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Monitoring Report—Thornton Creek and Matthews Beach MST Study

Introduction

Fecal coliform bacteria concentrations in Thornton Creek and at Matthews Beach (Lake
Washington) exceed the state water quality standard and pose a potential threat to public health.
Two segments of Thornton Creek, as well as that portion of Lake Washington at Matthews
Beach Park, are included on the Washington State Department of Ecology’s (Ecology’s) 303(d)
list of threatened and impaired water bodies. The reason for their listing is the presence of fecal
coliform bacteria (Ecology 2006). King County has observed high bacteria concentrations at
Matthews Beach, which has resulted in closures of this public swimming beach, and has
suggested that Thornton Creek may be the primary source of the contamination.

The primary purpose of this microbial source tracking (MST) study was to determine potential
sources of the bacteria in Thornton Creek and at Matthews Beach, and to evaluate the relative
contribution of Thornton Creek to the contamination observed at Matthews Beach. This report
summarizes the findings of the MST study.

The molecular ribotyping technique has been used for many other studies to identify sources of
fecal contamination in watersheds throughout western Washington (Herrera 1993, 1999, 2001,
2004b, 2005b, 2006) and is considered by Ecology to be an effective investigative technique
(Ecology 1999). This microbial source tracking method isolates pure cultures of Escherichia
coli (E. coli), which is the most common member of the fecal coliform bacteria group, from
samples of receiving waters and suspected sources that include domestic wastewater, industrial
effluent, and fecal matter from humans and other warm-blooded animals. The E. coli cultures
obtained are then genetically typed and compared to a library of unique genotypes to determine
the presence of specific sources. Sources of other bacteria in the fecal coliform bacteria group
(e.g., Klebsiella, Enterobacter, and Serratia) and some other enteric bacteria (e.g., Enterococcus)
are not identifiable using this method.
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Monitoring Report—Thornton Creek and Matthews Beach MST Study

Background Information

This section presents background information for the Thornton Creek and Matthews Beach
microbial source tracking study. A description of the Thornton Creek watershed is presented,
followed by a summary of previous monitoring efforts in the basin. The Thornton Creek
watershed is briefly described in terms of land use, hydrology, habitat, and water quality.

Watershed Description
Land Use and Hydrology

Thornton Creek drains a 7,414-acre (11-square mile) urban watershed in northwestern King
County, between Puget Sound and Lake Washington, and is located in water resource inventory
area (WRIA) 8. The Thornton Creek watershed extends roughly from NE 190™ Street in the
City of Shoreline to NE 80" Street in Seattle (Figure 1). Two-thirds of the basin lies within the
Seattle city limits; the remainder is within the Shoreline city limits. Approximately half of the
watershed is covered by impervious surfaces. Land use consists of single-family and
multifamily residences (53 percent), highways and roads (24 percent), commercial development
(8 percent), parks and golf courses (4 percent), schools (4 percent), vacant land (4 percent), and
mixed use/industry/utilities/unknown (3 percent) (Seattle 2000).

Thornton Creek consists of three major stream channels and their associated subbasins: the north
fork, the south fork, and the main stem. The north fork drainage basin covers approximately
4,455 acres and includes two major tributaries (Little’s Creek and Little Brook). The north fork
flows from the headwaters at Ronald Bog in Shoreline, under Interstate 5, through the Jackson
Park golf course and several neighborhoods, to the confluence with the south fork.

The south fork drainage basin covers approximately 2,332 acres and includes three major
tributaries (Victory Creek, Willow Creek, and Kramer Creek). The south fork originates west of
Interstate 5 near the North Seattle Community College campus, then flows east under Interstate 5
and through several residential neighborhoods before joining the north fork.

The main stem drainage basin includes 627 acres in addition to the drainage of the south and
north forks. The main stem flows past Meadowbrook Pond to Lake Washington near Matthews
Beach. During high-flow events, a diversion structure located at Meadowbrook Pond (see
Figure 1) directs flows to Lake Washington by way of a 72- to 90-inch pipeline. Two small
tributaries draining to the main stem are Mock Creek and Maple Creek (Seattle 2000).

Habitat and Water Quality

Thornton Creek historically has supported coho salmon, sockeye salmon, chinook salmon,
steelhead trout, rainbow trout, and cutthroat trout (Seattle 2000). However, habitat degradation
along with deteriorating water quality, fish passage barriers, and overfishing have contributed to
a severe decline in most of these species in Thornton Creek. Recent fish surveys indicate that
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Monitoring Report—Thornton Creek and Matthews Beach MST Study

only cutthroat trout populations are surviving in significant numbers. Beginning in 1990, coho
and chinook salmon fry have been released by the Washington Department of Fish and Wildlife
on several occasions as part of an educational program. Surveys conducted through 1999 have
found limited numbers of adult coho and chinook salmon (Seattle 2000).

Based on water quality data collected by SPU, fecal coliform bacteria concentrations in Thornton
Creek do not meet state standards for extraordinary primary contact recreation (Minton 2000).
Thornton Creek was included on Ecology’s 1996 and 1998 303(d) lists for threatened and
impaired water bodies for fecal coliform bacteria as measured at the mouth of the main stem
(Ecology 2004). Thornton Creek was also included on the 2002/2004 Section 303(d) list for
fecal coliform bacteria as measured at the mouth of the main stem and in the lower half of the
south fork (Ecology 2006). Thornton Creek was also included on the 2002/2004 Section 303(d)
list for temperature and dissolved oxygen (Ecology 2006).

For lakes and their tributaries (which are designated as extraordinary primary contact recreation
use), the Washington state water quality standard for fecal coliform bacteria is a geometric mean
not to exceed 50 colony-forming units (CFU) per 100 milliliters (mL), with no more than 10
percent of the samples having a concentration greater than 100 CFU/100 mL (WAC 173-201A).
Water quality at the swimming area of Matthews Beach, located near the mouth of Thornton
Creek, occasionally exceeds Washington State Department of Health and Seattle-King County
Public Health Department beach closure criteria for fecal coliform bacteria, which is a geometric
mean not to exceed 200 CFU/100 mL with no single sample exceeding 1,000 CFU/100 mL
(King County 2004). The waters of Lake Washington at the Matthews Beach swimming area are
also listed on the 2002/2004 Section 303(d) list for fecal coliform bacteria (Ecology 2006).

Previous Bacteriological Monitoring
Historic Bacteriological Testing

Water quality monitoring has been routinely conducted near the mouth of Thornton Creek by
SPU and King County. Water quality data near the mouth were previously compiled for the
period of February 1990 through March 2001 (Minton 2000). Summary statistics for these data
have been computed and are presented as box and whisker plots in Figure 2. Water samples
were collected during 32 storm events and 204 base flow events during this period and were
analyzed for metals, conventional water quality parameters, and bacteria (including fecal
coliform bacteria). The geometric mean concentration of fecal coliform bacteria during base
flow events was 827 CFU/100 mL, with a maximum concentration of 31,000 CFU/100 mL for
the period of March 1990 through March 2001. The geometric mean concentration of fecal
coliform bacteria during storm flow events for the period of February 1990 through December
1997 was 2,185 CFU/100 mL, with a maximum concentration of 9,300 CFU/100 mL. Thus,
fecal coliform bacteria concentrations in Thornton Creek are typically higher during storm flow
than base flow events, and geometric mean concentrations substantially exceed the water quality
standard (50 CFU/100 mL) during storm and base flow. In addition, the geometric mean fecal
coliform bacteria concentration was slightly higher for the dry season (1,314 CFU/100 mL for
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Figure 1. Microbial source tracking stations and subbasin boundaries in the Thornton Creek watershed, Seattle, Washington.
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Monitoring Report—Thornton Creek and Matthews Beach MST Study

June through October) than the wet season (704 CFU/100 mL for November through May) (see
Figure 2).

MST Studies

In April and May 2001, King County conducted a microbial source tracking study of Thornton
Creek to determine if domestic sewage was a source of the observed fecal coliform bacteria
contamination (King County 2001). Water samples were collected during three monitoring
events from 13 stations on the north fork, south fork, and main stem of Thornton Creek. Single
samples were collected during the first monitoring event, and three replicates were collected
during the second and third monitoring events. For the first monitoring event, which was
conducted during dry weather, fecal coliform bacteria concentrations ranged from 200 to

1,600 CFU/100 mL. For the second monitoring event, which was conducted during a rain event,
all samples analyzed had concentrations greater than 600 CFU/100 mL. For the third monitoring
event, which was conducted two days after the rain event, fecal coliform bacteria concentrations
ranged from less than 100 to 600 CFU/100 mL. The highest fecal coliform bacteria
concentration (greater than 600 CFU/100 mL) was measured in two samples collected below
Meadowbrook Pond on the main stem of Thornton Creek.

The King County (2001) microbial source tracking study found that urban wildlife and pets were
the principal sources of fecal coliform bacteria in Thornton Creek. A total of 273 isolates were
recovered from 91 water samples collected for the study, and 240 (88 percent) of the isolates
were matched to known sources. Of the 240 matched isolates, only 9 (4 percent) of the isolates
were matched to human sources. Human isolates were observed at four stations on the south
fork of Thornton Creek, one station on the north fork of Thornton Creek, and one station on the
upper main stem (just below the confluence of the north and south forks). The remaining

231 isolates were matched to the following ten types of animal sources: avian (birds), dog, cat,
rodent, opossum, muskrat, squirrel, raccoon, rabbit, and beaver/otter. Overall, birds and dogs
were the most frequently observed sources, together representing 59 percent of all matched
isolates.

Recent Bacteriological Testing

King County monitors fecal coliform bacteria concentrations at Matthews Beach Park and the
mouth of Thornton Creek during the summer as part of its swimming beach monitoring program.
The Seattle-King County Department of Public Health uses the “ten-state standard” to determine
whether fecal coliform bacteria concentrations pose a risk for public health, requiring swimming
areas to be closed. The ten-state standard was developed for swimming beaches in the Great
Lakes region, and is a geometric mean of fecal coliform bacteria concentrations not to exceed
200 CFU/100 mL with no single sample exceeding 1,000 CFU/100 mL (King County 2004).

Summaries of the King County swimming beach monitoring data collected from 2001 through
2005 for Matthews Beach and Thornton Creek are presented in Figure 3. Geometric mean fecal
coliform bacteria concentrations during each swimming season ranged from 508 to 865 CFU/100
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Figure 3.

