labeled as reser-
voir samples and sent to the USGS laboratory in
Lawrence, Kansas. Results for spike samples ana-
lyzed during the eight sampling rounds are shown in
table 3.

Field equipment blanks for herbicides were
obtained on the first sample processed and about every
20th sample thereafter. Organic-free water was fil-
tered into four 125-mL amber baked glass bottles
labeled as a field equipment blank and shipped over-
night to the USGS laboratory in Lawrence, Kansas,
along with the regular herbicide samples. During the
1992-93 sampling period, no herbicides were detected
in any of the 37 field equipment blanks analyzed.

Gas Chromatography/Mass Spectrometry

For the GC/MS method, each water sample to be
analyzed for herbicides and metabolites was spiked
with a surrogate standard, terbuthylazine. An internal
standard, phenanthrene-d;,, was added to the sample
after it was extracted by SPE. The ratio of the terbuth-
ylazine to the phenanthrene-d;, was used to calculate
the percent "recovery” of the sample. The internal
standard was used to create a ratio with each individ-
ual compound to calculate concentrations. Quality-
assurance protocols, to ensure the integrity of the sam-
ple handling, extraction, and analytical procedures,
consisted of 10 percent blank samples and 10 percent
standard solutions for the 1992-93 sampling period.
Results of the laboratory duplicate analyses are
included under sample type "LD" in table 5 at the end
of this report.

Solid-Phase Extraction and Enzyme-
Linked Immunosorbent Assay for
Alachlor Ethane Sulfonic Acid

For the alachlor ESA method, results were quanti-
fied with solutions of alachlor concentration that
ranged from O to 20 pg/L.. Using the calibration
curves, optical densities associated with calibration
standards were examined. Samples were analyzed in
duplicate and averaged. The reporting limit for
alachlor ESA was 0.10 ug/L.

ANCILLARY DATA

The following information was recorded at all
sites during each sampling period: the type of sam-
pling location, type and quantity of reservoir
discharge, unusual streamflow conditions, weather
conditions, and debris conditions in the stream. The
volume of water in reservoir storage, in acre-feet, was
alst‘ obtained for each sampling period from USGS
records or U.S. Army Corps of Engineers records.
Data on gaged reservoir inflow and outflow, and evap-
oration, when available, were also accumulated
throughout the period of study. These data were
obtained as monthly totals from the U.S. Army Corps
of Engineers records. Results are presented in table 4
at the end of this report.

! Ancillary data including land use, herbicide use,
coritributing drainage area, and rainfall were obtained
from the following sources and stored in a geographic
information system (GIS) (Battaglin and Goolsby,
1995):

' Land use 1987 Census of agriculture

’ data (U.S. Department of
1, Commerce, 1989a, 1989b)
Herbicide use (Gianessi and Puffer, 1991).

ANALYTICAL RESULTS

Analytical results for nine herbicides and six
meiabolites in water-quality samples collected from
76 reservoirs during 1992-93 are presented in table 5
at the end of this report. Two additional herbicides,
probe@n and terbutryn, were analyzed but not
detected. Analytical results for herbicide samples col-
lected near the top and bottom of 17 reservoirs are
given in table 6. These data show, except for one res-
ervoir in Indiana and two reservoirs in Ohio, that there
was very little difference between top and bottom
concentrations.

‘A summary of results presented in table 7 shows
that atrazine was the most frequently detected and per-
sistént herbicide, followed by alachlor ESA, deethyla-
trazﬁne, deisopropylatrazine, metolachlor, cyanazine
amihe, and cyanazine.

'The distribution of herbicide detections in Mid-
western reservoirs and reservoirs in which concentra-
tion‘p of one or more herbicides exceeded
U.S. Environmental Protection Agency Maximum
Contaminant Levels or Health Advisory Levels for
drinking water during late April through mid-May and

12 Concentrations of Selected Herbicldes, Herbiclde Metabolites, and Nutrients In Outflow from Selected Midwestern Reservolrs,

