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FOREWORD

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

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

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

* Describe current water-quality conditions for a

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

* Describe how water quality is changing over
time.

* Improve understanding of the primary natural
and human factors that affect water-quality
conditions.

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

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 59 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 59 study units and more than two-
thirds of the people served by public water-supply sys-
tems live within their boundaries.

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

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

ﬂaM . Werac

Robert M. Hirsch
Chief Hydrologist
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Pesticides in Surface Water in Agricultural and
Urban Areas of the South Platte River Basin, from
Denver, Colorado, to North Platte, Nebraska, 1993—-94

By Robert A. Kimbrough and David W. Litke

ABSTRACT

Results of two studies are presented in this
report. The first part of the report presents results
of pesticide data collected at surface-water sites in
the agricultural areas along the South Platte River
from Henderson, Colorado, to North Platte,
Nebraska, during the 1994 growing season.
Samples were collected at 16 to 20 sites on three
occasions from May through August 1994
(synoptic samples) and at 2 sites approximately
biweekly during the same period (anchor-site
samples). The second part of the report presents
results of pesticide data collected at two surface-
water sites in the Denver metropolitan area. One
site was located on the main-stem South Platte
River in Denver, whereas the second was located
on a tributary (Cherry Creek) at its confluence
with the South Platte River, 0.4 mile upstream
from the main-stem site. Eighteen samples were
collected at each site from December 1993
through November 1994.

Thirty-nine pesticides were detected at least
once during the agricultural study. Ten pesticides
accounted for about 80 percent of the synoptic
sample detections. Of the 10 pesticides, 6
commonly are used for irrigated agriculture in the
study area (atrazine, metolachlor, DCPA, cyana-
zine, EPTC, and carbofuran); one (desethylatra-
zine) is a metabolite of atrazine; two (prometon,
simazine) primarily are used for long-term weed
control in noncropped areas; and one (diazinon) is

an insecticide used around households and
commercially on some vegetable crops.

Of the 39 pesticides detected during the
agricultural study, only 8 had median concentra-
tions greater than their respective method detec-
tion limits (the 8 median concentrations ranged
from 0.004 to 0.15 microgram per liter). Collec-
tively, there were 22 detections of 10 pesticides
that were measured at concentrations greater
than 1 microgram per liter. The herbicide DCPA
was measured at the highest concentration of
30 micrograms per liter. Pesticide concentrations
generally were less than standards or guidelines
for drinking water and aquatic life.

Atrazine, desethylatrazine, and prometon
were detected throughout the agricultural study
area, and each persisted throughout the growing
season at consistent concentrations. Ground-water
discharge may transport atrazine, desethylatra-
zine, and prometon to surface waters in the study
area because these three compounds also have
been detected at equivalent concentrations in allu-
vial ground water in the study area. Other
commonly detected pesticides occurred less
frequently and had geographic or temporal fluctu-
ations in their occurrence, indicating that pesti-
cide use varies throughout the study area. For
example, occurrences of metolachlor, which
commonly is applied to corn, primarily were
limited to sites located in corn production areas.
Occurrences of diazinon, which is used in urban
areas and on vegetables, primarily were limited to
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sites in the upper one-half of the study area where
major urban centers are located and where most
vegetable production occurs. The timing of pesti-
cide applications resulted in temporal variations
of concentrations. For example, the concentra-
tions of the herbicide DCPA were highest in May,
following early season application, and steadily
declined throughout the growing season. The
insecticide propargite was detected only for
several weeks following its application to corn in
July, and the insecticide carbofuran was only
detected in June following its application to
alfalfa and corn.

Twenty-eight pesticides were detected at
the two sampling sites during the urban study.
Nine pesticides accounted for about 80 percent of
the detections at both sites, indicating that pesti-
cide use is similar in each basin. Of the nine most
commonly detected pesticides, five (carbaryl,
chlorpyrifos, DCPA, diazinon, and malathion)
commonly are used by homeowners or commer-
cial applicators in urban areas of the South Platte
River Basin. Three (prometon, simazine, and
tebuthiuron) are herbicides generally associated
with nonagricultural uses in Colorado and are
used for long-term, nonselective weed control;
and one (atrazine) has had nonagricultural uses in
Colorado limited to roadside and turf application
since 1992.

Pesticide concentrations measured in
the urban samples were small. Seventy-eight
percent of the pesticide detections were less than
0.1 microgram per liter, and about 94 percent
were less than 0.5 microgram per liter. Carbaryl
and 2,4-D were the only pesticides detected at
concentrations greater than 1 microgram per liter,
and carbaryl was measured at a maximum
concentration of 5.5 micrograms per liter. Pesti-
cide concentrations generally were less than stan-
dards and guidelines for drinking water and
aquatic life, although the U.S. Environmental
Protection Agency health advisory for diazinon
was exceeded in one sample, and the aquatic-life
guidelines for carbaryl, diazinon, and chlorpyrifos
were exceeded in several samples. Multiple pesti-
cides were detected in all of the samples.