Fecal coliform bacteria concentrations at Thornton Creek and Matthews Beach during the swimming seasons (May
through September) of 2001 through 2005.
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Monitoring Report—Thornton Creek and Matthews Beach MST Study

mL in Thornton Creek and from 68 to 131 CFU/100 mL at Matthews Beach. As shown in
Figure 3, no increasing or decreasing trends are apparent between years at either station. In
addition, year to year variations in bacteria concentrations at Matthews Beach do not appear to
be related to year to year variations in bacteria concentrations in Thornton Creek.

The Matthews Beach swimming area was closed on two occasions between 2001 and 2005. It
was closed on July 6, 2004, because the ten-state standard was exceeded in lake water samples
collected after a storm event that resulted in high fecal coliform bacteria concentrations in
Thornton Creek. The maximum daily mean concentration of fecal coliform bacteria reported for
Matthews Beach was 3,000 CFU/100 mL on July 6, 2004, which compares to a concentration of
6,000 CFU/100 mL for Thornton Creek on the same date. The geometric mean fecal coliform
bacteria concentrations for the period of May 18 to July 6, 2004, were 133 CFU/100 mL at
Matthews Beach and 721 CFU/100 mL at Thornton Creek (King County 2004).

The Matthews Beach swimming area was also closed from July 14 to 20, 2005, due to elevated
levels of fecal coliform bacteria that exceeded the ten-state standard. The concentration of fecal
coliform bacteria reported for Matthews Beach was 750 CFU/100 mL on July 12, 2005 and the
fecal coliform bacteria concentration in Thornton Creek was 410 CFU/100 mL on this date. The
geometric mean fecal coliform bacteria concentration for the period of June 14 to July 12, 2005,
was 359 CFU/100 mL at Matthews Beach and 455 CFU/100 mL at Thornton Creek (King
County 2006).
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Methods

The primary objectives of the Thornton Creek and Matthews Beach microbial source tracking
study are to identify the sources of fecal coliform bacteria in Thornton Creek and Matthews
Beach, and to evaluate the relative contribution of bacteria in Thornton Creek to the
contamination observed at the Matthews Beach swimming area. A secondary objective is to
collect sufficient data to evaluate how the fecal coliform bacteria concentrations, loadings, and
sources vary with hydrologic conditions, seasons, and locations within the Thornton Creek
watershed. The study design is summarized below, followed by a description of the sampling
locations and schedule, and sample collection and analysis methods. Quality assurance
objectives and procedures are described in the sampling and analysis plan (Herrera 2005a).

Study Design
To meet the study objectives, the following study components were implemented:
= The collection and analysis of water samples for fecal coliform bacteria at
five stream stations on Thornton Creek and two lake stations at Matthews
Beach Park.
= The isolation of pure strains of E. coli bacteria from the water samples,

development of a genetic fingerprint (ribotype) for each isolate, and
comparison of those isolates to the molecular ribotyping library of bacteria
sources.

. The collection of hydrologic data at the five stream stations on Thornton
Creek to evaluate fecal coliform bacteria loadings.

" The collection of wind data to evaluate the effects of wind on bacteria
concentrations at Matthews Beach.

. Implementation of optical brightener monitoring to evaluate whether this
low-cost approach is useful for detecting the presence of municipal
sewage in Seattle streams.

. The collection of stream and lake sediment samples for analysis of
bacteria concentrations and sources.

A total of 252 water samples were to be collected from five locations on Thornton Creek and two
locations at Matthews Beach (see Figure 1). The water samples were to be collected during six
base flow and six storm flow events. During each monitoring event, three samples were to be
collected and analyzed for fecal coliform bacteria from each station. The ribotyping technique
was to be applied to an average of three distinct E. coli bacterial colonies from each of the
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Monitoring Report—Thornton Creek and Matthews Beach MST Study

252 water samples, for a total of 756 isolates. Discharge data were to be collected from
continuous streamflow gauges, operated and maintained by SPU, which are located at or
upstream of each of the five water sampling stations on Thornton Creek. Wind data were to be
obtained from the weather monitoring station on the Evergreen Point Bridge (State Route 520),
which is operated and maintained by Washington State Department of Transportation. Optical
brightener monitoring was to be conducted at 12 locations on Thornton Creek during each of the
six base flow sampling events described above.

The molecular ribotyping component was conducted in accordance with the sampling and
analysis plan (Herrera 2005). Deviations from the sampling and analysis plan did occur for the
bacteria enumeration, discharge, wind, and optical brightener monitoring components. However,
the data that was generated was of acceptable quality and as a result the study objectives were
met. The optical brightener monitoring was discontinued after three monitoring events because
no positive results were obtained, indicating a lack of sewage contamination of stream waters.

A limited amount of sediment monitoring was then added to the study design to determine if
bacteria concentrations and sources in sediment could be correlated to those observed in stream
and lake waters. The study components are summarized in Table 1 and the monitoring
procedures are described below.

The water samples were collected and analyzed as designed, with 36 samples collected from
each of the seven sampling locations (see Figure 1), for a total of 252 water samples. A total of
six base flow and 11 storm flow events were sampled from February 2005 through December
2005. A greater number of storm events were sampled than planned for because fewer samples
were collected during several of the storm events due to the early cessation of rainfall and the
subsequent decrease in stream flow (three samples were collected during two storm events, two
samples were collected during three storm events, and one sample was collected during six storm
events). This deviation from the sampling design was implemented to maximize the potential to
obtain multiple sources of fecal coliform bacteria during storm flow conditions. A greater
number of isolates were obtained from the collected samples than was planned for in the study
design (i.e., 791 isolates were obtained at an average of 3.14 isolates per sample versus the
design of three isolates per sample for a total of 756 isolates).

Seattle Public Utilities (SPU) discontinued discharge monitoring at station TCS40 (Upper South
Fork) in April 2005 due to poor data quality resulting from the installation of in-stream logs just
below the discharge monitoring station, which resulted in a backwater effect. Flow data from a
discharge monitoring station located just downstream of TCS40 were used to estimate flows at
TCS40 once the station was removed. As discussed in the sampling and analysis plan (Herrera
2005), stream flow at the Lower South Fork station was to be estimated using flow meters
located at the mouth of Kramer Creek and at the South Fork Thornton Creek, upstream of
Kramer Creek. In September 2005, the flow meter located upstream of Kramer Creek was
removed, and a new station was established at 35" Avenue NE (location of TCS41 for this
study). Discharge volumes for the Lower South Fork (TCS41) station from September through
December 2005 were based on data collected at this location. In October 2005, Seattle Public
Utilities discontinued discharge monitoring at station 46 (located on the main stem at Sand Point
Way, upstream of station TCM46 monitored for this study) because the United States Geologic
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Survey (USGS) operates a stream flow gauge at the same location. Stream flow data measured
at the USGS gauge for January through December 2005 was then used for this study.

Table 1. Sampling and analysis summary for the Thornton Creek and Matthews Beach
microbial source tracking study.

Fecal Coliform E. coli Ribotyping Optical Fecal Coliform E. coli Ribotyping
Bacteria Analyses Isolates from Brightener  Bacteria Analyses of Isolates from

Station of Water Samples®*  Water Samples®  Analyses©  Sediment Samples ¢  Sediment Samples ©
TCN64 36 111 3 3 0

TCS41 36 113 3 0 0

TCS40 36 113 3 0 0
TCN33 36 109 3 0 0
TCM46 36 117 3 0 16

MBS 36 111 0 3 16

MBN 36 117 0 3 17
TCS01 0 0 3 0 0
TCS02 0 0 3 0 0

VCl1 0 0 3 0 0

VC2 0 0 3 0 0
TCS03 0 0 3 0 0

WCR 0 0 3 0 0

KC1 0 0 3 0 0

Totals 252 791 42 9 49

® Analysis of three grab samples per station collected during six base flow sampling events, and between one and three grab
samples per station collected during 11 storm flow sampling events. Laboratory analyses conducted by Aquatic Research, Inc.
Analysis of three isolates per sample on average (ranging from 0 to 6 isolates/sample) from fecal coliform bacteria cultures.
Laboratory analyses conducted by the Institute for Environmental Health.

¢ Optical brightener sample pads were deployed during each of three base flow sampling events and collected following between
2 and 12 days of exposure.
Analysis of three sediment samples collected during one sampling event. Laboratory analyses conducted by the Institute for
Environmental Health.

© Analysis of five isolates per sample on average (ranging from 5 to 7 isolates/sample) from fecal coliform bacteria cultures.
Laboratory analyses conducted by the Institute for Environmental Health.

Wind data collected at the Evergreen Point Bridge (State Route 520) weather monitoring station
was incomplete, due to equipment malfunctions and data collection errors. As a result, wind data
were not available for five of the 17 water sampling dates. As a result, the influence of wind on
beach water bacteria concentrations was analyzed using manual wind speed and direction data
collected at the time of sampling the lake stations.

Optical brightener monitoring was conducted at 12 locations during the first three base flow
events only. Optical brightener pads were deployed for 2, 10, and 12 days for the first, second,
and third base flow monitoring events, respectively. The optical brightener pads were dried at
least 12 hours and exposed to ultraviolet light to screen for the presence of optical brighteners. A
filter soaked in distilled water was used as a negative control for each screening conducted. A
positive control (a filter soaked in a water and detergent solution) was used for each screening
conducted. Due to a lack of positive results (no optical brighteners were detected at any
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monitoring location), the optical brightener monitoring was discontinued after the third
monitoring event.

An additional component of the MST study was implemented to address the primary objective of
identifying the sources of fecal coliform bacteria in Thornton Creek and at Matthews Beach.
Sediment monitoring was conducted to determine if stream sediment near the mouth of Thornton
Creek and lake sediment around the Matthews Beach swimming area are contributing fecal
coliform bacteria observed in lake waters at the swimming beach. Stream sediments provide an
environment suitable for the extended survival and possible growth of fecal microorganisms
(Burton et al. 1987; Doyle et al. 1992; Sherer et al., 1992), and bacteria concentrations observed
in stream sediments are typically higher than concentrations observed in the overlying water
(Burton et. al. 1987). As a result, stream sediments may act as a reservoir (sink) for bacteria
which can enter the stream water column during storm events (Jamieson 2005). Nearshore
sediment sampling was conducted during base flow conditions on September 7, 2005. Three
sediment samples were collected from the North Lake (MBN) and South Lake (MBS) stations
and from the station at the mouth of Thornton Creek (TCM46), for a total of nine samples.

