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Foreword

The U.S. Geological Survey (USGS) is committed to providing the Nation with credible scientific information

that helps to enhance and protect the overall quality of life and that facilitates effective management of water,
biological, energy, and mineral resources (http://www.usgs.gov/). Information on the Nation's water resources

is critical to ensuring long-term availability of water that is safe for drinking and recreation and is suitable for
industry, irrigation, and fish and wildlife. Population growth and increasing demands for water make the availability
of that water, now measured in terms of quantity and quality, even more essential to the long-term sustainability of
our communities and ecosystems.

The USGS implemented the National Water-Quality Assessment (NAWQA) Program in 1991 to support national,
regional, State, and local information needs and decisions related to water-quality management and policy
(http://water.usgs.gov/nawqa). The NAWQA Program is designed to answer: What is the condition of our
Nation's streams and ground water? How are conditions changing over time? How do natural features and

human activities affect the quality of streams and ground water, and where are those effects most pronounced?
By combining information on water chemistry, physical characteristics, stream habitat, and aquatic life, the
NAWAQA Program aims to provide science-based insights for current and emerging water issues and priorities.
From 1991-2001, the NAWQA Program completed interdisciplinary assessments and established a baseline
understanding of water-quality conditions in 51 of the Nation’s river basins and aquifers, referred to as Study Units
(http://water.usgs.gov/nawqa/studyu.html).

Multiple national and regional assessments are ongoing in the second decade (2001-2012) of the NAWQA
Program as 42 of the 51 Study Units are reassessed. These assessments extend the findings in the Study Units by
determining status and trends at sites that have been consistently monitored for more than a decade, and filling
critical gaps in characterizing the quality of surface water and ground water. For example, increased emphasis has
been placed on assessing the quality of source water and finished water associated with many of the Nation's
largest community water systems. During the second decade, NAWQA is addressing five national priority topics
that build an understanding of how natural features and human activities affect water quality, and establish links
between sources of contaminants, the transport of those contaminants through the hydrologic system, and the
potential effects of contaminants on humans and aquatic ecosystems. Included are topics on the fate of agricultural
chemicals, effects of urbanization on stream ecosystems, bioaccumulation of mercury in stream ecosystems, effects
of nutrient enrichment on aquatic ecosystems, and transport of contaminants to public-supply wells. These topical
studies are conducted in those Study Units most affected by these issues; they comprise a set of multi-Study-Unit
designs for systematic national assessment. In addition, national syntheses of information on pesticides, volatile
organic compounds (VOCs), nutrients, selected trace elements, and aquatic ecology are continuing.

The USGS aims to disseminate credible, timely, and relevant science information to address practical and effective
water-resource management and strategies that protect and restore water quality. We hope this NAWQA
publication will provide you with insights and information to meet your needs, and will foster increased citizen
awareness and involvement in the protection and restoration of our Nation's waters.

The USGS recognizes that a national assessment by a single program cannot address all water-resource issues of
interest. External coordination at all levels is critical for cost-effective management, regulation, and conservation
of our Nation's water resources. The NAWQA Program, therefore, depends on advice and information from other
agencies—*Federal, State, regional, interstate, Tribal, and local—as well as nongovernmental organizations,
industry, academia, and other stakeholder groups. Your assistance and suggestions are greatly appreciated.

Robert M. Hirsch
Associate Director for Water


http://www.usgs.gov/
http://water.usgs.gov/nawqa
http://water.usgs.gov/nawqa/studyu.html
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liter (L) 0.264172051 gallon (gal)
Flow rate
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Mass
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Datum
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AZM azinphos-methyl (an orthophosphate insecticide)

BQ max Maximum Benchmark Quotients

BMPs best management practices

BT Bacillus thuringiensis kurstaki (a bacteria used as a biocide)

CCME Canadian Council of Ministers of the Environment

CAAT 2-chloro-4,6-diamino-1,3,5-s-triazine (desethyl-desisopropyl-atrazine)
(an atrazine degradate)

CIAT 2-chloro-4-isopropylamino-6-amino-s-triazine (deethylatrazine)(an atrazine
degradate)

CWMG Clackamas Watershed Management Group

DCA 3,4-dichloroaniline (a diuron degradate)

DCPA dimethyl-tetrachloroterephthalate (an herbicide also known as dacthal)

DDE dichlorodiphenyl-dichloroethane (a degradate of the insecticide DDT)

DEET N,N-diethyl-m-toluamide (an insect repellant)

DNOC 4,6-dinitro-o-cresol (an herbicide)
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POCIS
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USEPA
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Pesticide Occurrence and Distribution in the Lower
Clackamas River Basin, Oregon, 2000-2005

By Kurt D. Carpenter, Steven Sobieszczyk, Andrew J. Arnsberg, and Frank A. Rinella

Abstract

Pesticide occurrence and distribution in the lower
Clackamas River basin was evaluated in 2000-2005, when 119
water samples were analyzed for a suite of 86-198 dissolved
pesticides. Sampling included the lower-basin tributaries and
the Clackamas River mainstem, along with paired samples of
pre- and post-treatment drinking water (source and finished
water) from one of four drinking water-treatment plants that
draw water from the lower river. Most of the sampling in the
tributaries occurred during storms, whereas most of the source
and finished water samples from the study drinking-water
treatment plant were obtained at regular intervals, and targeted
one storm event in 2005.

In all, 63 pesticide compounds were detected, including
33 herbicides, 15 insecticides, 6 fungicides, and 9 pesticide
degradation products. Atrazine and simazine were detected in
about half of samples, and atrazine and one of its degradates
(deethylatrazine) were detected together in 30 percent of
samples. Other high-use herbicides such as glyphosate,
triclopyr, 2,4-D, and metolachlor also were frequently
detected, particularly in the lower-basin tributaries. Pesticides
were detected in all eight of the lower-basin tributaries
sampled, and were also frequently detected in the lower
Clackamas River.

Although pesticides were detected in all of the lower
basin tributaries, the highest pesticide loads (amounts) were
found in Deep and Rock Creeks. These medium-sized streams
drain a mix of agricultural land (row crops and nurseries),
pastureland, and rural residential areas. The highest pesticide
loads were found in Rock Creek at 172nd Avenue and in two
Deep Creek tributaries, North Fork Deep and Noyer Creeks,
where 15-18 pesticides were detected. Pesticide yields (loads
per unit area) were highest in Cow and Carli Creeks, two small
streams that drain the highly urban and industrial northwestern
part of the lower basin. Other sites having relatively high
pesticide yields included middle Rock Creek and upper Noyer
Creek, which drain basins having nurseries, pasture, and rural
residential land.

Some concentrations of insecticides (diazinon,
chlorpyrifos, azinphos-methyl, and p,p’-DDE) exceeded
U.S. Environmental Protection Agency (USEPA) aquatic-
life benchmarks in Carli, Sieben, Rock, Noyer, Doane, and
North Fork Deep Creeks. One azinphos-methyl concentration
in Doane Creek (0.21 microgram per liter [ug/L]) exceeded
Federal and State of Oregon benchmarks for the protection of
fish and benthic invertebrates. Concentrations of several other
pesticide compounds exceeded non-USEPA benchmarks.

Twenty-six pesticides or degradates were detected in
the Clackamas River mainstem, typically at much lower
concentrations than those detected in the lower-basin
tributaries. At least 1 pesticide was detected in 65 percent
of 34 samples collected from the Clackamas River, with an
average of 2-3 pesticides per sample. Pesticides were detected
in 9 (or 60 percent) of the 15 finished water samples collected
from the study water-treatment plant during 2003-2005. These
included 10 herbicides, 1 insecticide, 1 fungicide, 1 insect
repellent, and 2 pesticide degradates. The herbicides diuron
and simazine were the most frequently detected (four times
each during the study), at concentrations far below human-
health benchmarks—USEPA Maximum Contaminant Levels
or U.S. Geological Survey human Health-Based Screening
Levels (HBSLs). The highest pesticide concentration in
finished drinking water was 0.18 pg/L of diuron, which was
11 times lower than its low HBSL benchmark. Although 0-2
pesticides were detected in most finished water samples, 9
and 6 pesticides were detected in 2 storm-associated samples
from May and September 2005, respectively. Three of the
unregulated compounds detected in finished drinking water
(diazinon-oxon, deethylatrazine [CIAT], and N, N-diethyl-m-
toluamide [DEET]) do not have human-health benchmarks
available for comparison.

Although most of the 51 current-use pesticides detected
have multiple uses, 48 (or 94 percent) can be used on
agricultural crops. Ninety-two percent can be used on nursery
or floriculture crops; about one-half are commonly used on
either lawns and landscaping in urban areas (57 percent), on
golf courses (49 percent), along roads and right-of-ways (45
percent), and some can be used on forestland (7 percent).
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Introduction

Background

In Oregon, more than 11,000 pesticide products are
registered for use to control brush, weeds, insects, fungi,
rodents, nematodes, and other pests. This includes 771 active
ingredients (Janet Fults, Oregon Department of Agriculture,
written commun., 2008). Much of the pesticide use is on
agricultural crops, home gardens, lawns, landscaping in urban
and industrial areas, golf courses, forestland, and along rights-
of-way such as roads, railways, and utility lines. During the
past 15-20 years, studies conducted by the U.S. Geological
Survey (USGS) National Water-Quality Assessment
(NAWQA) Program have documented widespread occurrence
of pesticides and degradates in streams and ground water
in the United States, especially in areas affected by human
development. More than 90 percent of water samples from
streams in agricultural, urban, or mixed-land-use settings
contained 2 or more pesticide compounds, with 5 or more
pesticide detections occurring in 70 percent of samples, and
10 or more compounds occurring in 20 percent of samples
(Gilliom and others, 2006).