Individual pesticide concentrations were
higher in storm-runoff samples than in nonstorm-
runoff samples. The insecticide carbaryl was the
dominant pesticide in most of the storm-runoff
samples. Carbaryl concentrations in storm-runoff
samples generally were 1 to 2 orders of magni-
tude higher than other pesticide concentrations.
DCPA, chlorpyrifos, and malathion generally
were detected only during storm-runoff events.
Several detections of atrazine, carbaryl, diazinon,
prometon, and simazine during dry weather indi-
cate that mechanisms other than storm runoff
transport pesticides to streams in the urban envi-
ronment. Prometon and simazine most likely are
being transported by ground water in the Cherry
Creek Basin. Prometon and simazine were consis-
tently detected in dry-weather samples when
ground water was the predominant source of
streamflow in Cherry Creek.

Comparisons of drainage area, urban area,
lawn area, and mean streamflow indicate that the
small urban basin (Cherry Creek) is representa-
tive of the larger urban basin (South Platte River);
however, the percentage of carbaryl load in
the South Platte River at Denver attributed to
Cherry Creek was not consistent and correlated
poorly with the contribution of streamflow from
Cherry Creek. Overall, the median percentage
of pesticide load in the South Platte River at
Denver that was attributed to Cherry Creek (equal
to 21 percent) was greater than the median
contribution of streamflow from Cherry Creek
(12.5 percent).

INTRODUCTION

In 1991, the U.S. Geological Survey (USGS)
began to implement the full-scale National Water-
Quality Assessment (NAWQA) Program. The goals of
the NAWQA Program are to describe the status and
trends in the quality of a large, representative part of
the Nation’s surface- and ground-water resources and
to provide a sound, scientific understanding of the
primary natural and human factors affecting the
quality of these resources (Leahy and others, 1990).
Pesticides were identified as a primary water-quality
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The “Urban Study” section presents results of
pesticide data collected at two surface-water sites in
the Denver metropolitan area. One site was located on
the main-stem South Platte River in Denver, whereas
the second site was located on Cherry Creek at its
confluence with the South Platte River, 0.4 mi
upstream from the main-stem site. This section
summarizes pesticide detections and concentrations at
the urban sites, describes the occurrence and temporal
variability of pesticides in storm-runoff and dry-
weather samples, and compares pesticide loadings
between the small urban basin (Cherry Creek) and the
larger urban basin (South Platte River). Eighteen
samples were collected at each site from December
1993 through November 1994.

Sampling and laboratory protocols and results
of a combined quality-control program are summa-
rized. A description of each study area and a discus-
sion of study designs are included in the respective
sections.
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METHODS

Equipment Preparation, Sample
Collection, and Analysis

To prevent sample contamination from plasti-
cizers and to minimize analyte losses through adsorp-
tion, sample-collection and -processing equipment
used was made from Teflon, glass, or stainless steel.
All sampling equipment was cleaned prior to use with
a nonphosphate laboratory detergent and rinsed first

with organic-free water followed by high-purity
methanol. The equipment was rinsed with copious
amounts of native water at the sampling sites before
sample collection. Glass sample bottles and glass fiber
filters were cleaned by baking at 450°C for 8 hours
and were not field rinsed.

Depth- and width-integrated water samples
were collected from streams in each study area by
using the equal-width-increment method (Edwards
and Glysson, 1988) and processed onsite using
methods described by Shelton (1994). Samples were
filtered onsite using glass fiber filters with a nominal-
pore-diameter of 0.7 um. Filtered samples were imme-
diately chilled to 4°C before delivery to the USGS
National Water Quality Laboratory (NWQL) in
Arvada, Colorado, for analysis.

Pesticides were extracted and analyzed from
1-L water samples at the NWQL using methods
described by Zaugg and others (1995) and by Werner
and others (1996). Analyses for as many as 83 pesti-
cides (including 7 pesticide metabolites, referred to
herein as pesticides) were done for individual samples
(table 1). Concentrations for 46 pesticides were deter-
mined by C-18 solid-phase extraction (SPE) and capil-
lary-column gas chromatography/mass spectrometry
(GC/MS). Concentrations for 37 pesticides were deter-
mined by Carbopak-B SPE and high performance
liquid chromatography (HPLC). Several pesticides
(azinphos-methyl, carbaryl, carbofuran, chlorotha-
lonil, desethylatrazine, dichlobenil, DNOC, esvenval-
erate, 1-napthol, and terbacil) demonstrated variable
performance during SPE or during analysis by GC/MS
or HPLC (Zaugg and others, 1995; Werner and others,
1996). As a result, the concentrations for these
analytes are qualitatively reported. A change in SPE
column types following method-performance evalua-
tions in 1992 (prior to this study) resulted in improved
performance for carbaryl and carbofuran; however, the
concentrations for these two compounds are still quali-
tatively reported because of the potential for variable
performance (Zaugg and others, 1995). Pesticides and
pesticide metabolites analyzed for the studies had indi-
vidual method detection limits (MDL’s) varying from
0.001 to 0.050 pg/L (table 1). A total of 127 1-L water
samples were analyzed by GC/MS, and 102 samples
were analyzed by HPLC.
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Table 1. Pesticides and pesticide metabolites analyzed for during agricultural and urban land-use studies in the South Platte

River Basin, December 1993 through November 1994

[Concentrations are in micrograms per liter; MCL, maximum contaminant level; HA, health advisory; HPLC, high performance liquid chromatography;
GC/MS, gas chromatography/mass spectrometry; --, no standard or guideline]