Sampling Locations

Water samples were collected at seven locations (see below) that are currently monitored by SPU
and King County. Five sampling stations were selected on Thornton Creek because these
stations are representative of the major subbasins of Thornton Creek, and discharge is
continuously measured at each location (see Figure 1). Two sampling stations were selected at
Matthews Beach Park because they are stations used by King County to assess water quality as
part of the swimming beach assessment program, and these stations are located on either side of
the mouth of Thornton Creek (Figure 4).

Water samples were collected moving from upstream to downstream in the watershed, in order
to follow the progression of the hydrograph during storm flow events. The following stations
were sampled in the order presented below (with stream bank direction determined looking
downstream):

. Station TCN64 (Upper North Fork station): Thornton Creek north fork
upstream, located at SPU station 64 (at 10™ Avenue NE, below the
Jackson Park golf course). Samples were collected from the left bank,
upstream of the culvert under 10" Avenue NE.

. Station TCS40 (Upper South Fork station): Thornton Creek south fork
upstream, located at SPU station 40 (at 8™ Avenue NE and NE 105™
Street). Samples were collected from the right bank, downstream of the
culvert under 8" Avenue NE.

= Station TCS41 (Lower South Fork station): Thornton Creek south fork
downstream, located at SPU station 41 (at 35" Avenue NE, south of NE
110™ Street). Samples were collected from the right bank, upstream of the
culvert under 35" Avenue NE.
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Station TCN33 (Lower North Fork station): Thornton Creek north fork
downstream, located at SPU station 33 (at NE 110" Street, east of 35t
Avenue NE). Samples were collected from the left bank, upstream of the
culvert under NE 110" Street.

Station TCM46 (Main Stem Mouth station): Thornton Creek main stem
downstream, located near the stream mouth below SPU station 46 (at Sand
Point Way). Samples were collected from the left bank, upstream of the
pedestrian bridge located at 51* Avenue NE in Matthews Beach Park.

Station MBS (South Lake station): Lake Washington at Matthews Beach
Park south of Thornton Creek. Samples were collected directly offshore
of the southern boundary of the park at a depth of approximately 2 feet.

Station MBN (North Lake station): Lake Washington at Matthews Beach
Park north of Thornton Creek within the swimming area. Samples were
collected at the rope separating shallow and deep areas at the center of the
swimming beach, located near the northern boundary of the park.

Optical brighteners were monitored at the five E. coli ribotyping stations located in Thornton
Creek (TCN64, TCS40, TCS41, TCN33, and TCM46) and at the following seven stream stations
(presented in order from upstream to downstream):

Station TCSO1: Thornton Creek south fork above Northgate Mall, on the
North Seattle Community College campus at the culvert outfall located
500 feet east of College Way North and N 100™ Street.

Station TCS02: Thornton Creek south fork below Northgate Mall, located
at 5™ Avenue NE and NE 103™ Street.

Station VC1: Victory Creek above Victory Creek Park, located at NE
112™ Avenue.

Station VC2: Victory Creek near the mouth, located at NE 108"™ Avenue
and 12" Avenue NE.

Station TCS03: Thornton Creek south fork, located at NE 105™ Avenue
and 17" Avenue NE.

Station WCR: Willow Creek near the mouth, located at NE 100™ Avenue.

Station KC1: Kramer Creek near the mouth, located at 30" Avenue NE
approximately 75 feet north of NE 107™ Street.

Sediment samples were collected at three of the fecal ribotyping stations established for the MST
study (TCM46, MBS, and MBN).
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Sampling Schedule

Field personnel collected water samples during 17 sampling events, including six base flow
events and 11 storm events during the period of February 2005 through December 2005. Three
base flow events were conducted during the winter season (November through April) and
summer season (May through October). Monitoring was conducted during six storm events
during the winter season, and five storm events during the summer season. Sediment samples
were collected during a single sampling event on September 7, 2005.

Table 2 presents the schedule for storm and base flow sampling, and total precipitation amounts
for each sampled storm event. A storm event is defined as having a minimum precipitation total
of 0.02 inches and a preceding dry period of at least six hours. The timing of storm event
sampling is also presented in relation to the portion of the hydrograph when the sampling
occurred (i.e., the rising limb or falling limb). Precipitation totals were obtained from the
Matthews Beach/Magnuson Park rain gauge (RG02) that is operated and maintained by Seattle
Public Utilities (Seattle 2006b).

Sample Collection

During each base flow or storm flow sampling event, three water samples were collected
manually as grab samples at each of the seven sampling stations. For base flow events, samples
at each station were collected at least 5 minutes apart during a single round of sampling. For
storm flow events, one sample was collected from each station during multiple sampling rounds.
Between one and three sampling rounds were completed for each storm sampling event
depending on the length of the storm. The number of sampling rounds (or samples per station)
per storm event is presented in Table 2. All water samples were collected using aseptic
techniques, placed on ice, and delivered to Aquatic Research, Inc. within 24 hours of sample
collection.

Optical brightener monitoring occurred coincident with each of the first three base flow sampling
events (see Table 2). At each monitoring station, one optical brightener sample pad was placed
in a plastic-coated wire cage and the cage was anchored in the stream with wooden stakes. After
between 2 and 12 days of exposure, the sample pad cages were detached from the wooden stakes
and the pads removed from each cage. Each pad was rinsed in stream water to remove any
sediment and then placed in a labeled, Ziploc plastic bag for transport to the Herrera laboratory.
Pads were dried for at least 12 hours in a lint-free environment (under a covered container that
allows air flow), and stored in a freezer prior to screening for the presence of optical brighteners.

Three sediment samples were collected as core samples at each of the three sediment sampling
stations (TCM46, MBS, and MBN). The samples were collected from the top 2 inches of the
substrate, and were placed in clean and sterile 50 mL sample jars. Organic matter content of the
samples was estimated based on visual observations of sediment grain size and relative
abundance of sand, gravels, and fine sediments/organic material. The beach sediment samples
were collected approximately 3 feet from the waters’ edge, at a water depth of 6 inches. The
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Table 2. Sampling schedule and precipitation totals for the Thornton Creek and Matthews Beach microbial source tracking
study.
Sampling Number of Samples Sampling Event Storm Event Portion of Event Precipitation
Event ID per Station Start Date/Time End Date/Time Start Date/Time End Date/Time Hydrograph (inches) *
Base 1 3 2/1/2005 7:54 2/1/2005 10:00 NA NA - 0.00
Base 2 3 4/19/2005 12:15 4/19/2005 14:05 NA NA - 0.00
Base 3 3 6/29/2005 10:40 6/29/2005 12:35 NA NA - 0.00
Base 4 3 8/16/2005 8:53 8/16/2005 11:40 NA NA - 0.00
Sediment 3 9/7/2005 10:50 9/7/2005 12:05 NA NA - 0.00
Base 5 3 10/25/2005 12:45 | 10/25/2005 14:45 NA NA - 0.00
Base 6 3 11/21/2005 8:50 11/21/2005 10:35 NA NA - 0.00
Storm la 2 3/19/2005 16:57 3/19/2005 19:10 3/19/2005 11:00 3/19/2005 18:00 falling 0.29
Storm 1b 1 3/26/2005 11:45 3/26/2005 12:47 3/26/2005 2:00 3/28/2005 15:00 rising 1.84
Storm 2a 2 4/1/2005 4:25 4/1/2005 6:45 3/31/2005 14:00 4/1/2005 6:00 falling 0.33
Storm 2b 1 4/16/2005 6:30 4/16/2005 9:30 4/15/2005 13:00 4/16/2005 10:00 falling 0.94
Storm 3 3 5/18/2005 7:05 5/18/2005 9:45 5/17/2005 21:00 5/19/2005 4:00 rising 0.53
Storm 4 3 10/2/2005 13:20 10/2/2005 16:00 10/2/2005 10:00 10/2/2005 19:00 falling 0.22
Storm 5a 1 10/28/2005 3:50 10/28/2005 4:40 10/27/2005 21:00 10/28/2005 4:00 falling 0.24
Storm 5b 1 10/31/2005 5:15 10/31/2005 6:05 10/30/2005 17:00 | 10/31/2005 10:00 rising 0.52
Storm 5¢ 1 11/1/2005 7:25 11/1/2005 8:40 10/31/2005 19:00 11/1/2005 15:00 rising 0.72
Storm 6a 1 12/20/2005 6:35 12/20/2005 9:55 12/19/2005 4:00 12/20/2005 8:00 rising 0.41
Storm 6b 2 12/21/2005 6:55 12/21/2005 11:30 | 12/20/2005 14:00 | 12/22/2005 19:00 rising 1.54

* Event precipitation includes all precipitation during the sampled storm event and all precipitation preceding the sampled base flow event.
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creek sediment samples were collected just upstream of the pedestrian bridge in Matthews Beach
Park, from the middle of the channel. All sediment samples were collected using aseptic
techniques, placed on ice, and delivered to the Institute for Environmental Health within 3 hours
of sample collection.

Sample Analysis

Each water sample was analyzed for fecal coliform bacteria using the membrane filter method
(Method 9222D) as outlined in Standard Methods for the Examination of Water and Wastewater
(APHA et al. 1995). Aquatic Research, Inc. is accredited by Ecology to perform the required
analyses. Generally, sample volumes of 0.1 mL, 1.0 mL, and 10.0 mL were filtered for the
analysis of those stream samples collected during storm flow events. For all lake samples and
stream samples collected during base flow events, sample volumes of 0.5 mL, 5.0 mL, and

50 mL were filtered for the analysis. After enumeration, fecal coliform bacteria culture plates
were delivered to the Institute for Environmental Health (IEH) laboratory for E. coli isolation
and ribotyping analysis.

Each sediment sample was analyzed for the presence of fecal coliform bacteria using the 5-
replicate multiple tube fermentation test method (Standard Methods 9221B & C) as outlined in
Standard Methods for the Examination of Water and Wastewater (APHA et al. 1995). Sediment
samples were homogenized in the sample containers, 12 gram portions were removed and placed
in sterile mixing bags, and 108 ml of sterile APHA buffered water were added to each mixing
bag. The samples were thoroughly mixed and portions were transferred to make serial 10-fold
dilutions. Sample portions were inoculated to Lauryl Tryptose Broth (LTB) in five replicates,
starting with a 1 gram inoculum and proceeding to 0.0001 gram (10™ dilution). After
enumeration, samples from positive culture tubes were plated onto MacConkey’s agar and tested
to verify the presence of E. coli bacteria.