Previous studies conducted in Oregon indicate that a
wide variety of pesticides and degradates are making their
way into streams (Anderson and others, 1997; Rinella and
Janet, 1998; Wentz and others, 1998; Wood, 2001; Grange,
2002; Sandahl and Jenkins, 2002) and ground water (Hinkle,
1997). Studies by Anderson and others (1997) and Rinella
and Janet (1998) detected 36 and 50 pesticides, respectively,
in Willamette Valley streams and discovered that the large
diversity of crops grown in the northern Willamette Valley (for
example, row crops, berries, nurseries, and vineyards) results
in a wide variety of pesticides being applied and later detected
in these streams. In the southern valley, however, the diversity
of crops is small, consisting primarily of grass seed and other
seed crops (Anderson and others, 1996), which reduced the
types and variety of pesticides detected (Anderson and others,
1997).

The Clackamas River in northwestern Oregon originates
on the western slope of the Cascade Mountains and enters
the Willamette River south of Portland, downstream of the
Tualatin River and Willamette Falls. The Clackamas River
drains a diverse landscape of natural and developed areas,
including forestland, agricultural areas, industrial land,
rural residential areas, golf courses, and dense suburban
developments (pl. 1). In 2000, the USGS began sampling
for pesticides in the Clackamas River basin as part of a
cooperative study with the Clackamas Watershed Management
Group (CWMG). The first pesticide study included samplings
during two storm events (May and October 2000). A total
of 27 pesticides and degradates were detected in either the

lower Clackamas River or in major lower-basin tributaries that
discharge to the Clackamas River upstream of drinking-water
intakes (Carpenter, 2004).

Pesticide concentrations during this first study were
highest in Sieben and Rock Creeks—two relatively small
streams on the northern side of the lower Clackamas River
basin. These streams drain basins that are being urbanized
from forested, agricultural, and rural residential land into
suburban developments. The highest pesticide loads (or
amounts) entering the Clackamas River were found in Deep
Creek, a large tributary that drains the area southeast of
Boring. Deep Creek and its tributaries drain large areas of
nursery and greenhouse operations along with rural residential
property and the city of Sandy and community of Boring
(pl.1).

The occurrence of pesticides in the Clackamas River and
its tributaries is of concern to Federal, State, and local natural
resource agencies and drinking water providers that use this
valued resource. In addition to providing a source of drinking
water for more than 300,000 residents, the Clackamas River is
home to several species of anadromous salmon and steelhead,
resident fish and other aquatic life, and some fish species
are listed as threatened under the Endangered Species Act
(National Marine Fisheries Service, 2006).

In 2001, the USGS NAWQA Program initiated a Source
Water Quality Assessment (SWQA) study to characterize the
water quality of major rivers and aquifers used as a source of
water supply to community water systems in the United States.
In 2002, the Clackamas River was selected to be one of nine
community water systems to be sampled as part of the surface-
water component of the SWQA study (Carter and others,
2007). This study built on the initial drinking-water pilot
studies conducted by the USGS and USEPA, which examined
the quality of pre- and post-treated (source and finished)
drinking water from 12 water-supply reservoirs across the
country (Blomquist and others, 2001; Coupe and Blomquist,
2004). These latter studies indicated that conventional water
treatment did not completely remove pesticides and degradates
during treatment, and although all concentrations were
less than USEPA drinking-water standards, 9-30 pesticide
compounds were detected in finished water from each of
the 12 water-treatment plants (median number of pesticide
compounds detected was 23).

These and other studies utilizing low-level (parts per
billion, or lower) methods have detected pesticides and other
contaminants in source and finished water, which raises
concerns about the potential implications for human health
and aquatic life in these rivers. Studies of the potential for
cumulative effects from exposure to multiple pesticide
compounds are needed to address such concerns because
pesticides seldom occur in streams by themselves—they are
nearly always found with other pesticides and degradates in
multicompound mixtures (Gilliom and others, 2006).



Study Purpose and Report Scope

This report includes data from four USGS studies
conducted between 2000 and 2005. The initial study included
sampling of the mouths of the major lower-basin tributaries,
plus a limited number of samples collected from the lower
Clackamas River and of finished drinking water (Carpenter,
2004). Since then, three additional studies: the Source Water-
Quality Assessment (SWQA) and Effects of Urbanization
on Stream Ecosystems (EUSE) topical studies, and a USGS/
Clackamas Watershed Management Group (CWMG)
project in 2005 (repeat of 2000 study), have provided more
information on the occurrence and distribution of pesticides in
the lower Clackamas River basin. In all, about 119 pesticide
samples were collected from 30 sites during the 6-year period
(fig. 1; tables 1 and 2).

Two of the previously mentioned three additional studies
were part of the USGS NAWQA Program. The SWQA
drinking-water study examined the quality of source and
finished water from the Clackamas River and eight other
community water systems across the country (Carter and
others, 2007). The EUSE study investigated the physical,
chemical, and biological effects of urbanization on streams
(lan Waite, U.S. Geological Survey, written commun., 2007),
with 3 sites in the Clackamas River basin included in the
sampling along with 25 other streams. In 2005, a fourth
pesticide study was conducted, another collaboration between
the USGS and CWMG that included targeted sampling during
one autumn and one spring storm. More details on each study
are provided below.

Sampling of the Clackamas River for pesticides and
other synthetic organic compounds as part of the SWQA
study began in 2002. This two-phase study included sampling
of source water (from a source water tap at the study water-
treatment plant) in 2002-03 (Phase 1). During Phase 2
(2004-05), source and finished water samples from the same
water-treatment plant were analyzed. During the SWQA and
the USGS/CWMG repeat study in 2005, the treatment process
at the water-treatment plant tested used direct filtration with
multimedia rapid-sand filtration technology (anthracite coal,
silica sand, and garnet sand). Coagulation chemicals and
disinfectant (aluminum sulfate, aluminum chlorohydrate, and
gaseous chlorine [CL,]) are injected near the beginning of the
treatment process. A filter aid polymer is injected between
sedimentation and filtration to enhance particle removal by
the filter media. Occasionally, powdered activated carbon
(PAC) was used at concentrations of between 2 and 5 mg/L as
a final treatment step to reduce odors and improve taste, most
often during summer months. Pesticide data collected during
the SWQA are interpreted in this report, but the other data
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collected for the SWQA study, including information on other
anthropogenic organic and wastewater-related compounds, are
published in Carter and others (2007).

The 2003-04 EUSE study included three streams in
the Clackamas River basin (all within the Deep Creek basin)
that were sampled as part of a larger study in the Vancouver,
Portland, Salem, and Eugene metropolitan areas (lan Waite,
U.S. Geological Survey, written commun., 2007). Three
Clackamas River basin sites—North Fork Deep Creek, Tickle
Creek, and upper Deep Creek—were sampled six times each
for pesticides, nutrients, suspended sediment, and other water-
quality constituents. Information on biological assemblages,
including fish, benthic (bottom dwelling) invertebrates, and
algae also were collected once from each stream during low-
flow conditions in 2004. Contaminant data also were collected
from semipermeable membrane devices (SPMDs), which were
placed in the river to sequester pesticides and other organic
compounds over a period of about 30 days. Data from this
study are being used to characterize biological assemblages
as they relate to urbanization and stream conditions, including
pesticide occurrence during high- and low-flow conditions.
Water sampling did not, however, target storm runoff during
the EUSE study.

The most recent 2005 storm event sampling study,

a repeat and expansion of the 2000 spring/autumn storm
event study, included most of the initial sites plus additional
sampling locations in the Sieben, Rock, and Deep Creek
basins to further identify pesticide source areas. In 2005,
Carli and Cow Creeks were added to the network of sampling
sites to characterize storm-runoff conditions from these
highly urbanized basins. These two streams drain the lower
northwestern part the lower Clackamas River basin, where
most of the commercial and industrial development is
located. The most extensive storm event sampling occurred
in September 2005, when 24 tributaries, the lower Clackamas
River (source water), and finished water from the study
drinking-water treatment plant were sampled for dissolved
pesticides during a 1.5-inch rainfall event. During this storm,
about a dozen sites in the Deep Creek basin were sampled,
including multiple sites within the Noyer, North Fork Deep,
and Tickle Creek basins, where much of the agricultural
nursery land is concentrated.

This report summarizes data collected from the four
USGS studies conducted between 2000 and 2005, and
describes the spatial and temporal patterns in the occurrence
of pesticides in the lower Clackamas River basin. This report
also evaluates the potential for risks to aquatic life and human
health by comparing pesticide concentrations to established
benchmarks, when available, and concludes with potential
directions for further study.
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6 Pesticide Occurrence and Distribution in the Lower Clackamas River Basin, Oregon, 2000-2005

Table 2. Pesticide data-collection activities in the lower Clackamas River basin, Oregon, 2000-2005.