Aprll 1992 Through September 1993



L 80° ¥9° w w 08 SL 8¢ 'l oL TAMD TOMN
oL 00’ oL oL oL 69 I (7 oL oL TAMD [eonasody,
19 80 12 99 19 0s s9° 9¢° 98 oL ueapy
€9 80 w 18 69’ 69 vL 6¢ L6 8’ TAMD LT/80
4 80" VA €8’ vL Ly 8L 9¢’ 66’ €8’ TAMD LT/80
8¢’ 80° Ly 8L oL 12 €L €¢ €6 8L TAMD ST/80
4 60" €9’ 68 9¢ oy’ 9 Le ¥8 L TAMD ST/80
99 80" 6S° 123 113 s¢’ 96 S¢’ 8L L TINMD ¥2/30
LS 60 8¢ N 0s’ s¢’ LS 9¢’ 8L 69 TIAMD ¥7/80
9’ 80" LS Is 9’ Le N ¢’ SL 69’ TAMD ¥2/30
or S0™> S0> or Lo or 80" S0™> € 80" TIAMD TOMN
LO 0 LO LO Lo Lo Lo’ LO Lo LO TAMD [eO12I03Y |,
L0 S0"> Lo 80’ Lo SO0’ Lo SO’ or 80 ueap
SO S0> SO’ Lo 90’ 90’ 90’ SO’ 60’ 90 TIANMD LT/80
90’ S0> 90’ 80" Lo 90’ Lo SO’ or 80" TAMD LT/80
Lo S0> Lo 60" Lo’ 90’ 80° 90’ T 60° TIAMD LT/80
Lo S0™> Lo 80" Lo Lo 80" SO’ or 60° TAMD 9Z/80
LO S0> Lo LO’ LO o’ LO SO’ or 80" TINMD 9Z/80
Lo S0> 90’ Lo Lo S0> Lo So° or 80’ [INMO 12/80
LO S0> Lo Lo Lo SO’ 80" SO° or 80" TIAMD 12/80
L0 $0'0> L0°0 80°0 800 S0°0 800 S0°0>  0I'0 60°0 TIAMD 12/80
(/6v) (/Bn) (/67) (/6v) (/6) (/67) (/67) (/6v) (/67) (/6v) uopeaynuapl (Aeppyuow)
auizewns aujzedoid uojowold uiznq Jo|yoe aujzeuehy iojyoely via vaa aujizesyy  aouesnsse-fjijenp)  uonRd9Y00
-1 -0l jo ajeq

[-0]0D ‘epeAly ‘A1ojeioqe] AN[en)-101BAN [RUOHIRN ASAING
e01301030°'S' N “TOMN SN[BA UBSUI JO UOHIR[NOLES Ul PIsn Sem JIWI[ UONOI)SP JIeY-2Uo ‘uey) ssf *> ¢1931f 1od suresSotoru /31 topdures oxyids purjq ‘Wm D ourzenejhdordosiop ‘v ‘surzene[Ayqisap ‘vaqg
$Pa103)ap 10U 219M uANngua) pue ‘uAnouoid ‘ulnsure (sapasoxd soueinsse-Aiifenb 10] PIjo9fIs JOU 1oM IPIUIE JUTZBUBAD]AYISIP PUE ‘SUIZBUBAD[AYIOap ‘oOpIilie QUIZBUEAD ‘PIOE OIUOJINS SUBYID JOJYOr] Y]

2661 ‘sajdwes aoueinsse-Ajjenb ul sajljogqelsw pue SepioiqIsy Pajosjas JO SUOHBIUSIUCD “C ajqeL

13

Analytical Resuits



late June through early July 1992 are shown in
figure 2. Concentrations of alachlor, alachlor ESA,
atrazine, cyanazine, and metolachlor for each of the
eight sampling periods (data from table 5) are shown
in figures 3A—E. These figures also show that atrazine
had the largest concentration, followed by alachlor
ESA, metolachlor, cyanazine, and alachlor.
Analytical results for nutrients are given in table 8
for the 76 reservoirs and in table 9 for samples col-
lected near the top and bottom of 17 reservoirs.
Nitrate, nitrite, and silica concentrations in streams are
derived from many anthropogenic and natural sources,
including chemical fertilizers, animal wastes, domes-
tic sewages, legumes, mineralization of vegetation,
and soil organic matter. Studies in the Midwest have
provided results on the geographic distribution of
nitrate in streams and also indicate that processes in
addition to those governing herbicide transport are
important in controlling the transport of nutrients to
streams (Goolsby and others, 1993).
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Figure 3. Boxplots showing the concentrations of (A) alachlor, (B) alachlor et