Pure cultures of E. coli bacteria were obtained from the sample culture plates by the laboratory.
An average of three E. coli isolates for the water samples and five E. coli isolates for the
sediment samples were prepared from cultures developed for each sample, then analyzed using
the ribotyping technique. The laboratory employed the ribotyping technique according to
Standard Operating Procedures, which include the following steps:

. Isolation and labeling of E. coli ribosomal ribonucleic acid (RNA) to
create the genetic probe

. Isolation of genomic deoxyribonucleic acid (DNA) from the source
samples and the receiving water samples

= Hybridization of the DNA with the genetic probe

= Analysis of the ribotype information to compare the characteristic patterns
for the E. coli isolated from receiving waters with the E. coli isolated from
source samples.
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In addition, two blind source samples were prepared by Aquatic Research, Inc. to check the
accuracy of the ribotyping method. Cultures from one goose or duck fecal sample and one dog
fecal sample were prepared and shipped to the Institute for Environmental Health for matching to
the ribotype library. (The goose/duck fecal sample was initially identified in the field as a duck
fecal sample; however, both duck and goose fecal material were present at the sampling location
and a definitive identification could not be made at the time of sample collection.)

As noted above, optical brightener pads were dried and stored in a freezer until screened for the
presence of optical brighteners. The pads were screened for the presence of optical brighteners
using a hand-held ultraviolet light at 365 nanometers. Positive and negative controls were
screened with each batch of filter pads analyzed. For quality assurance purposes, one optical
brightener pad from each sampling event was sent to Ozark Underground Laboratory for analysis
by the spectrophotometer method to confirm the results of the initial screening.
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Results and Discussion

Results of the microbial source tracking study are presented and discussed separately below for
data validation, hydrology, bacteria concentrations, fecal coliform bacteria loadings, wind
effects, ribotyping, and optical brighteners. Laboratory analysis reports and data quality
assurance worksheets are presented in Appendix A. The project database is presented in
Appendix B and includes all bacteriological and ribotyping laboratory data.

Data Validation

The overall data quality objective of the study was to ensure that data of known and acceptable
quality were obtained. Field notes and laboratory results were reviewed for precision, accuracy,
representativeness, completeness, and comparability. Although quality control problems were
identified, as noted below, no data were rejected (flagged with an R) during the data review.
Therefore, all of the data collected are considered to be of acceptable quality and are used here
for evaluation purposes. Data validation results are summarized below for bacteria enumeration
and ribotyping.

Bacteria

During the quality assurance review, data quality issues were identified and noted in the quality
control worksheets (see Appendix A). The method used to measure bacteria concentrations
recommends that between 20 and 60 colonies are present on each culture plate to achieve the
most accurate count. The analytical laboratory reported 69 (27 percent) of the 252 bacteria
results as estimates (flagged with an “est”) due to colony counts of less than 20, and reported
seven (2.8 percent) of the 252 bacteria results as “greater than” the reported value (flagged with
a “>” due to colony counts greater than 60). However, the laboratory discontinued the practice
of flagging data associated with low or high colony counts approximately half-way through the
sampling period. In addition, this data flagging procedure is not required by the analytical
method and was not specified in the sampling and analysis plan (Herrera 2005). Therefore, data
flags assigned by the laboratory for low or high colony counts were not included in the project
database. These data flags can be found in the laboratory analysis reports in Appendix A.

Four (1.6 percent) of the bacteria results were reported by the analytical laboratory as “greater
than” the measured value (flagged with a “>"") because the numbers of colonies on all sample
culture plates were too numerous to count. The laboratory estimated the sample value using a
count of 200 colonies for the culture of the highest sample dilution. These data were entered into
the project database with a “G” qualifier, signifying that the actual value is greater than the
reported value.

Bacteriological results were assessed for analytical precision using laboratory duplicates. The
precision criteria consisted of two levels: the relative percent difference (RPD) of laboratory
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duplicates shall be less than or equal to 35 percent for values that are greater than five times the
detection limit, and the difference between duplicates shall be within two times the detection
limit for values less than or equal to five times the detection limit. These quality assurance
objectives were met for all of the 17 laboratory duplicates analyzed and no data were flagged as
estimates.

Ribotyping

Ribotyping is a microbial source tracking technique that identifies sources of fecal coliform
bacteria contamination by comparing patterns in the genetic material of bacterial isolates to
patterns from known sources. This method has been developed and used by the Institute of
Environmental Health, and it includes various proprietary quality control procedures that provide
data of high quality.

Fecal coliform bacteria cultures from goose/duck and dog fecal samples were submitted to the
Institute for Environmental Health as blind quality control samples. The cultures were prepared
by mixing a small amount of feces in sterile water and analyzing the water as routine water
samples. A total of three isolates from the goose/duck sample and three isolates from the dog
sample were analyzed by the laboratory, and all of the blind isolates were correctly matched to
the ribotype database.

A comprehensive independent study of 22 researchers using 12 different microbial source
tracking methods was recently conducted by the Southern California Coastal Water Research
Project (Griffith et al. 2003). This study included the ribotyping method (Method D) used by the
Institute of Environmental Health as part of six microbial source tracking methods that are
genotype-based and require a host origin database (Myoda et al. 2003). Blind, labeled water
samples were prepared, and contained between one and three of five possible fecal sources (i.e.,
sewage, human, dog, cow, and gull), and were analyzed by each study participant.

The study of microbial source tracking methods found that the ribotyping method (Method D)
performed well in several of the evaluation criteria (Myoda et al. 2003). Method D had high
sensitivity rates (i.e., the percentage of time the source was correctly identified as present in the
sample), at 88 percent for human and sewage sources and 81 percent for all sources. The false
positive rates (i.e., the percentage of time the source was incorrectly identified as present in the
sample) for Method D were low, at 17 percent for human and sewage sources and 23 percent for
all sources. Method D correctly identified the dominant source of contamination in 75 percent of
all samples.

Several study design issues were identified by Myoda et al. (2003) that might have
underestimated the reliability of the methods. Only 50 isolates were examined, representing a
small percentage of the bacterial sample population. Also, heterogeneity of sample preparation
and differential bacterial die-off might have resulted in a misrepresentation of the bacteria
population. Because the goal for the Thornton Creek and Matthews Beach study was to collect a
total of 756 isolates, these factors were considered to have only a minor influence on the overall
level of confidence in identifying either the dominant fecal sources or the relative proportion of
fecal sources in the drainage basin.
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Hydrology

Discharge and precipitation data for the Thornton Creek and Matthews Beach MST study are
summarized below. Discharge data for each monitoring location on Thornton Creek is presented
for January through December 2005. Precipitation data is presented for January through
December 2005 as measured at the three gauges operated by SPU.

Discharge

Discharge data was obtained from SPU for monitoring that occurred at, or upstream of, the
Upper and Lower North Fork stations (TCN64 and TCN33, respectively) and the Upper and
Lower South Fork stations (TCS40 and TCS41, respectively). Discharge data was obtained from
USGS for monitoring upstream of the Main Stem Mouth station (TCM46).

Figure 5 presents discharge data for the North Fork and South Fork Thornton Creek monitoring
stations. Figure 6 presents discharge data for the Main Stem Thornton Creek monitoring station.
Discharge rates at the time of sample collection are shown on these figures. Table 3 presents the
total annual discharge volume (in acre-feet [acre-ft]) for January through December 2005 and
areal hydraulic loading (in cubic feet/acre [cf/acre]) for each location.

Table 3.  Annual discharge rates and volumes and areal hydraulic loadings from January
through December 2005 measured in Thornton Creek.

Upper Lower Upper Lower Main Stem
North Fork North Fork South Fork South Fork Mouth
(TCN64) (TCN33) (TCS40) (TCS41) (TCM46)

Average annual discharge rate (cfs) 2.34 4.35 1.34 342 7.72
Maximum discharge rate (cfs) 31.0 105 79.8 127 84.7
Annual discharge (acre-ft) 1,694 3,133 1,033 2,615 5,591
Area (acres) 1,536 4,137 1,003 2,210 6,973
Areal hydraulic loading (cf/acre) 48,037 32,987 44,833 51,551 34,689

Average annual discharge rates for the Upper and Lower South Fork monitoring stations in 2005
were 1.34 and 3.42 cubic feet per second (cfs), respectively. Maximum discharge rates for the
Upper and Lower South Fork monitoring stations were 79.8 and 127 cfs, respectively. The
maximum flow rate at the Upper South Fork station occurred during a storm event on April 15
and 16, 2005 that produced 0.77 inches of rain at the Maple Leaf Reservoir rain gauge. The
maximum flow rate at the Lower South Fork station occurred during a storm event on December
24, 2005 that produced 1.12 inches of rain at the Maple Leaf Reservoir rain gauge.

Average annual discharge rates for the Upper and Lower North Fork monitoring stations in 2005
were 2.34 and 4.35 cfs, respectively. Maximum flow rates for the Upper and Lower North Fork
monitoring stations were 31.0 and 105 cfs, respectively. The maximum flow rate for both
monitoring stations occurred coincident with a storm event on December 24, 2005 that produced
1.12 inches of precipitation at the Maple Leaf reservoir rain gauge.
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Average annual and maximum discharge rates for the Main Stem monitoring station in 2005
were 7.72 and 84.7 cfs, respectively. The maximum flow rate for the Main Stem monitoring
station occurred coincident with a storm event on January 17, 2005 that produced 1.29 inches of
precipitation at the Maple Leaf reservoir rain gauge. It should be noted that during high-flow
events, a diversion structure located at Meadowbrook Pond (just below the confluence of the
north and south fork) directs flows to Lake Washington by way of a 72- to 90-inch pipeline.

The annual discharge volume is higher for the Lower North Fork (3,133 acre-ft) than the Lower
South Fork (2,615), but the drainage area is much greater for the Lower North Fork (4,137 acres)
than the Lower South Fork (2,210 acres). Thus, the areal hydraulic loading rate is much lower
for the North Fork (32,987 cf/acre) than the South Fork (51,551 cf/acre). The annual discharge
volume for the Main Stem Mouth (5,591 acre-ft) is less than the sum of the two forks

(5,748 acre-ft), likely due in part to the diversion of high storm flows from Meadowbrook Pond
directly to the lake.