[For a complete list of compounds analyzed in each schedule, refer to appendix table B1. Number of samples: Excludes quality-control samples.
Abbreviations: CWMG, Clackamas Watershed Management Group; SWQA, Source Water-Quality Assessment (NAWQA study); EUSE, Effects of
Urbanization on Stream Ecosystems (NAWQA study); NAWQA, National Water-Quality Assessment Program; USGS, U.S. Geological Survey]

Site types sampled

Study Years Analytical schedules Clackamas ~ Finished ~Storm Number of
Tributaries River/source drinking €vents —samples
water water
Pesticide Study—Phase 1 (USGS/ICWMG) 2000-2001 2010, 9060 X X X X 21
SWQA-Phase 1 (NAWQA) 2002-2003 2003, 2060, 1433, 2020 X 18
EUSE (NAWQA) 2003-2004 2003, 2060 X 18
SWQA-Phase 2 (NAWQA) 2004-2005 2003, 2060, 1433, 2020 X X 28
Pesticide Study—Phase 2 (USGS/ICWMG) 2005 2001, 2060, 4024+ X X X X 34

1 Source and finished drinking-water samples (only) also were analyzed using schedules 2002 and 2003.

Methods

Field Data Collection

Sample Collection—Depth- and width-integrated
water samples were collected at stream sites using a DH-81
hand sampler with cap and nozzle assembly attached to a
1-3 liter (L) Teflon® bottle (Edwards and Glysson, 1999),
or if depths were shallow, by compositing width-integrated,
hand-dipped samples into 1-L baked amber glass bottles, and
composited into 3-L Teflon® bottles. During the 2005 storm
synoptic samplings, width-integrated samples were sometimes
collected in well-mixed streams using a large (15-18 L) glass
carboy. Some of these samples were processed through a
Teflon® churn splitter to produce split samples for the Oregon
Department of Environmental Quality laboratory for analysis
of select organophosphate, triazine, and pyrethroid pesticides
in unfiltered water. These data are not included in this report.

Source and finished drinking-water samples were
collected using trace-level (parts-per-billion) protocols
developed by the NAWQA Program for dissolved pesticides
(Wilde and others, 2004). Samples were collected from the
drinking-water treatment plant taps into either a 14-L Teflon®
churn splitter or 20-L glass carboy. With minor variation,
finished samples were collected approximately 90 minutes
after source water samples to approximate travel time through
the water-treatment plant. Samples were placed into clean
plastic cans, packed in ice, and transported to the Oregon
Water Science Center laboratory in Portland, Oregon, for

processing. Streamflow was measured according to standard
USGS guidelines (Rantz and others, 1982), and continuous
streamflow was obtained from the USGS streamflow-gaging
stations in the lower Clackamas River at Estacada and near
Oregon City.

Data Quality Control—About 20 percent of the
water samples were submitted for quality control (QC). For
pesticides, this included 15 field equipment blanks and 1
laboratory blank sample submitted to check for potential
contamination in the sampling, processing, and laboratory
analysis. Eleven replicate (split) samples were collected to
check laboratory variability, and seven native stream and
organic-free blank water samples were “spiked” with known
additions of pesticides to measure the analytical accuracy
of the reported concentrations, expressed as a percentage of
individual compound recoveries. In addition, all pesticide
samples (QC and regular samples) received synthetic tracer
compounds (surrogate spikes) to track their recovery during
analysis.

An evaluation of results for QC samples is presented in
appendix A. In summary, all pesticide blank samples were free
of pesticides, indicating a very low potential for false positives
to occur for pesticides in the samples collected for the current
study. Replicate QC samples showed good reproducibility
in analytical results for concentrations in most cases. All
pesticide concentration data used in this report can be obtained
from the Clackamas River Basin Water-Quality Assessment
Web page, http://or.water.usgs.gov/clackamas/. The source and
finished water data from the SWQA study are published in
Carter and others (2007).



http://or.water.usgs.gov/clackamas/

Water Sample Processing and Laboratory
Analysis

Water samples for pesticides were filtered through
0.7-um baked glass-fiber (GF) filters into 1-L baked amber
glass bottles. An ascorbic-acid based dechlorinating powder
(quenching agent) was added to samples of finished drinking
water in 2004 and 2005 to remove the chlorine from the
samples (Mark Sandstrom, U.S. Geological Survey, oral
commun., 2006). Water samples collected from the tributaries
and the Clackamas River, including the source water samples
collected at the water-treatment plant, were not chlorinated
and did not receive the dechlorinating powder.

Water samples were shipped to the USGS National Water
Quality Laboratory in Denver, Colorado, where they were
analyzed for between 86 and 198 pesticides and degradates,
depending on the individual study, using a C-18 solid phase
extraction, gas chromatography/mass spectrometry (GC/MS)
method (Zaugg and others, 1995; Lindley and others, 1996;
Furlong and others, 2001). These laboratory methods are able
to detect organic contaminants at trace concentrations (parts-
per-billion, or lower), and are rigorously evaluated to establish
detection limits based on statistical analysis of compound
performance during analysis. When a pesticide is detected,
there is a high degree of certainty (greater than 99 percent
confidence) that the compound is present.

Pesticide detections occurring at concentrations less than
assigned detection levels were quantified by the laboratory,
but received an estimate code (remark code of “e”) qualifying
the concentration in the USGS database. Values were coded
“e” by the laboratory when (1) certain compounds had
poor recoveries or were particularly difficult to analyze,

(2) sample matrix effects from chemical mixtures in storm
runoff, for example, resulted in analytical difficulties, or

(3) concentrations were less than the laboratory reporting level
(LRL), but higher than the method detection level (MDL).
Concentrations less than the LRL (also called the quantitation
level) are difficult to quantify but considered to be nonzero.
The accuracy of these estimated values are statistically less
than values that were not coded “e,” but the probability of a
false positive is less than 1 percent whether values were coded
“e” or not.

Differing suites (or schedules) of pesticides were
analyzed in water samples collected during the different
studies, depending on project goals, so interpretations
regarding pesticide occurrence and distribution need to
consider which pesticides were analyzed and when. Tributary
samples collected during the four storm events in 2000 and
2005 were, for the most part, analyzed for a similar suite
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of pesticides and are relatively comparable. In 2000, storm
samples were submitted for laboratory schedules 2010 and
2050, whereas schedules 2001 and 2060 (nearly identical
suites of compounds) were used for the storm samples
collected in 2005. These schedules cover 86 of the most
commonly used pesticides in the United States. Samples
collected for the USGS urbanization study were tested
for a smaller subset of pesticides (about 65 pesticides and
degradates) analyzed in schedule 2003. The SWQA samples
were analyzed for about 130 pesticides in schedules 2003 and
2060. Pesticides and schedules in which they are included
are presented in appendix B, table B1. During the May and
September 2005 storm event samplings (only), glyphosate
and two glyphosate degradates (AMPA and glufosinate) were
analyzed. One herbicide (dichlobenil—the active ingredient
in Casoron™) was detected at relatively high concentrations
(8.0 and 16.8 pg/L) in Sieben Creek during 2000 (Carpenter,
2004), but laboratory analysis of dichlobenil was discontinued
after 2001 because of difficulties associated with its analysis.
Turbidity data were collected from unfiltered grab
samples collected during the May and September 2005
storm events, and from the continuous monitor operated
by the USGS in the Clackamas River at river mile 1.3 near
Oregon City. The grab samples were analyzed at the USGS
Oregon Water Science Center laboratory with a Hach 2001N
benchtop turbidity analyzer, which reports in Nephelometric
Turbidity Ratio Units (NTRUS). The continuous water-quality
monitor reports turbidity in Formazin Nephelometric Units
(FNUs), which are comparable (not identical) to NTRUs. The
continuous monitor data, related reports, and other data are
available on the project Web page, http://or.water.usgs.gov/
clackamas/.

Land-Cover Data Analyses

Land-cover data were derived for each sampling site
from 30-meter resolution satellite data collected in 2001:
USGS National Land Cover Data (NLCDO01) (U.S. Geological
Survey, 2005). The NLCDO1 for Clackamas County was
modified from the Coastal Change Analysis Program data
(National Oceanic and Atmospheric Administration, 2005)
by adjusting to match the USGS protocols and classification
scheme to be consistent with NLCDO1 datasets for other
parts of the country. These land-cover data represent the
Anderson Level |1 classification scheme (Anderson and others,
1976). Land-cover values for each site/basin (table 1) were
tabulated using Geographic Information System (GIS) Spatial
Analyst Tools extension software in Arc GIS, version 9.1,
Environmental Systems Research Institute (ESRI).


http://or.water.usgs.gov/clackamas/
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Comparisons of Pesticide Concentrations to
Aquatic-Life and Human-Health Benchmarks

A screening-level assessment was conducted to evaluate
the concentrations of pesticides detected in the tributaries and
mainstem Clackamas River, and in finished drinking water,
to aquatic-life and human-health benchmarks, respectively.
Pesticide concentrations in the tributaries and mainstem
Clackamas River were compared with aquatic-life benchmarks
from the USEPA Office of Water, USEPA Office of Pesticide
Programs, State of Oregon Department of Environmental
Quality, and other agencies, such as the National Academy
of Sciences/National Academy of Engineering (NAS/NAE)
and the Canadian Council of Ministers of the Environment
(CCME). Pesticide concentrations in finished drinking
water were compared to human-health benchmarks, such
as USEPA Maximum Contaminant Levels (MCLS) or, for
unregulated compounds, to newly established Health-Based
Screening Levels (HBSLs), when available. These human-
health benchmarks were developed to evaluate long-term
concentrations, not the instantaneous pesticide concentrations
measured during the study.