Standard or
Trade ramot) e qtrod | Jideina o Guldelne o
(MCL or HA)
Herbicides

Acifluorfen Blazer, Tackle HPLC 0.035 - -
Alachlor Lasso GC/MS 0.002 12 -
Atrazine AAtrex GC/MS 0.001 13 9}
Benfluralin Balan, Benefin GC/MS 0.002 - --
Bentazon Basagran HPLC 0.014 20 -
Bromacil Bromax 90, Urox B HPLC 0.035 90 --
Bromoxynil Buctril, Brominal HPLC 0.035 -- 25
Butylate Sutan + GC/MS 0.002 350 --
Chloramben Amiben HPLC 0.011 100 -
Clopyralid Lontrel HPLC 0.050 - -
Cyanazine Bladex GC/MS 0.004 1 L}
24-D 2,4-D and many other names HPLC 0.035 170 33
2,4-DB Butoxone HPLC 0.035 -- -
DCPA Dacthal GC/MS 0.002 4,000 --
Desethylatrazine metabolite of atrazine GC/MS 0.002 -- --
Dicamba Banvel HPLC 0.035 200 3200
Dichlobenil Casoron HPLC 0.020 -- 337
Dichlorprop 2,4-DP HPLC 0.032 -- -
2,6-Diethylanaline metabolite of alachlor GC/MS 0.003 -- --
Dinoseb Basanite and many other names HPLC 0.035 17

Diuron Diurex and many other names HPLC 0.020 10 316
EPTC Eptam GC/MS 0.002 -- --
Ethalfluralin Sonalan GC/MS 0.004 -- -
Fenuron Beet-Kleen HPLC 0.013 -- --
Fluometuron Cotoran HPLC 0.035 90 --
Linuron Lorox GC/MS 0.002 -- -
MCPA MCPA and many other names HPLC 0.050 10 --
MCPB Thistrol HPLC 0.035 - --
Metolachlor Dual GC/MS 0.002 100 2%
Metribuzin Lexone, Sencor GC/MS 0.004 200 2]
Molinate Ordram GC/MS 0.004 -- -
Napropamide Devrinol GC/MS 0.003 -- --
Neburon Neburex, Neburon HPLC 0.015 -- --
Norflurazon Evital, Zorial HPLC 0.024 -- --
Oryzalin Surflan HPLC 0.019 -- --
Pebulate Tillam GC/MS 0.004 - --
Pendimethalin Prowl GC/MS 0.004 -- --
Picloram Tordon HPLC 0.050 1500 -
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Table 1. Pesticides and pesticide metabolites analyzed for during agricultural and urban land-use studies in the South Platte
River Basin, December 1993 through November 1994—Continued

[Concentrations are in micrograms per liter; MCL, maximum contaminant level; HA, health advisory; HPLC, high performance liquid chromatography;
GC/MS, gas chromatography/mass spectrometry; --, no standard or guideline]

Standard or

Pesticide Trade name(s) Tmethod  detectionimit  drinking water  aquatic e,
(MCL or HA)
Herbicides—Continued
Prometon Pramitol GC/MS 0.018 100 --
Pronamide Kerb GC/MS 0.003 50 --
Propachlor Ramrod GC/MS 0.007 90 --
Propanil Stampede GC/MS 0.004 - -
Propham IPC HPLC 0.035 100 --
Simazine Princep, Aquazine GCMS 0.005 14 310
2,4,5-T Line Rider and many other names HPLC 0.035 70 --
2,4,5-TP Silvex HPLC 0.021 150 1.4
Tebuthiuron Spike, Graslan GC/MS 0.010 500 --
Terbacil Sinbar GCMS 0.007 90 --
Thiobencarb Bolero GCMS 0.002 - -
Triallate Far-Go GC/MS 0.001 - 20.24
Triclopyr Garlon HPLC 0.050 - -~
Trifluralin Treflan and several other names GC/MS 0.002 S 20.10
Insecticides

Aldicarb Temik HPLC 0.016 13 -
Aldicarb sulfone metabolite of aldicarb HPLC 0.016 ) --
Aldicarb sulfoxide metabolite of aldicarb HPLC 0.021 14 --
Azinphos-methyl Guthion GCMS 0.001 - 40.01
Carbaryl Sevin GC/MS 0.003 700 30.02
Carbofuran Furadan GCMS 0.003 140 2175
Chlorpyrifos Dursban, Lorsban GC/MS 0.004 20 30.08
p.p’-DDE metabolite of DDT GC/MS 0.006 - --
Diazinon Diazinon and many other names GC/MS 0.002 0.6 30.009
Dieldrin Panoram D-31 GCMS 0.001 - 30.36
Disulfoton Disyston and several other names GCMS 0.017 03 30.05
DNOC Sinox and several other names HPLC 0.035 -- -
Esfenvalerate Asana HPLC 0.019 - --
Ethoprop Mocap GCMS 0.003 -- --
Fonofos Dyfonate GC/MS 0.003 10 --
alpha-HCH Lindane (impurity) GC/MS 0.002 - -
gamma-HCH Lindane GCMS 0.011 102 2.0
Malathion Malathion and many other names GCMS 0.005 200 40.1
Methiocarb Mesurol HPLC 0.026 -- --
Methomyl Lannate and several other names HPLC 0.017 200 --
Methyl parathion Penncap-M GCMS 0.006 2 -
1-Naphthol metabolite of carbaryl HPLC 0.007 - -
3-OH-carbofuran metabolite of carbofuran HPLC 0.014 -- --
Oxamyl Vydate HPLC 0.018 1200 -
Parathion Alkron and many other names GCMS 0.004 -- 30.065
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Table 1. Pesticides and pesticide metabolites analyzed for during agricultural and urban land-use studies in the South Platte
River Basin, December 1993 through November 1994—Continued