Precipitation

Table 4 presents a summary of precipitation data collected from three rain gauges located
adjacent to the Thornton Creek watershed. The gauges are located at Haller Lake (RGO1),
Matthews Beach/Magnuson Park (RG02), and Maple Leaf Reservoir (RG04), (see Figure 1).
The Haller Lake rain gauge (RG02) is located just west of the Thornton Creek watershed at
North 128™ Street and Ashworth Avenue North. Rain gauge RG02 was located at the Matthews
Beach pump station at NE 93rd Street and Sandpoint Way until March 2005, when it was moved
southeast of the watershed to NE 74" Street and 63™ Avenue NE in Magnuson Park. The Maple
Leaf Reservoir rain gauge (RG04) is located just south of the Thornton Creek watershed at NE
82" Street and 12™ Avenue NE.

Table 4. Monthly precipitation totals (inches) for rain gauges adjacent to the Thornton

Creek watershed.
Haller Lake Matthews Beach/Magnuson Park ~ Maple Leaf Reservoir
(gauge RGO1) (gauge RG02) (gauge RG04)
January 2.40 3.02 2.86
February 0.83 1.05 1.00
March 2.61 3.29 2.56
April 2.72 2.20 2.47
May 2.47 2.86 2.57
June 1.83 2.26 1.74
July 0.70 0.92 0.72
August 0.29 0.31 0.28
September 1.22 1.43 1.53
October 2.53 2.56 2.58
November 4.49 4.85 4.30
December 6.59 7.29 6.41
Totals (inches) 28.68 32.04 29.02
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January through December 2005.
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Monitoring Report—Thornton Creek and Matthews Beach MST Study

Average annual precipitation in the Thornton Creek watershed is 34.9 inches (Seattle 2000).
Precipitation totals from Table 4 indicate that 2005 was a drier than average year. A comparison
of annual precipitation totals shows the variability in rainfall patterns over the watershed, with a
slightly higher rainfall total at the rain gauge near the mouth of Thornton Creek compared to the
other two rain gauges located along the western and southern boundaries of the watershed.
Approximately twice as much rain fell during the winter season of 2005 (between 19.6 and

21.7 inches in November through April) than the summer season of 2005 (between 9.0 and

10.3 inches in May through October).

Bacteria Concentrations in Water

In the following section, fecal coliform bacteria concentrations measured in water samples

are summarized and discussed with regard to water quality standards, season of the year,
hydrologic condition, station location, and historical data. The project database that includes all
laboratory data is presented in Appendix B.

Fecal coliform bacteria concentrations for the Thornton Creek and Matthews Beach MST study
are summarized as box and whisker plots in Figure 7. Box and whisker plots show the geometric
mean as a point, 25" and 75" percentiles of the data as a box, and the 10" and 90" percentiles of
the data as whiskers.

Nonparametric statistical procedures were used to test for significant differences among bacteria
data sets because these data do not exhibit a normal distribution. A two-tailed Mann-Whitney
U test was used to test for differences between hydrologic conditions (i.e., base versus storm
flow), season (i.e., summer versus winter), and different studies (i.e., MST study versus
historical data). The Mann-Whitney U test is a nonparametric analogue to the paired t-test.
Differences between the creek monitoring stations were tested using a Friedman’s ANOVA. If
statistical differences were detected, nonparametric multiple comparison tests were performed to
determine which stations were significantly different from the others. Bacteria data from the
Main Stem Mouth station were compared to bacteria data from each of the lake stations using a
Kendall t correlation. All tests were conducted at a significance level (a) of 0.10.

Water Quality Standard Comparison

Thornton Creek and Matthews Beach (Lake Washington) are both designated as extraordinary
primary contact recreation by Washington State water quality standards (WAC 173-201A). The
fecal coliform bacteria standard is a geometric mean not to exceed 50 colony-forming units
(CFU) per 100 milliliters (mL), with no more than 10 percent of the samples having a
concentration of bacteria greater than 100 CFU/100 mL. As shown in Figure 7, the fecal
coliform bacteria standard was exceeded at all seven stations during both summer and winter
storm flow conditions. The bacteria standard was exceeded during summer base flow at all
stations except the South Lake station (MBS), and was exceeded during winter base flow at all
stream stations except the Upper North Fork station (TCN64).
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Washington State Department of Health and Seattle-King County Public Health Department use
the “ten-state standard” to determine whether fecal coliform bacteria concentrations pose a risk
for public health, requiring swimming areas to be closed. The ten-state standard is a geometric
mean of fecal coliform bacteria concentrations not to exceed 200 CFU/100 mL with no single
sample exceeding 1,000 CFU/100 mL (King County 2004). King County applies this standard to
a moving geometric mean of the five most recent sampling events and subsequently conducts
verification sampling if either the geometric mean or single sample criteria are exceeded.
Beaches are then closed if the verification sampling results exceed the standard. As shown in
Figure 7, summer base flow and storm flow fecal coliform bacteria concentrations collected for
this MST study did not exceed the geometric mean criterion, but the single sample criterion was
exceeded in two of three samples collected during a summer storm flow event at Matthews
Beach North (location of the Matthews Beach Park swimming area).

Based on data collected by King County, the Matthews Beach Park swimming area was closed
for one week in July 2005 due to elevated fecal coliform bacteria concentrations. Through July
12, 2005, the moving geometric mean fecal coliform bacteria concentration was 230 CFU/100
mL, and required the collection of verification samples to determine the need for a beach closure.
The mean fecal coliform bacteria concentration of verification samples collected on July 14,
2005 was 456 CFU/100 mL, and resulted in the closure of the swimming beach. The maximum
fecal coliform bacteria concentration reported by King County at Matthews Beach for the 2005
swimming season was 1,500 CFU/100 mL on August 9, 2005. This observation did not result in
a beach closure because the moving geometric mean fecal coliform bacteria concentration of the
five most recent samples was 54 CFU/100 mL, and the verification samples collected on

August 11, 2005 exhibited a mean bacteria concentration of 33 CFU/100 mL.

Spatial, Hydrologic, and Seasonal Comparisons

Bacteria data for samples collected at the five stream stations and two beach stations were
compared to evaluate spatial, hydrologic, and seasonal differences in fecal coliform bacteria in
Thornton Creek and at Matthews Beach. As shown in Figure 7, geometric means of these
bacteria concentrations increase from upstream to downstream in the North Fork and South Fork
of Thornton Creek both seasonally (summer and winter) and hydrologically (storm and base
flow). Bacteria concentrations at the Matthews Beach North Lake station were higher than the
South Lake station during summer and winter base flow, but lower than the South Lake station
during summer and winter storm flow. Results from the statistical comparisons are presented in
Tables 5 and 6.

Results from a Friedman’s ANOVA test show that the significance of the observed increase in
bacteria concentrations from upstream to downstream stations depends on the hydrologic
condition. For example, bacteria concentrations during storm flow showed a significant increase
downstream in the North Fork (p<0.00001) and South Fork (p<0.00001) of Thornton Creek.
However, the increase downstream was only significant in the North Fork (p<0.00001) during
base flow (see Table 5). The Lower North Fork and Lower South Fork stations and the Main
Stem mouth station were not significantly different from each other during either base flow or
storm flow conditions at a significance level (o) of 0.10. These results suggest that stormwater is
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Monitoring Report—Thornton Creek and Matthews Beach MST Study

a significant source of bacteria contamination in the Thornton Creek watershed, and the bacteria
sources are primarily located between the upper and lower stations on both the south and north
forks of Thornton Creek.

Table 5. Spatial comparison of bacteria data collected for the Thornton Creek microbial
source tracking study.

Fecal Coliform Site *
Bacteria Data Set  p-value® [ ow Mean Rank High Mean Rank
All data <0.00001 TCN64 TCS40 TCS41 TCN33 TCM46
Storm flow <0.00001 TCN64 TCS40 TCS41 TCN33 TCM46
Base flow <0.00001 TCN64 TCS40 TCS41 TCN33 TCM46

a Values in bold indicate significant differences exist between sites based on a Friedman ANOVA (alpha = 0.10).

b Monitoring stations connected by a single unbroken line are not significantly different based on a nonparametric multiple
range test.

TCN64 = Upper North Fork station.

TCN33 = Lower North Fork station.

TCS40 = Upper South Fork station.

TCS41 = Lower South Fork station.

TCM46 = Main Stem Mouth station.

Results from a Kendall’s t correlation test show that fecal coliform bacteria concentrations at the
Main Stem Mouth station are significantly correlated to those at the South Lake station
(p=0.000134), but not to those at the North Lake station (p=0.155) (see Table 6). These results
suggest that Thornton Creek is a major source of bacteria to Matthews Beach, and the effects of
the stream on bacteria concentrations in the lake are significant to the area south of the creek
mouth but may not be to the area north. Thus, the shorter distance from the mouth of Thornton
Creek to the South Lake station (350 feet) than the North Lake station (700 feet) points to a
larger dilutional effect on Thornton Creek water with lake water that is reducing fecal coliform
bacteria concentrations in the area of the North Lake station.

A comparison of bacteria concentrations during base flow and storm flow conditions shows that
bacteria concentrations are higher during storm flow than base flow at all of the monitoring
stations (see Figure 7). Results from a Mann-Whitney U test indicate that fecal coliform bacteria
concentrations are significantly higher during storm flow conditions at all of the monitoring
stations except the North Lake station (MBN) (see Table 6). Again, these results also show that
stormwater runoff is a significant factor affecting bacterial contamination in the Thornton Creek
basin.

The seasonal and hydrologic patterns in fecal coliform bacteria concentrations were also similar
among the five stream stations and two lake stations (see Figure 7). Hydrologically, geometric
mean bacteria concentrations were higher during storm flow than base flow for both summer and
winter. Seasonally, geometric mean concentrations were higher during summer than winter for
base and storm flow conditions. These patterns were less pronounced at the North Lake station
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than at the South Lake station, and at the five stream stations. Results from a Mann-Whitney U
test show that storm flow concentrations were significantly higher than base flow concentrations
at all stations except the North Lake station (p=0.28). However, these test results also show that
the fecal coliform bacteria concentrations observed during summer and winter were only
significantly different at the Main Stem Mouth station (see Table 6).