HBSLs are nonregulatory benchmarks that may indicate
a potential concern for human health when concentrations
exceed benchmarks (Toccalino and others, 2006). HBSLs
were developed by the USGS in collaboration with the
USEPA, the Oregon Health and Science University, and the
New Jersey Department of Environmental Protection for
compounds without USEPA drinking-water standards. HBSLs
for unregulated contaminants are calculated using (a) standard
USEPA Office of Water (OW) equations for establishing
drinking-water guideline values (Lifetime Health Advisory
(HA-L) and Cancer Risk Concentration values) for the
protection of human health and (b) the most current USEPA
peer-reviewed, publicly available human-health toxicity
information (Toccalino and others, 2003; Toccalino, 2007).
For noncarcinogens, the HBSL represents the contaminant
concentration in drinking water that is not expected to cause
adverse effects over a lifetime of exposure. For carcinogens,
the HBSL range represents the contaminant concentration
in drinking water that corresponds to an excess estimated
lifetime cancer risk of 1 chance in 1 million (low HBSL)
to 1 chance in 10,000 (high HBSL). HBSL calculations
adopt USEPA assumptions for establishing drinking-water
guidelines, namely, lifetime ingestion of 2 L of water per day
by a 70-kilogram adult. For noncarcinogens, 20 percent of the
total contaminant exposure is assumed to come from drinking-
water sources, and 80 percent is assumed to come from other
sources (for example, food and air). If data are available to

quantify the percentage of contaminant exposure that comes
from water, then a data-derived percentage is used instead of
the default of 20 percent (Toccalino and others, 2006).
Because HBSLs are calculated using USEPA cancer
classifications, USEPA toxicity data, and standard OW
equations for establishing drinking-water guideline values,
HBSLs are equivalent to existing USEPA Cancer Risk
Concentration and HA-L values (when they exist), except
for compounds for which more recent toxicity information
has become available (Toccalino, 2007). The screening-
level assessment used in this study was intended to identify
pesticides that may be of potential concern or to prioritize
needs for further investigation. Screening-level assessments
are not designed to evaluate specific effects of contaminants
on human health, and are not a substitute for comprehensive
risk assessments, which generally include many additional
factors, including multiple avenues of exposure (Toccalino and
others, 2006). The USGS and its partners are continuing to
refine the HBSL methodology—additional information about
HBSLs and ongoing research is available at http://infotrek.
er.usgs.gov/traverse/f?p=HBSL:HOME:3987754988573050.
In this report, contaminant concentrations were evaluated
using maximum Benchmark Quotients (BQ max) values—
ratios of the maximum measured contaminant concentrations
detected to benchmark values, such as drinking water MCLs,
HBSL, or aquatic-life benchmarks. The benchmark quotient
ratios provide a way of evaluating the relative toxicity for each
of the detections because it normalizes individual pesticide
concentrations to their benchmarks. This approach does not,
however, consider the potentially additive or synergistic effects
of exposure to multiple compounds.

Calculation of Pesticide Toxicity Index—PTI
Values

To address the issue of evaluating the potentially
cumulative effects of multiple pesticide exposure on aquatic
life, an additive model called the Pesticide Toxicity Index
(PTI) developed by Munn and Gilliom (2001) and refined
by Munn and others (2006) was used. The PTI provides an
indication of the potential toxicity of a sample by adding
individual toxicity quotients for pesticides detected in a
sample, and although the PTI does not determine whether
water in a sample is toxic, the values can be used to rank
or compare the toxicity of samples on a relative basis. The
PTI approach may be useful as a basis for comparing the
significance of pesticides in different streams on a common
basis, for evaluating relations between pesticide exposure and
observed biological conditions, and for prioritizing future
studies.


http://infotrek.er.usgs.gov/traverse/f?p=HBSL:HOME:3987754988573050
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The PTI was calculated as the sum of the toxicity
quotients for each pesticide detected in a sample, or the
concentration divided by the median toxicity endpoint,
typically an LC, (the lethal concentration for 50 percent of a
test population) for a 96-hour chemical exposure:

PT I =>E/MTC, | )
where
E, is the concentration of pesticide i,
MTC, , is the median toxicity concentration for
the pesticide i for taxonomic group X,
n is the number of pesticides, and
E and MTCare expressed in micrograms per liter
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Results

Streamflow and Turbidity Conditions

Water samples were collected during 2002-2005 over a
range of streamflow conditions (fig. 2), although most samples
were collected during storms. Some of the low-flow samples
were collected from the mainstem Clackamas River in 2001
during winter base-flow conditions in January and during
summer low-flow conditions in August (Carpenter, 2004).

The three Deep Creek basin sites included in the USGS EUSE
study were sampled for pesticides six times each between
November 2002 and August 2004, including high- and low-
flow conditions, but sampling did not target storm runoff

(ug/L). (fig. 2).
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Figure 2.
Clackamas River at Oregon City, Oregon, 2002—2005.

Distribution of data-collection activities and streamflow and turbidity conditions in the lower
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Water samples were collected from the
Clackamas River during a range of streamflow
conditions in 2002-2005 for the SWQA study,
including low-flow (summer base flow), moderate,
and high-flow conditions, but storms were purposely
avoided by design. The SWQA study aimed to
characterize the quality of source and finished
drinking water supplies during representative
conditions, not during periodic episodes of storm
runoff. One set of source and finished water samples,
however, was collected from the study water-treatment
plant on May 18, 2005, during an elevated turbidity
event in the mainstem Clackamas River (8.7 FNUs;
appendix C, table C4). The mainstem Clackamas
River (source water) was sampled during two storm
events in May and September 2005, along with
finished drinking water from the one treatment plant
during the September 2005 storm.

The storm samplings in May and September 2005
were designed to characterize pesticide concentrations
during the spring high-use period and during the first
major storm in autumn (fig. 3). In May, storm samples
were collected from nine tributary sites plus source
water from the water-treatment plant in the lower
Clackamas River. In September, 24 tributary sites plus
source and finished water from the water-treatment
plant in the lower Clackamas River were sampled
following several hours of heavy rainfall (fig. 4). In
September, the storm came in two waves—the first
arrived in the morning, when the urban streams—
Sieben and Carli Creeks—were sampled, while other
streams were sampled in the afternoon after a second
front of rain (fig. 4). The turbidity levels in some of
the lower Clackamas River tributaries were especially
high during these two storms, especially upper Noyer
Creek at Highway 212, where the turbidity was 670
NTRUSs during the May 2005 storm, and 2,500 NTRUs
during the September 2005 storm (appendix C,
table C4; also, see cover photograph). Inputs of highly turbid
water from the tributaries can produce elevated turbidity levels
in the mainstem Clackamas River during or following rainfall
(fig. 2). For example, turbidity in the lower Clackamas River
increased from less than 1 to greater than 120 FNUs during the
September 2005 storm (fig. 3), largely due to inputs from the
lower-basin tributaries.

Samples collected from the different tributaries may not
be directly comparable because of the patchy distribution
of rainfall during storms, variations in the degree to which
streams responded to rainfall, and where on the storm
hydrograph samples were collected. In some instances,
streams were sampled during peak runoff, producing
relatively high instantaneous loads of pesticides. At other
sites, samples were collected at the beginning of the storm
before significant runoff had occurred. Streamflow conditions

Stormwater runoff produces high turbidity in lower Deep Creek.
(Photograph taken October 2000.)

during the September 2005 storm show, for example, the
effects of sample-collection timing at two of the Rock Creek
sites. Rock Creek at Stoneybrook Court (the downstream

site) was sampled in the morning, prior to the onset of the
heavy rains and runoff that occurred later in the day. Although
turbidity was elevated (15 NTRUSs), this sample contained
fewer compounds and had lower pesticide concentrations
compared with the next upstream site (Rock Creek at

172nd Avenue). This site was sampled later in the day after
heavy rainfall, when turbidity was considerably higher (40
NTRUS). This sample contained some of the highest pesticide
concentrations detected during the study. Some of the streams
(for example, Tickle, Noyer, Rock, and Sieben Creeks) were
sampled during active runoff, and samples were highly turbid
(200-2,500 FNUSs) (appendix C, table C4).
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The water yield—the
instantaneous streamflow
(discharge) divided by the basin
area—provides a measure of
the amount of runoff per unit
area for a basin or site, and can
be used to gauge the response
of a stream during periods of
storm runoff. For this report,
water yields were normalized
to a 1,000-acre area. Water
yields were highest for the
urban-affected streams—Carli,
Cow, Sieben, and upper Tickle
Creeks (fig. 5A). Some of the
small agricultural streams
sampled during the September
2005 storm (for example, Dolan
Creek, and the tributaries of
upper North Fork Deep and
Tickle Creeks) had relatively
low streamflow (>0.1-0.2 ft¥/s)
and correspondingly low water
yields (fig. 5A). The water
yields calculated for the Rock
Creek at Stoneybrook Court
site in September 2005 were lower than for the two upstream
locations on Rock Creek. The Rock Creek at Stoneybrook
Court site was sampled in the morning prior to the onset of
heavy rainfall, and may not have contained as much rainfall
runoff as the two upstream sites (Rock Creek at 172nd Avenue
and Rock Creek at Foster Road), which were sampled later in
the day following heavy rainfall (fig. 4).