[Concentrations are in micrograms per liter; MCL, maximum contaminant level; HA, health advisory; HPLC, high performance liquid chromatography;

GC/MS, gas chromatography/mass spectrometry; --, no standard or guideline]

Standard or
Pesticide Trade namels) method  dotectionlimit  drinking water  aquatic fe
(MCL or HA)
Insecticides—Continued
cis-Permethrin Ambush, Pounce GC/MS 0.005 - --
Phorate Thimet and several other names GC/MS 0.002 - -
Propargite Comite, Omite GC/MS 0.013 - --
Propoxur Baygon HPLC 0.035 3 --
Terbufos Counter GC/MS 0.013 0.9 --
Fungicide
Chlorothalonil Bravo HPLC 0.035 - --

TValue is the U.S. Environmental Protection Agency (USEPA) maximum contaminant level for drinking water; other values are USEPA lifetime

health advisories for a 70-kilogram adult (Nowell and Resek, 1994).

2Canadian Government aquatic-life guidelines (Canadian Council of Resource and Environment Ministers, 1987; updates 1989-91, 1993).
3National Academy of Sciences and National Academy of Engineering aquatic-life guidelines, 1973 (Nowell and Resek, 1994).

4U.S. Environmental Protection Agency chronic aquatic-life guidelines (Nowell and Resek, 1994).

3U.S. Environmental Protection Agency acute aquatic-life guidelines (Nowell and Resek, 1994).

Quality Control

Twenty-four of the 127 samples analyzed by
GC/MS and 16 of the 102 samples analyzed by HPLC
were for quality-control purposes. Field blanks were
prepared with organic-free water and processed onsite
using the same equipment and handling techniques as
were used for the environmental samples. No pesti-
cides were detected in the eight equipment blanks
analyzed by using GC/MS or in the six equipment
blanks analyzed by using HPLC. Duplicate samples
were collected to evaluate the combined effect of
sampling and analytical procedures on the precision of
measured concentrations. There were
55 occurrences of pesticides detected in duplicate
sample sets (six sets of duplicate samples were
analyzed by GC/MS, and five sets were analyzed by
HPLC). The relative percent difference for 47 sets of
duplicate concentrations ranged from O to 120 percent
with a median of 22 percent (table 15 in the “Supple-
mental Data” section at the back of this report). Rela-
tive percent differences were only computed for 47 of
the 55 duplicate concentrations because some dupli-
cates sets had one value less than the MDL (table 15).
Field-spiked samples were collected to address analyte
recovery in sample matrices. Pesticides analyzed by
GC/MS were spiked into 1-L environmental samples

at a concentration of 0.1 pg/L. Mean recoveries for
pesticides in four field-spiked samples analyzed by
GC/MS ranged from 20 to 262 percent with a median
of 112 percent (table 16 in the “Supplemental Data”
section). Field-spiked samples were not collected for
HPLC analysis, although the NWQL processed labo-
ratory control spikes throughout the period of study.
Laboratory control spikes were prepared by adding
pesticides analyzed by HPLC to reagent-grade water
at a concentration of 0.05 pg/L.. Mean recoveries in
350 laboratory control spikes collected between April
1993 and April 1995 ranged from 11 to 100 percent
with a median of 64 percent (table 17 in the
“Supplemental Data” section).

Concentrations Related to Standards

Pesticide concentrations in discrete samples
were compared to the U.S. Environmental Protection
Agency’s (USEPA) maximum contaminant levels
(MCL’s) and health advisories (HA’s) for finished
drinking water (Nowell and Resek, 1994) (table 1).
Pesticide MCL’s and HA’s are based on chronic long-
term exposure; therefore, pesticide concentrations in
individual samples that exceed these criteria may not
necessarily indicate a violation of a standard. Streams
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Platte River have documented streamflow gains that
result largely from ground-water discharging from
adjacent alluvial aquifers. Two investigations on the
South Platte River from Henderson to Julesburg

(fig. 1) in March and November 1968 measured gains
in almost all subreaches (gains for 23 of 25 subreach
calculations) that ranged from 0.6 to 10 (ft3/s)/mi
(Hurr and others, 1975). Numerous investigations in
1977-79 along a 26-mi reach of the South Platte River
near Fort Morgan documented an average gain in
discharge of 143 ft3/s (Minges, 1983). A second
study conducted in 1982 along the same reach
reported an average increase of 150 ft3/s during the
irrigation season (Ruddy, 1984). A median increase of
4.6 (ft3/s)/mi was determined for three subreaches
located within a 25-mi segment of the main-stem
South Platte River just downstream from Denver
(lengths of the subreaches were equal to 3.5, 8.0, and
8.4 mi) (McMahon and others, 1995).