Table 6.  Statistical test results® for spatial, hydrologic, and seasonal comparisons of fecal
coliform bacteria data collected for the Thornton Creek MST study.

Difference of Medians

Comparison (CFU/100 mL) p-value *
Spatial
TCM46 versus MBN NA 0.1546
TCM46 versus MBS NA 0.0001
Hydrologic
TCN64 base versus storm 707.0 <0.0001
TCN33 base versus storm 2,292.0 <0.0001
TCS41 base versus storm 996.0 <0.0001
TCS40 base versus storm 2,790.0 <0.0001
TCM46 base versus storm 3,002.0 <0.0001
MBN base versus storm 178.0 0.2819
MBS base versus storm 306.0 <0.0001
Seasonal
TCN64 winter versus summer 82.0 0.5105
TCN33 winter versus summer 140.0 0.7849
TCS41 winter versus summer -20.0 0.5209
TCS40 winter versus summer -136.0 0.5527
TCM46 winter versus summer 560.0 0.0749
MBN winter versus summer 62.0 0.1442
MBS winter versus summer -38.0 0.3520

* A Kendall's tau correlation was conducted for the spatial comparison and a Mann-Whitney

U test was conducted for the hydrologic and seasonal comparisons.
Values in bold indicate significant differences exist at a2 = 0.10.
NA = not applicable because the Kendall's tau correlation is based on a comparison of ranks of the data, not
the median.

TCN64 = Upper North Fork station.

TCN33 = Lower North Fork station.

TCS40 = Upper South Fork station.

TCS41 = Lower South Fork station.

TCM46 = Main Stem Mouth station.

MBN = North Lake station.

MBS = South Lake station.

b

Historical Data Comparison

As described in the Background Information section, Seattle Public Utilities has monitored fecal
coliform bacteria concentrations near the mouth of Thornton Creek, and King County currently
monitors bacteria concentrations at Matthews Beach Park and at the mouth of Thornton Creek.
In order to determine if fecal coliform bacteria concentrations in Thornton Creek and at
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Matthews Beach Park have changed over time, bacteria data from the MST study were compared
to the historical bacteria data. Comparisons between the MST study bacteria data and the SPU
and King County bacteria data are presented below. Geometric mean bacteria concentrations
from the current MST study and from the SPU and King County monitoring data are presented in
Table 7.

Table 7. Geometric mean fecal coliform bacteria concentrations (CFU/100 mL) for the
Thornton Creek and Matthews Beach microbial source tracking study and
historical bacteria monitoring.

Microbial Source Tracking Study City of Seattle
(2005) (1990-2001 %) King County (2001-2005 b)
Main Stem North Lake Main Stem Main Stem North Lake
Mouth (TCM46) (MBN) Mouth (TCM46) | Mouth (TCM46) (MBN)
Summer 1,575 157 1,314 581 102
Winter 666 78 704 - -
Base 353 77 827 - -
Storm 2,576 142 2,185 - -

Bold value indicates that the value is significantly different from the value for the microbial source tracking study at
a significance level of a= 0.1.

* Data source: Minton (2000).

® Data source: King County (2006).

The fecal coliform bacteria data collected at the Main Stem Thornton Creek station (TCM46) for
this MST study were compared to the fecal coliform bacteria data collected by Seattle Public
Utilities from February 1990 through March 2001 (Minton 2000). Results from the Mann-
Whitney U test indicate that there is not a statistically significant difference (p=0.75) between the
historical bacteria data and the MST study bacteria data. When comparing base flow and storm
flow data separately, there is a statistically significant difference (p=0.004) between the historical
and MST study fecal coliform bacteria data during base flow conditions, but not during storm
flow conditions (p=0.56). The base flow geometric mean concentration of fecal coliform
bacteria was 655 CFU/100 mL for the MST study data compared to 827 CFU/100 mL for the
historical data. This result indicates that fecal coliform bacteria concentrations measured at the
Main Stem Thornton Creek station for the MST study are not significantly different than those
measured at the same location from 1990 to 2001 during storm flow, but bacteria concentrations
were significantly lower for the MST study than have been historically observed during base
flow conditions.

King County monitors fecal coliform bacteria concentrations at Matthews Beach Park and the
mouth of Thornton Creek during the summer as part of its swimming beach monitoring program.
Water samples are collected and analyzed for fecal coliform bacteria concentrations on a weekly
basis from the middle of the swimming area in Matthews Beach Park, which corresponds to the
North Lake Station for this MST study, and from the mouth of Thornton Creek, which
corresponds to the Main Stem Mouth station for this MST study. The fecal coliform bacteria
data collected at the Main Stem Thornton Creek station (TCM46) and the North Lake station
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(MBN) were compared to the fecal coliform bacteria data collected by King County from May
2001 through September 2004 (King County 2004).

Results from the Mann-Whitney U test indicate that there is a statistically significant difference
(p=0.0004) between the historical King County bacteria data collected at the mouth of Thornton
Creek and the MST study bacteria data collected at the Main Stem Mouth station (TCM46).
There is not a statistically significant difference (p=0.40) between the historical King County
bacteria data and the MST study bacteria data collected at the North Lake station (MBN).

Bacteria Concentrations in Sediment

In the following section, fecal coliform bacteria concentrations observed in sediment samples
from Thornton Creek and the two lake stations are presented and discussed and compared to
fecal coliform bacteria concentrations observed in water samples. Table 8 presents a summary
of bacteria data for the sediment and water samples collected from the mouth of Thornton Creek
(TCM46), Matthews Beach North (MBN), and Matthews Beach South (MBS).

Table 8. Comparison of fecal coliform bacteria concentrations in sediment
(organisms/gram sediment) and water samples collected for the Thornton Creek
and Matthews Beach MST study.

Geometric Mean in Geometric Mean in Water
Sediment (CFU/100 mL)
Station Sample 1 Sample 2 Sample 3 (organisms/gram)  Base Flow Storm Flow All Samples
Main Stem Mouth 1,300 5,000 330 599 656 2,576 953
of Thornton Creek
(TCM46)
Matthews Beach 5 11 3 5 77 142 104
North Lake (MBN)
Matthews Beach 17 50 50 35 3 348 93
South Lake (MBS)

Results of the fecal coliform bacteria analysis of sediment samples show a much higher
geometric mean concentration at the Main Stem Mouth station (599 organisms/gram) than either
lake station (35 organisms/gram at the South Lake station and 5 organisms/gram at the North
Lake station). Bacteria concentrations in the creek and lake water samples exhibited a similar
pattern as the sediment samples (see Table 8), with bacteria concentrations decreasing from the
Main Stem Mouth station to the two lake stations. Sediment bacteria concentrations were higher
at Matthews Beach South (MBS) than Matthews Beach North (MBN), which was also observed
in storm flow water samples but not in base flow water samples. During storm events, sediment
from Thornton Creek can be resuspended and deposited in areas downstream. Because the
distance from the mouth of Thornton Creek to the South Lake station is shorter than the distance
to the North Lake station (350 feet and 700 feet, respectively), it is likely that more suspended
sediment, and associated bacteria, would accumulate near the South Lake station than near the
North Lake station. In addition, the accumulated sediment would be subject to wave action
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which would resuspend the sediment and associated bacteria. These results suggest that stream
sediment is a potential source of fecal coliform bacteria contamination for Matthews Beach
during storm events, both directly from the discharge of stream sediment and indirectly from the
resuspension of beach sediment originating from Thornton Creek.

Based on visual observations of the sediment samples, sediment bacteria concentrations appear
to be related to the organic matter content. The estimated organic matter content of the sediment
was 50 percent at the Main Stem Mouth station compared to 25 percent at the South Lake station
and less than 1 percent at the North Lake station. Thus, organic matter content appears to be an
important factor in the accumulation of fecal coliform bacteria in stream and lake sediment, with
higher bacteria concentrations being observed in sediments with a relatively high organic matter
content. Bacteria concentrations in lake sediment have been shown to be higher in sediment with
high organic matter when compared to bacteria concentrations in low organic matter sediment
(Schallenberg and Kalff 1993). The increased bacteria concentrations in high organic matter
sediment is likely due to the greater available surface area of the organic matter particulates
when compared to sand or small gravel, resulting in the adsorption of more bacteria to the
organic matter present.

Thornton Creek Bacteria Loadings

Annual fecal coliform bacteria loadings were calculated to identify the relative contribution of
the monitored drainage subbasins to fecal coliform bacteria contamination in Thornton Creek.
Regression models of stream discharge versus bacteria loading rates (i.e., bacteria concentration
multiplied by the stream discharge rate at the time of sample collection) were developed for each
of the five creek stations. A relatively strong positive relationship (r* ranging from 0.64 to 0.86)
was observed for each station using log transformed values of discharge and fecal coliform
bacteria loading rate. An example regression model for the Main Stem Mouth station is
presented in Figure 8.

Each of these models can be used to calculate an annual fecal coliform bacteria loading by
applying the regression equation to the stream discharge record for 2005 and summing the
results. Further examination of the data distribution shows that the base flow and storm flow
data are grouped separately, and neither group exhibits a significantly positive relationship (i.e.,
loading rates do not significantly increase with discharge when base and storm flow data are
analyzed separately) (see Figure 8). Therefore, bacteria loadings were calculated by multiplying
the geometric mean concentration of the summer and winter base flow and storm flow samples
by the corresponding volume of water associated with each seasonal flow condition for the
monitoring period of interest (2005). Base flow and storm flow volumes for each station were
estimated using a hydrograph separation method which uses a computer algorithm to define
intervals of the hydrograph corresponding to base flow and storm flow periods (Herrera 2004c).
To normalize the bacteria loadings to the size of the drainage area, areal bacteria loadings were
calculated for each monitoring station.
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Areal Bacteria Loadings

Table 9 presents annual areal fecal coliform bacteria loadings for the five creek stations in this
MST study and compares them to literature values for forest and residential land uses (Horner
1994). The loadings presented for each monitoring station represent the cumulative loadings to
that station, such that the loadings for the Main Stem Mouth station represent the average areal
loadings for the entire Thornton Creek basin.

Table9.  Annual areal fecal coliform bacteria loadings (1x10° bacteria/acre-year) for
monitoring stations on Thornton Creek, compared to literature values for forest
and residential land uses.