Pesticide Occurrence in the Lower
Clackamas River Basin

Sixty-three pesticides and degradates were detected
in 119 samples collected from the lower Clackamas River
mainstem, tributaries, and source or finished drinking water
(table 3). Individual pesticide concentration data from the
2000-2001 study (Carpenter, 2004) are available from the
Clackamas River Basin Water-Quality Assessment Web page,
http://or.water.usgs.gov/clackamas/. The recent 2003-2005
data are summarized in table 3 and individual concentrations
are provided in appendix C grouped into three tables according
to each study: appendix table C1 contains the May and
September 2005 storm data, appendix table C2 contains the
2003-2004 EUSE study data, and appendix table C3 contains
data from the 2002—-2005 SWQA study. The data within each
table are most comparable to each other because each study

Results 13

Confluence where Noyer Creek enters lower Deep Creek. (Photograph taken May 2005.)

analyzed a specific subset of pesticide compounds and targeted
either storm conditions (USGS/CWMG studies conducted in
2000 and 2005 only) or were collected routinely (during low,
moderate, and high flows [but no targeted storm sampling]). In
addition to these tables, the entire dataset from the NAWQA
SWQA study, including data on pesticides, volatile organic,
and other anthropogenic compounds in source and finished
drinking water are provided in Carter and others (2007).

The greatest number of pesticides and the highest total
pesticide concentrations were detected during storms, although
most samples were collected during storms (nonstorm samples
included only those collected for the EUSE urbanization study
and the SWQA drinking-water study). Samples collected
during storms—which represent most of the tributary samples
plus a few of the mainstem samples—contained between 3 and
18 compounds each, averaging 11 pesticides per sample.

Pesticide occurrence was widespread in the tributaries
that drain the northwestern area of the lower Clackamas River
basin, including Deep, Richardson, Rock, Sieben, Carli,
and Cow Creeks (fig. 5B). Pesticides were detected in all
of 59 storm samples collected from these streams. Most of
the samples containing the highest pesticide concentrations
or greatest number of compounds also had relatively high
turbidity values (appendix C, table C4).
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Figure 5.

event samplings in the lower Clackamas River basin, Oregon, May and September 2005.
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20 Pesticide Occurrence and Distribution in the Lower Clackamas River Basin, Oregon, 2000-2005

The two most common pesticides were the triazine The common household and forestry herbicides having
herbicides simazine and atrazine, which were detected in active ingredients glyphosate, triclopyr, and 2,4-D (the active
about one-half of samples collected during 2000-2005 ingredients in the widely used herbicide products RoundUP™
(table 3). CIAT (deethylatrazine, a degradate of atrazine) was and Crossbow ™) were frequently detected together, often
detected along with atrazine in about 30 percent of samples. making up most of the total pesticide concentration for an

individual sample (fig. 6).

Deep Creek at Barton

Richardson Creek at Hwy 224

Noyer Creek at mouth

Rock Creek downstream of Foster Rd
NF Deep Creek tributary at 312" Ave
Trillium Creek at Anderegg Pkwy*
Sieben Creek at Hwy 224

NF Deep Creek tributary at Church Rd
Rock Creek near mouth

Rock Creek at 172" Ave

Rock Creek at Stoneybrook Ct*
Tickle Creek near Boring

Cow Creek at mouth

Tickle Creek tributary at Orient Rd

Carli Creek near mouth*

Sieben Creek downstream
of Sunnyside Rd

Trillium Creek at Anderegg Pkwy
Noyer Creek downstream of Hwy 212
Tickle Creek at 362" Ave

NF Deep Creek at Boring

Sieben Creek at Hwy 224*

Cow Creek at mouth*

Dolan Creek at Orient Rd

Noyer Creek downstream of Hwy 212*

Carli Creek near mouth @ Glyphosate/AMPA,
2,4-D, Triclopyr
NF Deep Creek near Boring* *Samples collected
during May storm
Noyer Creek at mouth* =9 Fungicides
Insecticides Figure 6. Percentage of total pesticide

Doane Creek downstream of Hwy 212 . ..
concentration from the common herbicide products

Rock Creek at Stoneybrook Ct RoundUP™ (glyphosate and its degradate AMPA)
and Crossbow™ (2,4-D and triclopyr), fungicides,
and insecticides for storm samples collected from
NF Deep Creek at Barton tributaries, May and September 2005.

0 ZIO 4|0 Blg 3|g 100 (Samples are sorted by percentage of glyphosate/

TOTAL PESTICIDE CONCENTRATIONS, IN PERCENT ~ AMPA, 24-D, and triclopyr.)

Tickle Creek tributary at Colorado Rd




Distribution of the total number of pesticide compounds
detected in each of the major tributaries, the Clackamas River
(or source water), and in finished drinking water is presented
in figure 7. Not all streams were sampled with the same
frequency, differing with the individual study objectives.
Nevertheless, the greatest numbers of compounds were
detected in the Rock Creek and Deep Creek basins, with 34
pesticides or pesticide degradates detected in North Fork Deep
Creek alone (fig. 7). The relatively high number of pesticide
compounds detected in this stream was due in part to the
relatively high number of samples collected from this stream
(n=13).

Twelve compounds, including nine herbicides, two
fungicides, and one insecticide, had maximum concentrations
exceeding 1 pg/L (fig. 8). The maximum concentrations for
most insecticides ranged from about 0.1 to 0.3 pg/L, and
many of these higher concentrations exceeded aquatic-life
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benchmarks. Three samples containing the highest total
pesticide concentrations (>15 ug/L) were all collected during
the September 2005 storm sampling (fig. 5B). The sample
from Rock Creek at 172nd Avenue contained relatively high
concentrations of the herbicide glyphosate (45.8 ug/L) and
the fungicide benomy! (5.7 ug/L). Rock Creek drains rural
residential, agricultural (including nurseries), and forest lands.
The total pesticide concentration in Noyer Creek downstream
of Highway 212 was about 20 pg/L, mostly glyphosate

(12.5 pg/L) and the insecticide imidacloprid (4.5 pg/L).

The total pesticide concentration was about 15 pg/L in a small
tributary of North Fork Deep Creek at 312th Avenue (site 19

in fig. 1), where three herbicides—glyphosate, 2,4-D, and
triclopyr—were detected at concentrations ranging from 4.8

to 6 pg/L each. A wide variety of pesticide compounds (13-15
pesticides each) also were detected in these 3 samples (fig. 5B).

Eagle Creek (n=2)

Clear Creek (n=2)

Deep Creek (upper basin) (n=8)
Tickle Creek (n=10)

North Fork Deep Creek (n=13)
Richardson Creek (n=3)

Rock Creek (n=9)

Sieben Creek (n=4)

Carli Creek (n=2)

Cow Creek (n=2)

Clackamas River (source water) (n=39)

Finished drinking water (n=15)

Figure 7.

10 15 20 25 30 35 40
NUMBER OF PESTICIDES DETECTED

Number of pesticide compounds detected in samples collected from the lower

Clackamas River basin tributaries and in source and finished drinking water from the study
water-treatment plant on the lower Clackamas River, Oregon, 2000-2005.
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The highest instantaneous pesticide loads were found in
Rock, Noyer, North Fork Deep Creek, Tickle, and upper Deep
Creeks (fig. 5C). Tributaries draining nursery land such as
Tickle, Noyer, Rock, and Sieben Creeks contained 24-30
pesticides each, with 17-18 compounds being detected in
individual samples from upper Noyer and North Fork Deep
Creeks during the May 2005 storm (fig. 5B).

The maximum chlorpyrifos concentrations in North
Fork Deep Creek at Boring and Noyer Creek downstream
from Highway 212 were 0.17 and 0.14 pg/L, respectively,
during the September 2005 storm (appendix C, table C1).
Azinphos-methyl, another organophosphate insecticide, was
detected at an estimated concentration of 0.21 pg/L in Doane

Creek, a tributary of North Fork Deep Creek that drains the
agricultural and nursery land north of Highways 212 and 26
(fig. 1; pl. 1).

Pesticides were detected in all 18 samples collected from
the 3 Deep Creek basin streams sampled for the EUSE study,
with between 3 and 13 pesticides detected in each sample. Six
sets of pesticide samples collected during nonstorm conditions
from Deep, Tickle, and North Fork Deep Creeks identified
North Fork Deep Creek as a major pesticide contributor
to Deep Creek during nonstorm periods (fig. 9). The total
pesticide load in North Fork Deep Creek was on average three
times greater than Tickle Creek and eight times greater than
upper Deep Creek.

15
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12

NUMBER OF PESTICIDES DETECTED

. —| . Nodata |

0 . Nodata

il |

No data

TOTAL PESTICIDE CONCENTRATION, IN
MICROGRAMS PER LITER

No data No data
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. North Fork Deep Creek at Barton
|:| Tickle Creek near Boring
|:| Deep Creek near Sandy

. Nodata | ._‘_| . , Nodata = __
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Nov.
2003
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Figure 9. Number, total concentration, and total instantaneous load of pesticides for samples collected
during the EUSE urbanization study from three streams in the Deep Creek basin, Oregon, 2003—2004.
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North Fork Deep Creek near Boring, Oregon. (Photograph taken April 2006.)