Although agriculture is the predominant land
use in the 10-county study area, pesticide use in urban
areas within or adjacent to the study area may have
contributed to pesticide detections in this study. Major
urban centers are the Denver metropolitan area, which
is just upstream from the study area; the cities of
Boulder and Longmont in the St. Vrain Creek Basin;
and the cities of Fort Collins and Greeley in the Cache
La Poudre River Basin (fig. 1).

Maijor Irrigated Crops

Corn is the primary irrigated crop grown in the
10-county study area, and with the exception of
Boulder and Larimer Counties, corn is the primary
irrigated crop grown in each of the individual counties
(table 2). In 1992, about 54 percent of the irrigated
land in the 10 counties was harvested for corn
(U.S. Department of Commerce, 1994a, b). Hay
(21 percent), dry beans (6 percent), sugar beets
(4 percent), wheat (4 percent), and barley (2 percent)
were the other major irrigated crops. Vegetables,
onions, potatoes, sunflowers, soybeans, sod, sorghum,
oats, and other miscellaneous irrigated crops also were
grown but in smaller amounts.

There is some geographic variability of crop
production in the study area. The variety of crops
grown in the five most upstream counties is greater
than the variety of crops grown in the five most down-
stream counties (table 2). Sugar beets, barley, vegeta-
bles, onions, potatoes, and sod predominantly are

AGRICULTURAL STUDY—PESTICIDES IN THE SOUTH PLATTE RIVER FROM HENDERSON, COLORADO, TO NORTH PLATTE,

grown in the five most upstream counties. Irrigated
crops grown from Sedgwick County downstream to
Lincoln County are predominated by corn.

The crop estimates cited in this report are for
1992, but they also are considered to be representative
of crop production in 1994 because cropping patterns
do not vary substantially within individual counties in
the study area from year to year. During 1989-94, the
proportion of harvested irrigated acreage for major
irrigated crops grown in the seven Colorado counties
in the study area remained fairly constant (fig. 29 in
the “Supplemental Data” section of this report). As
part of the South Platte NAWQA study, crop types for
1991 and 1993 were determined for the lower Lone-
tree Creek Basin in Weld County, Colorado, using
satellite imagery (Wagner and Hoffer, 1994). The
results indicate that the proportions of the principal
crop acreages did not change substantially between the
2 years (table 18 in the “Supplemental Data” section).

Pesticide Use in the Agricultural Area

Pesticide-use data for the entire study area
are not directly available, although pesticide use in a
section of the study area recently has been compiled.
In a 1992-93 study, 19 farmers within a 20-mi radius
of Greeley (fig. 1) were asked to compile crop
and pesticide-use data for two consecutive growing
seasons (North Front Range Water Quality Planning
Association, written commun., 1993). Corn
(18 farms), dry beans (5 farms), and potatoes (5 farms)
were the most common crops grown. Three pesticides
used on corn—propargite (11 farms), terbufos
(10 farms), and dicamba (10 farms)—were the three
most commonly applied pesticides. The herbicides
EPTC (nine farms) and trifluralin (eight farms), which
commonly were applied to beans or potatoes in the
study area, were ranked four and five in pesticide use.
Pesticide use by crop type for the State of
Colorado for 1989 and 1992 was estimated by
Bohmont (1991, 1993). The 1989 estimates are broken
down into seven regions of the State, whereas the 1992
estimates are for the entire State. In the 1989 survey,
six of the seven counties in the “northeast” region also
are part of this study’s 10-county study area. The five
most common pesticides applied to irrigated crops
in the “northeast” region in 1989 were (1) EPTC,
(2) alachlor, (3) terbufos, (4) atrazine, and (5) butylate.
The five pesticides primarily were applied to corn.
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Agricultural pesticide use has been estimated
for the irrigated acreage in the 10-county study area
using 1992 county crop acreages, estimates of the
percentage of acres treated, and typical pesticide-
application rates for each crop (Bohmont, 1993,
Gianessi and Puffer, 1992a, b, ¢; U.S. Department of
Commerce, 1994a, b). The estimates represent an
upper limit of pesticide applications in the study area
because the estimates are the sum of county applica-
tions even though some parts of a county may not be
completely within the South Platte River Basin. In
1992, about 90 pesticides were applied to irrigated
acreage in the 10-county study area with a combined
application amount of about 2.8 million pounds of
active ingredients. The 20 most common pesticides
applied to irrigated land in the study area are listed in
table 3. The 20 pesticides (primarily herbicides)
accounted for about 80 percent of total pesticide usage
on irrigated land in 1992, and the top 5 pesticides
accounted for about 50 percent of total usage. Most

pesticides are applied to corn because corn is the
primary irrigated crop grown. Other primary crops to
which the top 20 pesticides were applied also are listed
in table 3.

