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Executive Summary

Two microbial source tracking (MST) studies weomducted in the lower Dungeness watershed and
Dungeness Bay in order to determine the sources of fecal coliform pollution that have been impacting the
water quality and shellfish harvesting activities for more than a decade. Between 2006 and 2009, two
independent and sequential studies were conducted by Batkebec i f i ¢ Nor t hwest Divi s
Sciences Laboratory in Sequim Washington under co
study Phase I Ribotyping was implemented through an EFargeted Watershed grant awarded to the
Tribe, and was aimed at determining predominant sources of bacterial contamination at selected stations
in the lower watershed and Bay through a genotypic Edged ribotyping approach. The second study
(Phase 2 Bacteroides Targespecific PCRwas implemented through a Washington State Department
of Ecology Centennial grant and designed to collect additional information regarding the presence of
human and ruminant sources from an expanded number of statibesieshwater and marine
environment. The results of both studies are reported here.

The Phase 1 Ribotyping study was initiated in May 2006. Environmental samples were collected for
ribotyping analysis from four freshwater stations (MAT0.1, MCO0.3, GSS7BID the lower Dungeness
watershed, two marine stations in Dungeness Bay (008 DOH108) where water and underlying
sediment were collected, and wrack (detrital algae) from the nearby shoreline. Sampling occurred once a
month for 13 months and was cpl@ted in May 2007. The ribotyping methodology is a library
dependent approach, meaning that fragments of DNA from the bd€teadiare cultivated from an
environmental sample such as water and are then matched to DNA fragméntsdiocultivatedfrom
known fecal sources in a host reference library. During our study, additional fecal samples were collected
from 45 known local animal and bird species and added to the preexisting reference library database
managed by the Institute of Environmerttigalth, Inc.

There were 116E&. coliisolates ribotyped during the Phase 1 study. Of those, the percentage of
matched sources was relatively high (92%) with 34 species or groups identified in the watershed. While
the Dungeness watershed contains typicatpoint sources of bacterial contamination, it also contains
diverse and unusual sources such as marine mammals andthangame farm animals. The
predominant sources of fecal coliform contamination in the Dungeness from all matrix types (e.g. water,
sediment, wrack) in the freshwater and marine environments were, in rank order, avian (19.6%), gull
(12.5%), waterfowl (9.7%), raccoon (9.2%), unknown (7.3%), hud®aived (7.1%), rodent (6.3%) and
dog (4.3%). When bird groups were combined, they repredén total about 42% of samples collected
and analyzed throughout the study. They occurred from at least 85% of the sampling events at all
freshwater and marine water stations and from at least 56% of marine sediment sampling station events.

When groupd together, wild mammal sources represented about 26% of isolates collected and
included raccoons, rodents, deer, elk, beaver, otter, rabbit and marine mammals. Domestic animal and
farm animal groups each represented about 7% of isolates. Source typssntpg animals from the
Olympic Game Farm, Inc. were also found during the study, including bear, bison, burro, prairie dog and
yak. Together, these sources accounted for about 2.5% of the total isolates collected. Game farm source
types were present of the time at MATO.1, the freshwater station located on the Game Farm near the
mouth of Matriotti Creek. These occurrences were detected throughout the year.
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Humanderived sources included onsite sewage disposal systems, sewage treatment planidvaste,
direct human sources. Humderived sources were found at all freshwater stations, all marine water
stations and one marine sediment statibhese sources represented between 3 and 15% of the isolates
for any given station. They were present thioug the year, occurring in 25 to 69% of the sampling
events by station. Matriotti Creek (MATO.1) had the highest frequency of occurrence of human sources,
occurring during 9 out of 13 sampling events. Meadowbrook Creek (MCO0.3) and a bluff ditch station
(BD-7) also had humaderived sources present at least half of the time.

While there were no statistically significant trends through time during the study year, the proportion
of wild mammals and game farm sources, when combined, increased slightlytianmegt season
(October through March). This trend may indicate the possible influence of surface runoff events. In
general, freshwater source host organisms such as wild mammals, and domestic and farm animals were
found consistently in marine water, sednt and wrack, indicating the conveyance of these sources into
the marine environment.

The Phase Bacteroidegargetspecific polymerase chain reactidddR study was conducted over a
shorter time period, between December 2008 and January 200%tuihyidiad fewer sampling events (3
in total), however encompassed more stations in the lower watershed and Bay. A total of 21 stations were
sampled during the study, with some sampled more than onceBatheroidesnethodology is a library
independent@proach. This method amplifies known DNA biomarkers fRewateroidesa fecal
indicator bacteria, to match wiBacteroidedDNA in water samplesThe (PCR methots used to
amplify the biomarker by replicating a target DNA sequence. The biomarkerabdeddr this study
included human and ruminant (e.g. cattle, bison, deer, goat).