Twenty-six pesticides and degradates were detected in
39 samples collected from the mainstem Clackamas River or
from the source-water tap at a direct filtration treatment plant
on the lower river (fig. 2; table 3). Of the 34 samples of source
water analyzed, at least 1 pesticide was detected in 22 samples
(65 percent) with an average of 2—3 pesticides per sample.
Pesticide concentrations in the mainstem Clackamas River
generally were much lower than those in the tributaries owing
to dilution from streamflow originating in the forested upper
Clackamas River basin.

The most frequently detected pesticides in the mainstem
Clackamas River included the herbicides simazine, diuron, and
atrazine, which were detected in 8-15 samples, followed by
the insecticide diazinon and the herbicide metolachlor, which
were each detected 6 times (table 3). Following the pattern
observed for tributaries, the greatest number and highest
concentrations of pesticides were detected in the mainstem
Clackamas River following storms (fig. 10). One sample of
the mainstem Clackamas River collected during the September
2005 storm event contained 13 compounds—2,4-D, cycloate,
dacthal (DCPA), diazinon, dimethanamid, diuron, ethoprop,
glyphosate, metolachlor, prometon, propiconazole, simazine,
and triclopyr (appendix C, table C3).

Pesticide Concentrations in
Finished Drinking Water

Fifteen pesticide compounds were detected in at least
1 sample of finished drinking water from the study water-
treatment plant in the lower Clackamas River sampled during
2004-2005, including 10 herbicides, 1 insecticide, 1 insect
repellent, 1 fungicide, and 2 pesticide degradates (tables 3
and 4; fig. 7). All told, there were 23 individual detections of
a pesticide in finished drinking water, with at least 1 pesticide
occurring in 9 of 15 (or 60 percent) of samples. About 98
percent of the 1,790 individual pesticide analyses in finished
drinking water were below laboratory method detection levels.
All of the concentrations for regulated pesticide compounds
in finished water were far below their respective USEPA
drinking-water standard, and for unregulated compounds,
none of the available human Health-Based Screening Level
(HBSL) benchmarks were exceeded. About one-half of
the finished water detections were “e” coded (table 4), and
although relatively low, they appear reliable because nearly
all of the individual detections in finished drinking water had
corresponding detections in source water.
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In most cases, pesticide concentrations in finished
water were somewhat lower than those in the source water.
In addition to actual removal during treatment, small
concentration differences between source and finished
drinking water samples could represent variability in the

analytical method at these sub-parts-per-billion concentrations.

Also, the timing of sample collection can be especially
important during storms, when streamflow and pesticide
runoff are dynamic (fig. 3). At such times, contaminant
concentration may be different in source and finished water
if the timing of sample collection of the source and finished
water varies significantly from the actual travel time through
the treatment plant.

The four most common pesticides detected in finished
drinking water were the herbicides diuron, simazine, dacthal
(DCPA), and hexazinone, which occurred in two to four
samples each. Simazine and diuron were each detected four
times (table 3). Pesticide compounds detected once in finished
water included the herbicides 2,4-D, atrazine, CIAT (an
atrazine degradate), metolachlor, trifluralin, pronamide, and
metsulfuron-methyl; the insecticide ethoprop, diazinon-oxon
(the degradate of the insecticide diazinon), and DEET (an
insect repellent).

The greatest numbers and highest concentrations of
pesticides in finished drinking water were detected in samples
collected after storms (fig. 10), with finished drinking
water results typically following the pattern observed in the
mainstem Clackamas River and lower-basin tributaries. The
highest concentration of total pesticides in finished drinking
water (0.28 pg/L from nine pesticide compounds) occurred in
the May 18, 2005, sample collected 9 days following a storm
(table 4, figs. 11 and 12). About one-third (or 38 percent) of
the finished water samples contained no detectable pesticides,
with a maximum of two pesticides being detected in finished
water samples minimally affected by storm runoff.

Powdered activated carbon (PAC) appeared to be
effective in removing some pesticide compounds present
in source water samples such as OIET, cycloate, dacthal,
trifluralin, and triclopyr (table 5). In most cases, however,
concentrations in the source water were low (often close
to the detection level), such that observed reductions
during treatment may not be statistically significant for
individual compounds. Nevertheless, the overall number and
concentrations of pesticides in finished water decreased on
the two occasions when PAC was in use. For comparison, 9
of 10 compounds detected in source water also were detected
in finished drinking water on May 18, 2005, when PAC was
not in use, with a marginal decrease in the total pesticide
concentration (fig. 10).

Table 4. Pesticide concentrations in source and finished
drinking water from the study water-treatment plant on the lower
Clackamas River, Oregon, 2004—-2005.

[Pesticide concentrations in micrograms per liter. See p. 3 for more
information on the study plant’s water treatment process. Abbreviation: e,
estimated value (see Glossary). Symbol: <, less than]

Source water Finished

Date Pesticide or drinking water
degradate
Remark Value Remark Value
07-21-04 Dacthal (DCPA) 0.005 0.005
09-23-04 Diuron 0.02 0.02
08-25-04 DEET e 0.007 e 0.008
10-20-04 Diuron 0.06 0.04
02-09-05 Diuron 0.06 0.06
Simazine < .005 .006
03-09-05 Simazine < 0.005 e 0.003
04-06-05 Hexazinone e 0.01 e 0.01
05-18-05 Diuron 0.22 0.18
Metsulfuron-methyl < .025 e .06
Hexazinone .022 .02
Atrazine .007 e .006
Deethylatrazine (CIAT) e .005 e .005
Pronamide < .004 .005
Trifluralin e .005 e .005
Simazine .005 e .004
Dacthal (DCPA) e .002 e .002
09-30-05 2,4-D 0.18 0.08
Propiconazole (cis) e .003 e .001
Propiconazole (trans) e .006 e .005
Diazinon .016 < .005
Diazinon-oxon < .006 e .01
Simazine .018 .02
Ethoprop .009 .006
Metolachlor e .005 e .002
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Figure 10. Total number of pesticides detected and total pesticide concentrations for storm
and nonstorm samples of source water collected from the study water-treatment plant on
the lower Clackamas River, Oregon, 2002-2005.
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Figure 11. Total pesticide concentrations in source and finished drinking water samples collected from
the study water-treatment plant on the lower Clackamas River, Oregon, 2002—2005.
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Figure 12. Number of pesticides detected and total pesticide concentrations in source
and finished drinking water samples collected from the study water-treatment plant on
the lower Clackamas River, Oregon, 2004—2005.
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Table 5.

Potential effect of powdered activated carbon on concentrations of pesticides and degradates in

finished water samples collected from the study water-treatment plant on the lower Clackamas River, Oregon,

2004-2005,

[Pesticide and degradate concentrations in micrograms per liter. Shading indicates PAC use. See p. 3 for information on the study
plant’s water treatment process. Abbreviations: PAC, powdered activated carbon addition (2-5 milligrams per liter); e, estimated
value (see Glossary); Rep, replicate sample; na, not analyzed]

Source water

Finished

PA::Y::_?;?)GM Pesticide or degradate Date Sample drinking water
Remark Value  Remark Value

No Dacthal (DCPA) 07-21-04 e 0005 e 0.005
Yes Hydroxyatrazine (OIET) 08-25-04 e 014 < .008
Yes Dacthal (DCPA) 08-25-04 e .003 < .003
Yes Diazinon 08-25-04 e .007 < .005
Yes Trifluralin 08-25-04 e .006 < .009
Yes DEET 08-25-04 e 074 e 078
No Atrazine 05-18-05 .007 e .006
No Deethylatrazine (CIAT) 05-18-05 e .004 e .002
No Dacthal (DCPA) 05-18-05 e .002 e .002
No Diuron 05-18-05 .22 181
No Hexazinone 05-18-05 .022 .017
No Metsulfuron-methyl 05-18-05 < .03 .058
No Pronamide 05-18-05 < .004 .005
No Trifluralin 05-18-05 e .005 e .005
No Simazine 05-18-05 .005 e .004
No 2,4-D 05-18-05 e 014 < .038
No Chlorpyrifos 05-18-05 .006 < .005
No Metolachlor 05-18-05 e .005 < .006
Yes Cycloate 09-30-05 Rep 1 016 < .005
Yes Cycloate 09-30-05 Rep 2 019 < .005
Yes Dacthal (DCPA) 09-30-05 Rep 1 .004 < .003
Yes Dacthal (DCPA) 09-30-05 Rep 2 .005 < .003
Yes Dimethenamid 09-30-05 Rep 1 e .005 < .006
Yes Dimethenamid 09-30-05 Rep 2 e .005 < .006
Yes D!uron 09-30-05 Rep 1 .015 < .015
Yes Diuron 09-30-05 Rep 2 .019 < .015
Yes Glyphosate 09-30-05 Rep 1 e 12 < 15
Yes Glyphosate 09-30-05 Rep 2 e 1 < 15
Yes Prometon 09-30-05 Rep 1 e .003 < .01
Yes Prometon 09-30-05 Rep 2 e .004 < 01
Yes Pronamide 09-30-05 Rep 1 .005 < .005
Yes Pronamide 09-30-05 Rep 2 < .005 < .005
Yes Triclopyr 09-30-05 Rep 1 23 < 11
Yes Triclopyr 09-30-05 Rep 2 23 < 11
Yes 2,4-D 09-30-05 Rep 1 18 .081
Yes 2,4-D 09-30-05 Rep 2 18 .075
Yes Propiconazole (cis) 09-30-05 Rep 1 e .003 e .001
Yes Propiconazole (cis) 09-30-05 Rep 2 e .003 e .001
Yes Propiconazole (trans) 09-30-05 Rep 1 e .006 e .005
Yes Propiconazole (trans) 09-30-05 Rep 2 e .006 e .005
Yes Diazinon* 09-30-05 Rep 1 .016 < .005
Yes Diazinon* 09-30-05 Rep 2 .013 < .005
Yes Diazinon-oxon* 09-30-05 Rep 1 < .006 e .010
Yes Diazinon-oxon* 09-30-05 Rep 2 < .006 e .010
Yes Simazine 09-30-05 Rep 1 .018 .021
Yes Simazine 09-30-05 Rep 2 .018 .020
Yes Ethoprop 09-30-05 Rep 1 .009 .006
Yes Ethoprop 09-30-05 Rep 2 .009 .006
Yes Metolachlor 09-30-05 Rep 1 e .005 e .002
Yes Metolachlor 09-30-05 Rep 2 e .003 < .006

!Diazinon is oxidized to diazinon-oxon during treatment.