Study Design

The agricultural study included two principal
components to assess the occurrence, distribution, and
transport of pesticides in the South Platte River during
the growing season—synoptic sampling along the
length of the South Platte River and weekly to
biweekly sampling at two sites, which are referred to
as anchor sites. Three pesticide synoptic rounds were
conducted during 1994. Twenty sites (10 main-stem
sites and 10 tributary sites) (fig. 2 and table 4) were
sampled as part of the synoptics. Three of the ten
tributaries are perennial streams that originate in the
Rocky Mountains (St. Vrain Creek, Big Thompson

Table 3. Estimated pesticide-application data for irrigated land in the 10-county agricultural study area, 1992

[Ibs, pounds; H, herbicide; I, insecticide; %, percent; values estimated using data from Bohmont, 1993; Gianessi and Puffer, 1992a, b, c;

U.S. Department of Commerce, 1994a, b]

Amount of
r a::ien g Pesticide Type actw:;:lgi:zdlent Primary crop(s) and percentage of total amount applied
(Ibs)
| Atrazine H 386,700 Corn (99%)
2 Alachlor H 378,900 Corn (90%), dry beans (7%)
3 Terbufos I 274,600 Corn (95%), sugar beets (5%)
4 EPTC H 203,700 Dry beans (50%), corn (43%), potatoes (4%)
5 Metolachlor H 194,200 Corn (94%), dry beans (4%)
6 Cyanazine H 118,800 Corn (97%)
7 Dicamba H 96,200 Corn (99%)
8 Pendimethalin H 68,500 Corn (83%), sunflowers (13%), dry beans (2%)
9 DCPA H 51,000 Onions (96%)
10 2,4-D H 49,000 Corn (75%), barley (11%), sod (6%), hay (4%)
11 Carbofuran I 45,900 Corn (60%), alfalfa (35%)
12 Chlorpyrifos I 44,400 Corn (66%), alfalfa (29%)
13 Ethofumesate H 44,400 Sugar beets (100%)
14 Propargite I 44,100 Corn (100%)
15 Phorate I 39,000 Corn (97%)
16 Trifluralin H 35,900 Dry beans (45%), alfalfa (19%), corn (18%), sunflowers (7%)
17 Cycloate H 34,500 Sugar beets (98%)
18 Dimethoate 1 24,500 Corn (90%), dry beans (7%)
19 Butylate H 21,100 Corn (100%)
20 Methyl parathion I 19,200 Corn (87%), alfalfa (5%), barley (3%),
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Pesticides in Surface Water in Agricultural and Urban Areas of the South Platte River Basin, from Denver, Colorado, to North Platte,
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PERCENTAGE OF STREAMFLOW AND PESTICIDE LOAD IN THE
SOUTH PLATTE RIVER ATTRIBUTED TO CHERRY CREEK
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Figure 28. Distribution of streamflow and pesticide loads in
the South Platte River at Denver attributed to Cherry Creek
(data are only for streamflows sampled and pesticides
detected at both sites on the same day).

The variability in the percentage of pesticide
loads from Cherry Creek is affected by several factors,
such as pesticide use, the timing of application, and
the hydrologic conditions at the time of sampling.
Hydrologic conditions varied between samples with
the variability in releases from upstream reservoirs
and from the spatial variability in rainfall and the
amount of subsequent runoff sampled.

SUMMARY

Historical data for pesticides in surface water in
the South Platte River Basin are scarce. As part of the
South Platte River NAWQA project, surface-water
samples were collected primarily during 1994 from
agricultural and urban areas to provide more data on
pesticides in streams of the basin. The following
sections summarize the pesticide data collected in the
agricultural area (" Agricultural Study" section) and in
the urban area ("Urban Study" section).

Agricultural Study

The first section of this report describes results
of pesticide data collected at surface-water sites in the
irrigated agricultural areas along the South Platte
River from Henderson, Colorado, to North Platte,
Nebraska. The purpose of this study was to document
the occurrence and spatial distribution of pesticides in
surface water in the South Platte River Basin during
the 1994 growing season. Water samples were
collected during May, June, and August 1994 at 16 to
20 sites along the main-stem South Platte River and at
the mouths of major tributaries. Pesticide data also
were collected approximately biweekly throughout the
growing season at two anchor sites.

The principal irrigated crops grown in the
10-county study area (in order of amount harvested)
are corn, hay, dry beans, sugar beets, wheat, and
barley. Corn is the primary crop grown in most coun-
ties of the study area, and corn predominates in coun-
ties in the downstream part of the study area. A larger
variety of crops are grown in counties in the upstream
part of the study area where, in addition to the major
crops listed above, minor crops such as vegetables,
onions, potatoes, and sod also are grown. About
2.8 million pounds of pesticides (active ingredients)
are applied annually to irrigated acreage in the
10-county study area. The principal pesticides used
(in order of use) are atrazine, alachlor, terbufos,
EPTC, metol-achlor, and cyanazine. These pesticides
primarily are used on corn.

During water year 1994, streamflow in the
South Platte River in the agricultural study area ranged
from about 40 to 50 percent of the 20-year (1976-95)
mean. Irrigation water demand was high throughout
the growing season, and irrigation ditches diverted
much of the water from the river; large offstream
reservoirs also were emptied by midsummer to help
meet the irrigation water demand. Streamflow at
synoptic main-stem sites was highest during the June
synoptic round, second highest in May, and lowest in
August.

Thirty-nine pesticides were detected at least
once during the agricultural study. Ten pesticides
accounted for about 80 percent of the synoptic detec-
tions. Of the 10 pesticides, 6 commonly are used for
irrigated agriculture in the study area (atrazine, metol-
achlor, DCPA, cyanazine, EPTC, and carbofuran); one
(desethylatrazine) is a metabolite of atrazine; two
(prometon and simazine) primarily are used for long-
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term weed control in noncropped areas; and one
(diazinon) is an insecticide used around households
and commercially on some vegetable crops.