A total of 42 samples were collected during Phase 2 and analyZe@/fRegion 10. Overall, there
were relatively few samples that were identified as human or ruminaneént8en samples contained the
generaBacteroidesonly marker, indicating a fecal source other than human or ruminant. Two out of 42
samples were identified as ruminammtly and were collected from sites not sampled during Phase 1 (Bluff
Seep8 and Coope€reek). Two additional samples were positive for human sources, from Meadowbrook
Slough (MS0.3) and Meadowbrook Creek (MCO0.2), also sites that were not included in the Phase 1 study.
One samplérom Cassalergreek tested positive for both human and ramtrsources. The remaining
20 samples did not contain aBgcteroidegecal indicator bacteria. While the overall samples collected
as part of Phase 2 of the study yielded few samples cont&airtgroidesthe detection of human and/or
ruminantderivedsource bacteria occurring at sites not sampled during Phase 1 indicates a wider spread
of these sources throughout the lower watershed.

The Phase BacteroidesPCR study complemented the Phase 1 ribotyping study. The Phase 1 study
identified a large vaety of sources, while the Phase 2 study confirmed the presence of human and
ruminant biomarkers from a larger region in the lower Dungeness watershed. Each of the microbial
source tracking methods used in these studies had discrete strengths and wealiegsd is
generally recognized that MST methods are still evolving and have not been standardized, both
methodologies proved helpful in understanding the underlying sources of fecal contamination in the
watershed. The ribotyping study (Phase 1) egasprehensive in nature and had a relatively high
percentage match to identifiable sources (92%). However, it was more expensive and final test results
were not available for close to a year after the last sampling event, making it an impractical ¢efciniqu
routine application. ThBacteroidesstudy (Phase 2) was a smaller scaled study and less expensive on a
per sample basis due to the librimgependent approach and cultivation of the host organism is not

vi
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required. The results were accurate baseddliod samples submitted, and the turnaround time for

sample analysis and reporting was on the order of several months. However, only two primers (human
and ruminant) were available for use in this study. In the futur&®abteroidesapproach could be

greatly enhanced by the incorporation of additional primers.

Overall, these methods were successful in providing empirical scientific evidence of the predominant
sources of fecal contamination in the lower Dungeness watershed and Bay. While some of these
contamination sources may be difficult to manage (i.e. birds and wild mammals), the microbial source
tracking study also provided evidence of sources in the watershed that can be controlled or mitigated for,
such aswumanderived sources that can be coesatl a public health riskResults of the combined
studies provide the basis for continued education and public outreach regarding sources of bacterial
contamination in the Dungeness watershed. For example, the scientific knowledge gained from this study
provides the opportunity for resource managers to strengthsiteoseptic system management programs
and ensure they are aimed at reducing bacteria levels in the watershed. In addition, the results of the
microbial source tracking study provide theibder reevaluation of the progress made toward achieving
the goals of th€lean Water Strategy and Water Cleanup Detailed ImplementationalRthfor making
adjustments to current or future monitoring plans or cleanup strategies. While these residtsathme
extrapolated to other geographic regions, information gained from the overall approach, the application of
these tools, and lessons learned can be applied to other watersheds.

Vii
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1.0 Introduction

For the past several decades, the Dungeness River, its tributaries, and Dungeness Bay (collectively
referred to as the Dungeness watershed) on the Olympic Peninsula imifiasidate have experienced
a decline in water qualityThe decline in part, hascludedelevated levels of fecal coliforiC)
bacteria. Thigondition has placed the lower Dungeness River and several of its tributaries on
Washi ngt on Sstodimmifed wags B bdcjerialviolations, aesulted indowngrades in
marine water quality classifications Dungeness Bay that have ledhe closure ofhellfish harvest
areas.A variety of responses and remedial actions have been undertalmalggencies]amestown
S 6 Kl al |,andstdteranddfezieral agencies in an effort to understand the sources of FC pollution and
develop strategies to reduce the bacteria levels.

Between 2006 and 200&searchers at BattedlePacific Northwest Divids n 6 s Mar i ne Sci enc
Laboratory in Sequim, Washingtaimder contractdt t he Jamest owond&@Kiwoal | am Tr |
independeninicrobial source trackingtudiesin order to determine what the predominant sources of fecal
coliform pollutionare in the Dugeness watershed. Tleestudies were called out as recommendations in
the Clean Water Straggy for addressing Bacteria Poltion in Dungeness Bay and Watershed and Water
CleanupDetailed Implementation PlafiHempleman and Streeter 2004)hey were implemeed
through an EPA Targeted Watershed grant awaaéte Tribein 2004 andaWashington State
Department of Ecology Centennial Grant awarded to the TriB806. The results of both studies are
reported here.