Base Flow Storm Flow Total Flow
Upper North Fork 0.4 2.2 2.6
Lower North Fork 0.5 17.1 17.7
Upper South Fork 0.5 11.9 12.3
Lower South Fork 0.6 28.1 28.7
Main Stem Mouth 2.0 11.5 13.5
Forest * - - 1.6
Residential - - 3.8-8.5

* Horner et al. (1994).

Annual areal bacteria loadings were substantially higher during storm flow than base flow. The
lowest areal fecal coliform bacteria loadings were observed at the Upper North Fork (TCN64),
and the highest areal fecal coliform bacteria loadings were observed at the Lower South Fork
(TCS41). The low bacteria loadings at the Upper North Fork (TCN64) during storm flow
conditions may be the result of drainage detention features located in this subbasin. Ronald Bog
Pond and Twin Ponds likely improve water quality by the settling of stormwater particulates,
including bacteria. Additional off-channel stormwater ponds located on the Jackson Park Golf
Course may further reduce bacteria loadings observed at the Upper North Fork (TCN64). These
observations suggest that bacteria removal by the ponds outweighs the additional loadings from
waterfowl use of the ponds, which is supported by the ribotyping results discussed below.

Annual areal bacteria loadings during storm flow increase downstream in both the north and
south forks of Thornton Creek (see Table 7). However, annual areal bacteria loadings during
storm flow decrease from the Lower North and South fork stations (46.4 billion/acre-ft) to the
Main Stem Mouth (13.5 billion/acre-ft). This may be attributed to Meadowbrook Pond, an off-
channel retention/detention pond located just below the confluence of the North Fork and South
Fork that diverts storm flow from Thornton Creek to Lake Washington. Because the areal
bacteria loading to the upper main stem is equivalent to the combined Lower North and South
Fork stations, these results suggest that diversion of storm water from Thornton Creek below
these stations to Meadowbrook Pond (and Lake Washington) results in a decrease in the bacteria
loadings observed at the Main Stem Mouth.
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All subbasins except the Upper North Fork exhibit high bacteria loadings compared to those
reported by others (Horner et al. 1994) for residential land uses (see Table 7). The particularly
high areal loadings for the Lower North Fork and Lower South Fork stations suggest that runoff
from subbasins located between the upper and lower stream fork stations contribute the majority
of bacteria present in Thornton Creek. Bacteria sources observed in the subbasins draining to
these stations are discussed for the ribotyping results below.

Figure 9 presents two scatter plots of fecal coliform bacteria loading rates at the Main Stem
Mouth station versus fecal coliform bacteria concentrations at the North Lake and South Lake
stations. Results from a Kendall’s t correlation test show that fecal coliform bacteria loadings at
the Main Stem Mouth station are significantly correlated to bacteria concentrations at the South
Lake station (p=0.000008), and North Lake station (p=0.096). As previously noted for the
bacteria concentration comparisons, these results suggest that Thornton Creek is a major source
of bacteria to Matthews Beach. Because the effects of the stream discharge on bacteria
concentrations in the lake are more significant at the South lake station than the North Lake
station, and the mouth of the Thornton Creek is much closer to the South Lake station (350 feet)
than the North Lake station (700 feet), these results suggest that the distance from the mouth of
Thornton Creek is an important factor affecting bacteria concentrations in the lake.

Bacteria Load Duration Curve

Load duration curves are useful for evaluating bacteria contamination of surface waters, for
identifying hydrologic patterns of the contamination, and for assessing potential sources and
corrective actions. Bacteria load duration curves were developed for the mouth of Thornton
Creek to compare fecal coliform bacteria loadings in the stream to those meeting the Washington
state water quality standard for fecal coliform bacteria (Figure 10). The bacteria load duration
curves for Thornton Creek presented in Figure 10 are based on the two-part Washington state
water quality standard and a 10-year period of daily average discharge as measured at the USGS
gauging station. One fecal coliform bacteria loading rate (target) curve is based on the geometric
mean criterion (not to exceed 50 CFU/100 mL) and the other target curve is based on the 90"
percentile/single sample criterion (not to exceed 100 CFU/100 mL). Bacteria loading rates were
calculated for the mouth of Thornton Creek from the individual water sample bacteria
concentrations and the daily average stream discharge, and were plotted on the load duration
curve by season and flow condition. Thus, calculated bacteria loading rates that plot above the
target curves exceed the associated water quality standard for fecal coliform bacteria.

As shown in Figure 10, the measured bacteria loadings exceeded the target values for the
geometric mean and individual samples during each of the seasonal flow regimes. Only two
samples collected during winter base flow conditions did not exceed the target loading rate for
individual samples. As previously described, the particularly high bacteria loadings during storm
flow indicate that stormwater runoff is an important source of bacteria contamination in
Thornton Creek. However, high bacteria loadings during base flow, particularly during the
summer, indicate that in-stream sources are also important. Identifying the specific bacteria
sources in stormwater runoff and base flow is important in determining appropriate source
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control or treatment corrective actions to reduce bacteria loadings in Thornton Creek. Because
the bacteria loadings in the creek strongly influence the bacteria concentrations observed at
Matthews Beach, corrective actions would be most beneficial during the summer to reduce the
occurrence of beach closures.

Effect of Wind on Matthews Beach Bacteria Concentrations

Wind direction and speed may affect the concentrations of fecal coliform bacteria observed at
Matthews Beach. Wind direction likely affects the direction of longshore currents in the lake,
such that southerly winds may direct currents to the north and northerly winds (blowing south to
north) may direct currents to the south. Thus, southerly winds may direct more of the bacteria in
Thornton Creek towards the North Lake station located at the swimming beach. Wind speed
affects both the strength of the current and the size of the waves, which suspend near shore
sediments. Therefore, strong winds may increase bacteria concentrations at the swimming beach
due to the resuspension of sediment bacteria.

To evaluate the influence of wind on bacteria concentrations at the two beach stations, bacteria
concentrations in samples collected from the North Lake and South Lake stations were plotted as
a function of wind speed (Figure 11). Bacteria concentrations at these stations exhibited a
similar range during low wind speeds (less than 5 miles per hour) and moderate wind speeds (10
to 13 miles per hour). These results suggest that wind speed does not have a substantial effect on
bacteria concentrations observed at either lake station. Bacteria concentrations were higher at
both lake stations during moderate southerly winds compared to moderate northerly winds (see
Figure 11). The higher bacteria concentrations observed at the south lake station during
moderate southerly winds suggests that wind direction does not affect bacteria concentrations in
the lake by directing lake currents from the stream mouth to the South Lake station.

To determine if the lack of an observed effect of wind on fecal coliform bacteria concentrations
at the two lake stations was a result of the influence of stream discharge on those bacteria
concentrations, wind speed at the two lake stations was plotted with residuals from the
comparison of bacteria loading rates at the Main Stem Mouth station versus bacteria
concentrations at the two lake stations shown in Figure 9. The resulting graph (Figure 12)
removes the influence of Thornton Creek bacteria loadings from the comparison of lake bacteria
concentrations to wind. To avoid pseudoreplication bias (i.e., bias from the use of data for
replicate samples that are not statistically independent ), daily mean fecal coliform bacteria
concentrations were calculated, and as a result 17 data points were used for this analysis. As
shown in Figure 12, no significant relationship was observed for either the North Lake stations
(p=0.16) or the South Lake station (p=0.45). Although these results indicate that the effect of
wind on bacteria concentrations at Matthews Beach is not significant, a limited number of
samples were collected during northerly winds and a significant relationship may become
apparent if more data are available.
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Figure 9. Fecal coliform bacteria loading rates at the mouth of Thornton Creek versus fecal coliform
bacteria concentrations at the North Lake and South Lake stations at Matthews Beach.
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Figure 10. Fecal coliform bacteria loading rates measured at the mouth of Thornton Creek compared to fecal coliform bacteria load
duration curves (bacteria loading rate targets) based on Washington state water quality criteria and a 10-year flow
record.
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Figure 11. Wind speed versus fecal coliform bacteria concentrations observed at the North Lake and
South Lake stations at Matthews Beach Park.
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Bacteria Ribotyping

A total of 793 isolates were obtained from the 252 water samples collected for this MST study.
An additional 49 isolates were obtained from the nine sediment samples collected for this study.
These isolates were then matched to the ribotype database (library) maintained by the Institute
for Environmental Health. Approximately 94 percent of the water isolates and 86 percent of the
sediment isolates were matched to a known fecal source. The high number of isolates and high
matching rate provide a high level of confidence that the predominant bacteria sources were
correctly identified.

The ribotyping results from the water samples are presented in Table 10. The number and
percentage of source isolates are presented for each station and for all stations combined.
Several sources were combined into one category for ease of interpretation. The human category
includes sources originating from human waste or sewage samples. The canine category
includes sources identified as dog or canine (i.e., bacteria strains common to both domestic dog
and coyote). The waterfowl category includes sources identified as duck or goose. The avian
category includes sources identified as avian, which consists of bacteria strains common to more
than one type of bird (e.g., crow, pigeon, sparrow, starling, songbird, seagull, coot, duck, or
goose). The rodent category includes sources identified as rodent, which consists of bacteria
strains common to more than one type of rodent (e.g., rat, mouse, vole, mole, muskrat, bat, or
beaver).

The overall matching results for the water and sediment samples are described below.
Comparisons of matching results for the water samples are then summarized in separate sections
for hydrologic condition and season, and for historical data comparison.

Overall Matching Results
Water Samples

Figure 13 presents a schematic pie-chart diagram of bacteria sources in Thornton Creek and
Matthews Beach. The pie charts present the percentage of source categories observed at each of
the seven ribotyping stations, showing the flow path from upstream to downstream stations. For
ease of interpretation, identified bacteria sources were grouped together to create the following
general source categories:

Human (human and sewage)

Pet (canine and feline)

Avian (avian, duck and goose)

Wildlife (beaver, opossum, raccoon, rodent, and squirrel)
Unknown (unknown source).

Although canine could include coyote and feline could include bobcat or cougar, canine and
feline bacteria isolates were grouped into the pet category because it is likely that domestic dogs
and cats represent the majority of canine and feline sources in Seattle.
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Table 10. Number and sources of E. coli bacteria isolates obtained from water samples for the Thornton Creek and Matthews Beach microbial
source tracking study.