Pesticide concentrations generally were less
than standards and guidelines for drinking water or
aquatic life. Average concentrations of individual
pesticides for the study period were less than MCL’s
and HA’s; however, the HA for cyanazine was
exceeded in two synoptic samples. Carbaryl, diazinon,
and bromoxynil were the only pesticides to exceed
aquatic-life criteria.

Atrazine, desethylatrazine, and prometon were
detected at every site in the agricultural study area.
The herbicides cyanazine, DCPA, metolachlor, EPTC,
and simazine and the insecticides carbofuran and diaz-
inon were detected at more than one-half of the sites.
Along the main-stem South Platte River, the number
of different pesticides detected and the total number of
detections were greater in the upstream reach from
Henderson to Kersey than in the downstream reach
from Kersey to North Platte. A greater variety of pesti-
cide detections in the upstream reach resulted from
(1) several detections of pesticides that are generally
associated with nonagricultural use in the basin;

(2) detections of insecticides that are applied to crops,
but also commonly are used in urban areas; and (3) the
miscellaneous detection of several pesticides due to
the larger variety of crops grown in the upstream
counties. The number of different pesticides detected
in the main stem steadily declined from a maximum at
Evans (16 pesticides) to a minimum at North Platte

(5 pesticides). At North Platte, pesticide detections
primarily were limited to common corn herbicides.

Pesticide concentrations (equal to or greater
than the pesticide MDL’s) generally were higher in
plains streams. Plains streams, compared to the main
stem and to tributaries that drain from the mountains,
contain smaller volumes of annual spring snowmelt
that dilute instream pesticide concentrations. Addi-
tionally, streamflow in plains streams primarily is
derived from irrigation return flows.

The timing of pesticide detections was related,
in part, to the timing of application. Herbicide detec-
tions were more numerous in May and June,
correlating with early season application. Insecticide
detections were most frequent in June, correlating with
mid-growing-season application.

The detection of individual compounds varied
spatially and temporally, indicating that differences
exist among pesticide use. For example, detections of

metolachlor, which commonly is applied to corn,
primarily were limited to sites downstream from
Platteville where most of the corn is grown. Detections
of diazinon, which is used in urban areas and on vege-
tables, primarily were limited to sites in the upper one-
half of the study area. The timing of application also
resulted in variations of detections. DCPA concentra-
tions were highest in May, following early season
application, and steadily declined throughout the
growing season, whereas propargite was detected for
only several weeks following its application to corn in
July. Temporal and spatial variability in detections is
also affected by a pesticide’s persistence in the envi-
ronment. For example, the detection of atrazine and
prometon at every site in almost all samples indicates
that these compounds are resistant to breakdown in the
environment. Conversely, carbofuran does not appear
to be as persistent in the environment because it was
not detected at any sites in August after being detected
at several sites in June.

Higher streamflows resulted in generally higher
pesticide loads at main-stem sites compared to tribu-
tary sites. In the South Platte River at Kersey, Colo-
rado, atrazine loads persisted throughout the study and
varied between about 0.5 to 1 pound per day. The
maximum pesticide load (about 2.9 pounds per day of
DCPA) occurred in Crow Creek during the May
synoptic round. Large DCPA loads probably did not
persist throughout the growing season because DCPA
loads at anchor sites steadily decreased throughout the
study period.

Ground-water discharge may transport atrazine,
desethylatrazine, and prometon to surface waters in
the study area. Residual streamflows in the main-stem
for the August synoptic round were positive, signi-
fying that ground water is a probable source of stream-
flow. Most residual loads for the three pesticides also
were positive, indicating that ground-water discharge
to the river may transport atrazine, desethylatrazine,
and prometon to the river. An increase in the desethyl-
atrazine to atrazine ratio (called the DAR) throughout
the study also may signify that ground water transports
atrazine and desethylatrazine to surface waters in the
study area.

Urban Study

Pesticide data were collected from the South
Platte River at Denver, Colorado, and Cherry Creek at
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Denver, Colorado, primarily during 1994 in order to
characterize urban pesticide occurrence across varying
hydrologic conditions and to compare pesticide load-
ings between a small and a large urban basin. Each site
was sampled 18 times; 8 of the samples at each site
were collected during storm-runoff conditions.

Although both sampling sites have headwaters
outside the urban area, upstream reservoirs or diver-
sions limit the volume of upstream water that passes
the sites. During the study period, water from outside
the urban area constituted about 50 percent of the
annual mean flow in the South Platte River at Denver;
water from upstream rangeland and rural areas consti-
tuted about 23 percent of the annual mean flow at
Cherry Creek at Denver. Urban sources of water to the
streams include wastewater-treatment-plant
discharges, inflows from urban tributaries, urban base
flow from the surrounding alluvial aquifer, and urban
stormwater runoff. Annual mean streamflow during
the study was only 52 percent of average in the South
Platte River but was 94 percent of average in Cherry
Creek.

Quantitative pesticide-use data are not available
for the Denver metropolitan area. Local surveys indi-
cate that 4 herbicides and 4 insecticides commonly are
available at lawn and garden stores, and 15 herbicides
and 5 insecticides commonly are used by commercial
applicators and managers of large urban tracts. Pesti-
cides common among all surveys were the herbicides
glyphosate, trifluralin, and 2,4-D and the insecticides
carbaryl, chlorpyrifos, and diazinon.