1.1 Background

Since 1991, elevated levelsE€ bacteria in Matriotti Creek, have baapnitored andlocumented
by the collective efforts o€lallam County, the Clallam Conservation Distrand the Jamestown
S6KIlallam Tribe. I n 1996, Matriotti Cdeaecks was pl a
because of FC violations. In 199Fe Washington State Department of Health (DOH) reported
increasing levels of FC bacteria in Dungeness Bay near the mouth of the Dungeness River (DOH 1998).
I n response to this, t1taedwitergwldytmonioring®tsévera |l | am Tr i b
tributaries adjacent to thmy, hoping to find a definitive source that would explain the elevated bacteria
levels. When it was determined that a number of tributaries were not migetingterquality standarsl
for FC bacteria, it became evident tHatpoor wate quality may be due to a variety diffuse sources in
the Dungeness River, its titaries, and Dungeness Baxhibiting a classic case of nonpoint source
pollution.

In 1998, the Washington Stdbepartment of Ecology (DOE) agreed to conduct a Total Maximum
Daily Load (TMDL) study on Matriotti Creek and several other freshwater tributaries in the lower
Dungeness watershed, in order to develop tadyetuction levels for FC and prioritize bactéria
pollution control actions. I n cooperation with th
began a year of monitoring in November 1999 in the Lower Dungeness RRiger result of that gtly,
TMDL recommendations included a stringent FC tafgethe Dungeness River and bacteria loading
reductions for the tributaries leading to Dungeness Bay (Sargeant 2002}-C targets were more
stringent tharcurrentfreshwater standards becauseitttent wago achieve shellfistharvestable FC
results which necessitate stricter standard.

11
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During the freshwater TMDL study, elevate@ levels in thebaycontinued to persist. In 2000, the
high bacteria levels caused a reclassification by DOH of 300 atcties baynear the mouth of the
Dungeness Rivdrom Approved for Shellfish Harvesi Prohibitedfor Shellfish Hirvest An additional
100 acres were downgraded in 2001. In 2003, DOH changed the classification of the inner Bay to
Conditionally Approved for Shellfish Harvesthis required the inndiay to be closed annualjuring
the rainy seasoffom November T through January 34(Melvin 2003)(Figure1.1). These closures are
currently still in effect. As a resulf the continued concern in thay a circulation study was conducted
with paricular emphasis placed on understandi@gsources and transport pathways (Rensel 2003).

Shellfish Harvest Areas
Dungeness Bay
DOH Sample Stations
Q Marine stations
Shellfish Harvest Classification
Conditionally Approved

[ Prohibited

0 04 0.8 1.2
Kilometers

Created by PNNL/Battelle MSL, May 2009

°

Shellfish Harvest

Seasonal Closure
(Nov - Jan)

.., \ ’ o | - o
) e 4 # : —

Figure 1.1 ShellfishHarvest Closure Areas ambpartmenbpf HealthSampling Stations iDungeness
Bay

After the davngrade of the shellfish harvest areas, DOH initiated a closure response process. This
included convening a Response Team, now called the Clean Water Workgabuas formed in 2001
and developing a shellfish protection district (Clean Water Distiict}lallam County The Clean Water
Workgroup developed a response plan,Glean Water Strategy forddresing Bacterial Pollution in
Dungeness Bay and Watersh€@lean Water Workgroup 2002). In thdean Water Strategy microbial
source tracking stydwas identified as a high priority project. Based on that recommendation, a
feasibility study was conducted in 2003 to review potential microbial source tracking methods that would

1.2
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be applicable to the Dungeness watershed (Woodruff and Evans 20@8hf the molecular methods
included in that review were implemented and are the focus of this report.

1.2 Study Area and Land Use

The Dungeness watershed is located on the Olympic Penimearfl@uget Sound in Washington State
(Figurel.2). The major freshwat tributary to Dungeness Bay is the Dungeness Ril@ch originaes
in the Olympic Mountains anitbws 32 miles through wilderness, forested, agriculiiaatl residential
areas into theay. The upper twahirds of the watershed are in the OlympiciNa&l Park and Olympic
National Forest. The lower portion of the watershed flows predominantly through private land. The
watershed lies in the rain shadow of the Olympic Mountavhgreannual precipitationariesfrom 15
inchesin the lower watershed &pproximately 80n. atthe headwaters of the Dungeness River (Clallam
County 1993).

Figure 1.2 Overview of Olympic Peninsul8howingDungenes§Vatershed

The Dungeness River is the primary freshwaibutary flowing into Dungeness Bay. Thayis
partly enclosed withia sand spit that extends approximately 5 nelestward into the Strait of Juan de
Fuca and is home to the Dungeness National Wildlife Refuge. The U.S. Fish and Wildlife Service
mana@s approximately 131 hectares within bayas a wildlife refuge that provides habitat for a
multitude of migrating birdandmarine mammals. Recreational enthusiasjeykayaking, wind
surfing, and bird watching the bay A limited fishery isusedby multiple groups includingribal,

1.3