Comparison of Pesticide Concentrations to
Aquatic-Life Benchmarks

Many of the pesticide concentrations in the lower-
basin tributaries exceeded aquatic-life benchmarks on at
least one occasion, sometimes for multiple pesticides in
one sample. Four insecticides, including azinphos-methyl
(AZM), chlorpyrifos, diazinon, and p,p’-DDE were detected at
concentrations that exceeded USEPA aquatic-life benchmarks
(table 6). AZM was detected once during the study, at a
concentration of 0.21 pg/L in Doane Creek, a tributary of
North Fork Deep Creek. This AZM detection exceeded the
USEPA benchmark concentration for fish (0.18 pg/L for
acute exposure), and for benthic invertebrates (0.08 pg/L for
acute exposure) and the State of Oregon water-quality criteria
(0.01 pg/L for chronic exposure).

The highest chlorpyrifos concentration (0.56 pg/L) was
detected in a storm sample collected in October 2000 from
Rock Creek near its mouth (Carpenter, 2004). Since then,
chlorpyrifos concentrations have been highest in samples
from the North Fork Deep Creek basin, where concentrations
were 0.17 pg/L in North Fork Deep Creek at Boring (in
September 2005) and 0.14 pg/L in Noyer Creek downstream
of Highway 212 (in May 2005). These chlorpyrifos detections
exceed the USEPA aquatic-life benchmark for benthic
invertebrates (0.05 pg/L for acute exposure) and the State
of Oregon water-quality criterion (0.043 pg/L for chronic
exposure) (table 6). Chlorpyrifos concentrations in several
other post-2000 samples were greater than the nonregulatory
aquatic-life guideline suggested by the NAS/NAE of
0.001 pg/L, including those from North Fork Deep Creek
(at Barton) and upstream tributaries—Doane Creek and
NF Deep Creek tributaries (at 312th Avenue and at Church
Road)—Tickle Creek (near Boring), and Trillium Creek (a
tributary of Rock Creek), where concentrations ranged from
0.004 to 0.021 pg/L (appendix C table C1). The highest
chlorpyrifos concentration detected in the Clackamas River
(0.006 pg/L in May 2005) exceeded aquatic-life benchmarks
from the NAS/NAE and Canada (table 6). Some of the
chlorpyrifos concentrations that were greater than the NAS/
NAE benchmarks, however, were only slightly greater than
the reporting level of 0.004 pg/L for chlorpyrifos (appendix B,
table B1).

Diazinon concentrations exceeded the USEPA
aquatic-life benchmark for benthic invertebrates (0.1
ug/L for acute exposure) in three streams—Carli Creek
near the mouth (September 2005), Rock Creek at 172nd
Avenue (September 2005), and Sieben Creek (May 2000)
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(Carpenter, 2004)—where the diazinon concentrations ranged
from 0.16 to 0.25 ug/L. Although the sale of diazinon has been
banned, regulations allow the use of existing supplies. Other
streams with diazinon concentrations exceeding the NAS/NAE
benchmark of 0.008 ug/L included North Fork Deep, Doane,
Tickle, and Trillium Creeks (in May 2005), and the mainstem
Clackamas River (source water sample from the study water-
treatment plant in September 2005, when the concentration
was 0.014 pg/L).

The degradate of the banned pesticide DDT (p,p’-DDE)
was detected in Deep Creek at Highway 224 in October 2000
at a concentration of 0.002 pg/L (Carpenter, 2004), which
exceeded the USEPA aquatic-life benchmark of 0.001 pg/L.
Seven other pesticides (2,4-D, carbaryl, chlorthalonil, dieldrin,
diuron, endosulfan, and malathion) exceeded aquatic-life
benchmarks established by the State of Oregon, the NAS/
NAE or the CCME (table 6). Although concentrations of
these pesticides did not exceed benchmarks established by the
USEPA, some of the compounds such as the organochlorine
insecticide endosulfan have no USEPA aquatic-life
benchmark. Endosulfan was detected at a concentration of
0.11 pg/L in Tickle Creek near Boring in September 2005,
which is about twice the value of the State of Oregon chronic
benchmark for benthic invertebrates (0.056 pg/L) and about
one-third the median 96-hour LC,_, the lethal concentration
dosage for one-half of the test population for fish exposed
to endosulfan (0.33 pg/L) (Munn and others, 2006). The
malathion concentration in Rock Creek (0.047 pg/L) was well
below the USEPA aquatic-life acute exposure benchmark for
benthic invertebrates (0.25 pg/L), but exceeded the NAS/NAE
aquatic-life benchmark of 0.008 pg/L.

Glyphosate was detected in 71 percent of samples
collected during the May and September 2005 storms
(table 3), with the highest concentration found in Rock Creek
at 172nd Avenue (45.8 pg/L). Although this glyphosate
concentration was the highest pesticide concentration
detected during the study, it was still less than the USEPA
aquatic life benchmark for vascular plants (850 ug/L) or the
Canadian aquatic-life benchmark of 65 pg/L (table 6). None
of the potentially toxic surfactants commonly included in
glyphosate-containing products, however, were analyzed
during this study. Some of the pesticides detected do not have
benchmarks for evaluation, including benomyl, metalaxyl,
imidacloprid, 3,4-dichloroaniline (a diuron degradate) and
AMPA (a glyphosate degradate); these pesticides were
occasionally detected at maximum concentrations ranging
from 1.5t0 5.7 pg/L.
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Pesticide Toxicity Index—PTI Values than for fish, indicating a greater risk to these organisms. Most
of the highest PTI values were for samples collected during
Pesticide Toxicity Index (PTI) values for samples the September 2005 storm, with the highest PTI values in
collected in the Clackamas River basin were calculated samples collected from the Deep Creek basin, including North
separately for benthic invertebrates and fish (table 7). The Fork Deep Creek, Tickle Creek, and Noyer Creek. Due to a
individual toxicity values for each of the pesticide compounds  lack in toxicity values for two compounds, the PTI value for
detected are listed in appendix D, table D1, and samples the Rock Creek at 172nd Avenue sample may underestimate
with the highest PTI values are shown in figure 13. With the the potential toxicity because it did not include the fungicide
exception of one sample from Tickle Creek, which had a benomyl and the herbicide glyphosate, which were detected
relatively high PTI value from the insecticide endosulfan, the at relatively high concentrations (5.7 and 45.8 pg/L,
PTI values generally were higher for benthic invertebrates respectively).

Table 7. Pesticide Toxicity Index values for benthic invertebrates and fish for stormwater samples
collected in the lower Clackamas River basin, May and September 2005.

Pesticide Toxicity Index

Sample Date Benthic
. Fish
invertebrates

Carli Creek near mouth 05-09-05 4.06E-04 1.31E-05

09-30-05 1.42E-02 5.75E-04
Cow Creek at mouth 05-09-05 1.26E-03 1.17E-04

09-30-05 1.65E-03 1.04E-03
Clackamas River (source water) 05-09-05 6.20E-05 1.15E-05

09-30-05 6.30E-04 2.16E-04
Deep Creek at Barton 09-30-05 1.16E-05 9.36E-04
Doane Creek downstream of Highway 212 09-30-05 1.96E-01 1.01E-02
Dolan Creek at Orient Road 09-30-05 8.54E-07 1.51E-04
North Fork Deep Creek tributary at Church Road 09-30-05 7.68E-03 1.37E-04
North Fork Deep Creek tributary at 312th Avenue 09-30-05 1.04E-02 5.15E-03
North Fork Deep Creek at Boring 05-09-05 5.79E-02 3.09E-03
North Fork Deep Creek at Barton 09-30-05 3.24E-02 6.05E-04
North Fork Deep Creek near Boring 09-30-05 2.97E-01 5.51E-03
Noyer Creek at mouth 05-09-05 5.27E-02 6.90E-03

09-30-05 8.06E-05 3.16E-04
Noyer Creek downstream of Highway 212 05-09-05 7.50E-02 2.73E-03

09-30-05 2.48E-01 6.53E-03
Richardson Creek at Highway 224 09-30-05 1.33E-04 5.48E-04
Rock Creek at 172nd Avenue 05-09-05 1.25E-03 1.87E-04
Rock Creek at Stoneybrook Court 09-30-05 1.62E-06 2.03E-06

09-30-05 1.14E-02 1.06E-03
Rock Creek downstream of Foster Road 09-30-05 1.57E-04 6.79E-04
Rock Creek near mouth 09-30-05 5.01E-03 1.10E-03
Sieben Creek at Highway 224 05-09-05 6.66E-03 1.68E-04