Twenty-eight pesticides were detected during
the urban study. Twenty-one of the pesticides were
detected in the South Platte River, whereas 25 of the
pesticides were detected in Cherry Creek. Nine pesti-
cides accounted for about 80 percent of the detections
in each drainage basin, indicating that pesticide use is
similar in each basin. Of the nine most commonly
detected pesticides, five (carbaryl, chlorpyrifos,
DCPA, diazinon, and malathion) commonly are used
by homeowners or commercial applicators in urban
areas of the South Platte River Basin; three (prometon,
simazine, and tebuthiuron) are herbicides generally
associated with nonagricultural uses in Colorado and
are used for long-term, nonselective weed control; and
one (atrazine) has had nonagricultural uses in Colo-
rado limited to roadside and turf application since
1992 when the USEPA accepted voluntary label revi-
sions for many atrazine-containing products.

Pesticide concentrations generally were less
than standards and guidelines for drinking water and
aquatic life, although the HA for diazinon was
exceeded in one sample from Cherry Creek. Aquatic-
life criteria were exceeded for carbaryl, diazinon, and
chlorpyrifos. Multiple pesticides were detected in all
of the samples. The effects of long-term exposure to
low concentrations of multiple pesticides on human
health and aquatic life are not well understood.
Currently, human health and aquatic-life standards are
set only for individual compounds. The USEPA is
considering establishing health standards for combina-
tions of triazine herbicides and their metabolites.

During the urban study, individual pesticide
concentrations were higher in storm-runoff samples
than in nonstorm-runoff samples. In the South Platte
River, 20 of the 21 pesticides detected had peak
concentrations in storm-runoff samples. In Cherry
Creek, 21 of the 25 pesticides detected had peak
concentrations in storm-runoff samples. The insecti-
cide carbaryl was the dominant pesticide in most of
the storm-runoff samples. Carbaryl concentrations in
storm-runoff samples generally were 1 to 2 orders of
magnitude higher than other pesticide concentrations.
DCPA, chlorpyrifos, and malathion generally were
detected only during storm-runoff events, indicating
that storm runoff is the predominant mechanism for
transporting these pesticides to Cherry Creek and the
South Platte River at Denver.

The detection of certain pesticides, such as atra-
zine, carbaryl, diazinon, prometon, and simazine,
during dry weather was substantial. Detections during
dry weather indicate that mechanisms other than storm
runoff transport pesticides to streams. Prometon and
simazine most likely are being transported with
ground water in the Cherry Creek Basin. Prometon
and simazine consistently were detected in dry-
weather samples when the outfall from Cherry Creek
Lake was dry or when ground water was the predomi-
nant source of water in the lower Cherry Creek Basin.
Additionally, all of the nondetections of prometon
(at both sites) and simazine (at Cherry Creek) occurred
in storm-runoff samples. Decreases in stream pesticide
concentrations during storms could result from dilu-
tion caused by the large percentage of surface runoff
sampled during storms.

The percentage of a particular pesticide load in
the South Platte River at Denver attributed to Cherry
Creek was not consistent. For example, the percentage
of carbaryl load at Denver from Cherry Creek on days
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when carbaryl was detected at both sites on the same
day ranged from 1 to 57 percent and correlated poorly
with the contribution of streamflow from Cherry
Creek. Overall, when detected at both sites on the
same day, the distribution of pesticide loads in the
South Platte River at Denver that was attributed to
Cherry Creek primarily ranged from 7 to 50 percent,
with a median value of 21 percent. Compared to the
median contribution of streamflow to the South Platte
River (12.5 percent), it appears that Cherry Creek
contributes proportionally more pesticides than
streamflow to the main stem.
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Table 16. Mean and standard deviation of pesticide recovery in four field-spiked samples determined by gas
chromatography/mass spectrometry

Mean recovery  Standard deviation Mean recovery  Standard deviation

Pesticide (percent) (percent) Pesticide (percent) (percent)
Alachlor 126 55 Malathion 130 15
Atrazine 113 7.1 Methyl parathion 262 60
Azinphos-methy] 141 7.4 Metolachlor 132 7.2
Benfluralin 113 6.6 Metribuzin 105 10
Butylate 109 94 Molinate 102 33
Carbaryl 132 74 Napropamide 91 3.6
Carbofuran 128 12 Parathion 255 28
Chlorpyrifos 107 13 Pebulate 96 45
Cyanazine 136 8.7 Pendimethalin 190 7.2
DCPA 113 6.6 cis-Permethrin 27 19
p.p’-DDE 58 35 Phorate 33 49
ﬁesethylatruine 44 4.0 Prometon 123 12
Diazinon 104 13 Pronamide 111 9.7
Dieldrin 86 54 Propachlor 109 42
2,6-Diethylaniline 87 44 Propanil 145 39
Disulfoton 20 2.7 Propargite 77 19
EPTC 96 45 Simazine 113 8.5
Ethalfluralin 136 52 Tebuthiuron 101 9.4
Ethoprop 115 5.0 Terbacil 97 14
Fonofos 119 8.7 Terbufos 72 9.1
alpha-HCH 106 8.0 Thiobencarb 128 84
gamma-HCH 132 7.8 Triallate 96 4.5
Linuron 147 0.7 Trifluralin 113 52
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