09-30-05 4.99E-03 8.26E-04
Sieben Creek downstream of Sunnyside Road 09-30-05 1.87E-03 7.48E-04
Tickle Creek at 362nd Avenue 09-30-05 1.39E-04 2.61E-05
Tickle Creek near Boring 09-30-05 3.89E-02 3.22E-01
Tickle Creek tributary at Colorado Road 09-30-05 6.02E-04 1.17E-04
Tickle Creek tributary at Orient Road 09-30-05 2.40E-05 8.56E-06
Trillium Creek at Anderegg Parkway 05-09-05 9.91E-03 3.64E-04

09-30-05 2.79E-05 2.94E-05
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Figure 13. Highest Pesticide Toxicity Index values for benthic invertebrates and fish for samples
collected from the lower Clackamas River basin tributaries, Oregon, 2000-2005.
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Comparison of Pesticide Concentrations to degradate of the insecticide diazinon), deethylatrazine (CIAT,

s lin. . a degradate of the herbicide atrazine), and the insect repellent
g::(l:ll':?ayx:ter Standards and Human-Health DEET—do not, however, have human-health benchmarks

available for comparison because toxicity data are currently
lacking. The maximum Benchmark Quotient (BQ max)—the
ratio of the highest measured concentration of a detected
compound in finished water to human-health benchmark—
ranged from 0.09 for diuron to 0.000003 for metolachlor
(table 8; fig. 14). These BQ max values for pesticides detected
in finished water were 11 and more than 300,000 times lower
than their respective human-health benchmarks.

All pesticide concentrations in finished drinking water
were far below applicable USEPA Maximum Concentration
Level (MCLs) for regulated contaminants and USGS
Health-Based Screening Levels (HBSLs) for unregulated
contaminants. HBSLs were available for nine of the pesticide
compounds detected in finished drinking water (table 8).
Three of the unregulated contaminants—diazinon-oxon (a

Table 8. Maximum benchmark quotients for pesticide concentrations in finished drinking-water samples from the study water-
treatment plant on the lower Clackamas River, Oregon, 2004—-2005.

[The maximum Benchmark Quotient (BQ max) is the ratio of the highest measured concentration of a detected compound in finished water to its benchmark.
BQ values close to 1 indicate a potential concern and higher levels indicate greater potential risk. Human-health benchmarks: Low and high HBSL values
correspond to 10-6 and 10-4 cancer risk, respectively, for unregulated carcinogens. HBSLs from Toccalino and others (2006), and MCLs from USEPA (2006).
Abbreviations: e, estimated value (see Glossary); USEPA, U.S. Environmental Protection Agency; USGS, U.S. Geological Survey; HBSL, Heath-Based
Screening Level; pg/L, microgram per liter; MCL, Maximum Contaminant Level; na, no benchmark available for these compounds]

Pesticide concentrations (ng/L)

Maximum
Pesticide or degradate CoTpt;und Remark cf(i):ics?:(;ax::elrn BQ max Date Human-health benchmarks
P gl USGS HBSL USGS HBSL ~ USEPA

(Low) (High) MCL
Diuron Herbicide 0.18 0.091 05-18-05 2 200 na
Ethoprop Insecticide/Nematocide .006 .006 09-30-05 1 100 na
Simazine Herbicide .021 .005 09-30-05 4
Pronamide Herbicide .005 .005 05-18-05 1 100 na
Atrazine Herbicide e .006 .002 05-18-05 3
2,4-D Herbicide .08 .001 09-30-05 70
Trifluralin Herbicide .005 .0002 05-18-05 20 20 na
Propiconazole (trans)*  Fungicide e .005 .0001 09-30-05 70 70 na
Dacthal (DCPA) Herbicide .005 .00007 07-21-04 70 70 na
Hexazinone Herbicide .017 .00004 05-18-05 400 400 na
Metsulfuron-methyl Herbicide e .060 .00003 05-18-05 2,000 2,000 na
Metolachlor Herbicide e .002 .000003  09-30-05 700 700 na
Diazinon-oxon Degradate of the e o1 na 09-30-05 | na na na

insecticide diazinon

DEET Insect repellent e .008 na 08-25-04 na na na
Deethylatrazine (CIAT) Degradate of the e .005 na 05-18-05 na na na

herbicide atrazine

'HBSL for propiconazole was used for propiconazole (trans).
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Pesticides detected in finished drinking water

Ethoprop (insecticide) I 0.006
Simazine (herbicide) [l 0.005
Pronamide (herbicide) [l 0.005
Atrazine (herbicide) B 0.002
2,4-D (herbicide) [ 0.001
Trifluralin (herbicide) [ 0.001
Propiconazole (fungicide) ~ 0.0001
Dacthal (herbicide) ~ 0.00007
Hexazinone (herbicide) ~ 0.00004
Metsulfuron-methyl (herbicide) ~ 0.00003

Metolachlor (herbicide) ~ 0.000003

Diuron (herbicice) |, 0.09

Benchmark Quotient values less than 1 indicate that adverse effects
are unlikely to be caused by that contaminant alone, even if water
with such a concentration were to be ingested over a lifetime
(Toccalino, 2007).

Three of the unregulated contaminants—diazinon-oxon (a
degradate of the insecticide diazinon), deethylatrazine (CIAT, a
degradate of the herbicide atrazine), and the insect repellant DEET
do not have human-health benchmarks available for comparison
because toxicity data are currently lacking

Maximum Benchmark Quotient

Figure 14. Maximum benchmark quotients for pesticide concentrations in finished drinking-water samples
from the study water-treatment plant on the lower Clackamas River, Oregon, 2004—-2005.

Discussion

Pesticide Occurrence in the Lower Clackamas
River Basin

Pesticide occurrence in the lower Clackamas River basin
was widespread, particularly in the tributaries, but also in
the mainstem Clackamas River. Analyses of samples from
four storm events identified some of the tributaries (Rock
and North Fork Deep Creeks, for example) that contributed
relatively high quantities (or loads) of pesticides to the
Clackamas River upstream of drinking-water intakes. In
some streams, pesticide concentrations exceeded aquatic-
life benchmarks, and these findings can be used to focus and
prioritize current and future efforts related to pesticide and
land management, stream restoration, and salmon recovery.

The occurrence of pesticides in the Clackamas River
basin is not unexpected given the large amount of urban and
agricultural land in the drainage basin, where pesticides are
frequently applied, and these results are similar to those from
other studies. The most frequently detected pesticides in the
Clackamas River basin—atrazine, simazine, metolachlor,
diuron, and the organophosphate insecticides diazinon
and chlorpyrifos—also were the most frequently detected

pesticides in the Willamette River basin in Oregon (Rinella
and Janet, 1998) and in other rivers across the United

States (Gilliom and others, 2006). Several of the pesticides
detected in the Clackamas River basin also were detected
downstream in the Willamette River at Portland (21 pesticides
during 2004-2005), and 5 have been detected downstream

in the Columbia River (Jennifer Morace, U.S. Geological
Survey, oral commun., 2006), but it is unclear how much the
Clackamas River contributes compared with other major rivers
in the Willamette River basin, such as the Molalla and Tualatin
Rivers.

Pesticide occurrence in the Clackamas River is influenced
by runoff from the tributaries and antecedent streamflow
conditions in the mainstem prior to rainfall events. Streamflow
in the lower Clackamas River is dynamic during the rainy
season (fall to spring), responding to water releases from
upstream dams, patterns and intensity of rainfall, snowmelt,
and rain-on-snow events. Winter or spring storms can deliver
precipitation to the lower basin during cold periods when
moisture in the upper basin remains as snow. During such
times, freezing levels may be low enough to reduce streamflow
from the upper basin, which can result in less dilution water
for the lower mainstem. At such times, and after heavy
rainfall, pesticide concentrations in the lower Clackamas River
can be elevated from tributary inputs in the lower basin.
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The significance of these mostly trace-level
concentrations of pesticides, however, is not yet known, but
future studies could examine potential effects on aquatic life
and human health. Identifying which compounds are present,
when, and at what concentrations is a first step towards
understanding the contamination potential posed by pesticides,
and this information can be used to guide future pesticide
reduction strategies to improve water quality in affected areas.

Potential Effects of Pesticides on Aquatic Life

Many pesticides have the potential to harm nontarget
organisms, especially benthic invertebrates, fish, amphibians,
and various stream microbes (Nowell and others, 1999). Biota
in the lower Clackamas River and the lower-basin tributaries
are exposed to pesticides, sometimes at concentrations high
enough to exceed aquatic-life benchmarks. Aquatic life in the
Clackamas River and some of its tributaries include various
anadromous and resident fish species, amphibians, plants, and
other organisms. Declines in some fish populations, including
winter steelhead, spring chinook, and coho salmon have
resulted in their being included on the Endangered Species
List (National Marine Fisheries Service, 2006). Potential
explanations for such declines have included
overharvesting of fish, hydroelectric dams,
poor-quality stream habitat, and degraded water
quality from pesticides and other contaminants.
Understanding the potential cumulative effects
of the combined influences on aquatic life is
challenging, and the understanding of the effects
of pesticides alone, for example, is not complete
because most toxicity research focuses on single
compounds, not mixtures. The chemical and
(or) physical conditions in streams may affect
aquatic lif