Stream Sites Lake Sites
TCN64 TCN33 TCS40 TCS41 TCM46 MBN MBS
Upper North Fork Lower North Fork Upper South Fork Lower South Fork Main Stem Mouth Lake North Lake South Sum of All Stations
Number | Percent | Number | Percent | Number | Percent | Number | Percent | Number | Percent | Number | Percent | Number | Percent | Number | Percent
Fecal Source | of Isolates | of Total | of Isolates | of Total | of Isolates | of Total | of Isolates | of Total | of Isolates | of Total | of Isolates | of Total | of Isolates | of Total | of Isolates | of Total
Human 3 2.7% 7 6.4% 6 5.3% 2 1.8% 4 3.4% 1 0.9% 0 0.0% 23 2.9%
Canine 11 9.9% 15 13.8% 9 7.9% 13 11.4% 10 8.5% 10 8.5% 11 9.9% 79 10.0%
Feline 0 0.0% 2 1.8% 1 0.9% 0 0.0% 0 0.0% 2 1.7% 2 1.8% 7 0.9%
Avian 39 35.1% 46 42.2% 43 37.7% 46 40.4% 51 43.6% 51 43.6% 41 36.9% 317 40.0%
Waterfowl 8 7.2% 2 1.8% 4 3.5% 8 7.0% 5 4.3% 2 1.7% 3 2.7% 32 4.0%
Beaver 0 0.0% 0 0.0% 1 0.9% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 0.1%
Opossum 0 0.0% 0 0.0% 2 1.8% 1 0.9% 3 2.6% 1 0.9% 1 0.9% 8 1.0%
Raccoon 23 20.7% 14 12.8% 14 12.3% 14 12.3% 18 15.4% 13 11.1% 17 15.3% 113 14.2%
Rodent 24 21.6% 17 15.6% 28 24.6% 18 15.8% 21 17.9% 24 20.5% 28 25.2% 160 20.2%
Squirrel 0 0.0% 0 0.0% 0 0.0% 2 1.8% 0 0.0% 0 0.0% 1 0.9% 3 0.4%
Unknown 3 2.7% 6 5.5% 6 5.3% 10 8.8% 5 4.3% 13 11.1% 7 6.3% 50 6.3%
Total 111 100.0% 109 100.0% 114 100.0% 114 100.0% 117 100.0% 117 100.0% 111 100.0% 793 100.0%
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As shown in Figure 13, avian and wildlife bacteria sources were the dominant bacteria sources at
each of the ribotyping stations. Human source isolates were observed at a low frequency at all
stations except the South Lake station, where no humanisolates were observed. In general, no
significant trends in sources were apparent from upstream to downstream in Thornton Creek.

Human sources of fecal coliform bacteria represented 2.9 percent of the total isolates for this
study, and were present at all seven monitoring stations except the Matthews Beach South
station. Only one human isolate was observed at the Matthews Beach North station.

Table 11 presents the spatial and seasonal/hydrologic distribution of human isolates observed for
this MST study. As shown in Table 11, over 75 percent of the human isolates were observed
during base flow conditions, and no human isolates were observed during winter storm flow
conditions. The lack of human sources observed during winter storm flow suggest that sanitary
or combined sewer overflows were not a major source of fecal coliform bacteria during the
sampled storm events. The low percentage of human isolates observed overall (3 percent of all
isolates) coupled with the elevated proportion of human isolates observed during base flow
conditions (78 percent of all human isolates) suggests that a small number of cross connections
from single residences or small groupings of residences, or leaks from side sewer lines, may be
discharging sewage into the municipal storm drain system. In addition, over 50 percent of the
human isolates were observed at the lower fork stations, suggesting that a majority of these cross
connections discharge to the storm drain system (and the creek) between the upper and lower
fork stations where the highest areal bacteria loadings were observed.

Table 11. Numbers of human E. coli bacteria isolates observed in water and sediment
samples collected for the Thornton Creek and Matthews Beach microbial
source tracking study.

Summer Summer Winter
Base Winter Base Storm Storm Sediment Total

Upper North Fork (TCN64) 1 2 - - — 3
Lower North Fork (TCN33) 2 4 1 - - 7
Upper South Fork (TCS41) - - 2 - - 2
Lower South Fork (TCS40) 5 - 1 - - 6
Main Stem Mouth (TCM46) — 4 - - - 4
North Lake (MBN) — - 1 - - 1
South Lake (MBS) - - — — 1 1

8 10 5 0 1 24

As shown in Table 10, pet sources, which include both canine and feline fecal sources,
represented approximately 11 percent of the total isolates for this study, and were found at all
seven monitoring stations. Canine fecal sources represented 10 percent of the total isolates,
while feline fecal sources represented less than 1 percent of the total isolates.

Avian sources, including waterfowl fecal sources, comprised the largest percentage (44 percent)
of all ribotypes isolated from Thornton Creek and Matthews Beach. Avian sources were the
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predominant sources observed at each of the seven monitoring stations, and generally increased
from upstream to downstream. As noted previously, areal bacteria loadings also increased from
upstream to downstream, suggesting that avian fecal sources are a particularly significant source
of fecal bacteria loading in Thornton Creek. Avian source percentages remained the same from
the Main Stem mouth station to the North Beach station, and decreased from the Main Stem
mouth station to the South Beach station.

Sources specifically identified as waterfowl] (i.e., duck or goose) comprised a relatively small
proportion of all avian isolates obtained from the stream and lake water samples (i.e., waterfowl
comprised 11 and 5 percent of all avian sources from the stream and lake stations, respectively;
see Table 10). The low proportion of waterfowl sources observed in Thornton Creek coupled
with the low bacteria loadings observed at the Upper North Fork station suggest that waterfowl
do not contribute a significant loading of bacteria to Thornton Creek from drainage detention
features such as Ronald Bog and Twin Ponds, which drain to the Upper North Fork station.

Wildlife sources (i.e., beaver, opossum, raccoon, rodent, and squirrel) were frequently observed
at each of the seven monitoring station, representing a combined 36 percent of the total isolates.
Raccoon and rodent fecal sources were relatively abundant at all seven stations, representing
approximately 14 percent and 20 percent of the total isolates, respectively. It is likely that rodent
sources primarily consisted of rats in the Thornton Creek samples based on the relatively high
abundance of rats in urban watersheds compared to other rodent types (e.g., mouse, vole, mole,
muskrat, bat, or beaver). Opossum, beaver, and squirrel fecal sources were rarely observed at the
seven monitoring stations.

Sediment Samples

The ribotyping results from the sediment samples are presented in Table 12. The number and
percentage of isolates are presented for each station and for all stations combined. Overall, the
distribution of bacteria sources in sediment samples was similar to that observed for the isolates
obtained from the water samples. Avian sources of fecal coliform bacteria were the predominant
fecal source at each station, comprising 55 percent of the total isolates. Rodent fecal sources
were also relatively abundant, representing 20 percent of the total isolates. Avian sources were
more abundant and rodent sources were less abundant at the North Lake station compared to the
South Lake and Main Stem Mouth stations. Human and canine fecal sources were rarely
observed in the sediment samples, with only one human isolate obtained from the South Lake
station and one canine isolate obtained from the Main Stem Mouth station. Feline, waterfowl,
beaver, and squirrel fecal sources were not observed in the sediment samples.

Clone Co-Occurrence

Isolates from the same bacterial clone have identical ribotypes (genetic fingerprint) and may
have originated from the same or closely related organism. The occurrence of identical isolates
(clones) was evaluated to assess the similarity of bacteria populations present in water samples
collected from Thornton Creek and Matthews Beach. Table 13 presents a matrix of the
percentage of clones that co-occurred at each station. Approximately 50 percent of the isolates
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observed in water samples collected from the two lake stations were identical to those observed
at the mouth of Thornton Creek. (Co-occurrence between the stream stations was generally
lower). The high similarity of bacteria sources observed in Thornton Creek and Matthews Beach
further suggests that the water of Thornton Creek contributes directly to the fecal coliform
bacteria contamination observed at Matthews Beach.

Table 12. Number and sources of E. coli bacteria isolates obtained from sediment samples
for the Thornton Creek and Matthews Beach microbial source tracking study.

TCM46 MBN MBS
Main Stem Mouth North Lake South Lake Sum of All Stations
Number  Percent of | Number Percent of | Number Percent of | Number Percent of

Fecal Source  of [solates Total of Isolates Total of Isolates Total of Isolates Total
Human 0 0.0% 0 0.0% 1 6.3% 1 2.0%
Canine 1 6.3% 0 0.0% 0 0.0% 1 2.0%
Feline 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Avian 8 50.0% 13 76.5% 6 37.5% 27 55.1%
Waterfowl 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Beaver 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Opossum 0 0.0% 1 5.9% 0 0.0% 1 2.0%
Raccoon 0 0.0% 2 11.8% 0 0.0% 2 4.1%
Rodent 5 31.3% 1 5.9% 4 25.0% 10 20.4%
Squirrel 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Unknown 2 12.5% 0 0.0% 5 31.3% 7 14.3%
Total 16 100.0% 17 100.0% 16 100.0% 49 100.0%

Hydrologic and Seasonal Comparisons

Figures 14 and 15 present percent matching results for water samples for each monitoring station
in pairs of stacked bars. For Figure 14, each pair of bars represents the percentage of sources
observed in samples collected during base flow and storm flow events. For Figure 15, each pair
of bars represents the percentage of sources observed in samples collected during the summer
and winter seasons (i.e., May through October and November through April, respectively). The
number of isolates (n) associated with each bar is included. Generally, percentages of bacteria
sources did not vary substantially with hydrologic condition or season. However, small
differences are apparent from comparisons of these environmental data.

Human source isolates were observed more frequently during base flow compared to storm flow.
As noted above, this observation suggests that human sources originated from cross-connections
discharging sewage into the municipal storm drain system during base flow rather than from
sanitary or combined sewer overflows occurring during storm events. Raccoon source isolates
were also observed more frequently during base flow compared to storm flow, while rodent
source isolates were observed more frequently during storm flow compared to base flow. These
observations may be related to differences in animal behavior where feces are deposited more
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frequently on impervious surfaces by rodents (e.g., rats) than by raccoons, increasing the
occurrence of rodent source isolates in runoff.

Table 13. Percentage of identical clones co-occurring at sample stations for the Thornton
Creek and Matthews Beach microbial source tracking study.

Water Samples Sediment Samples

Upper Lower Upper Lower Main Main
North North South South Stem North  South Stem North  South
Fork Fork Fork Fork Mouth Lake Lake Mouth Lake Lake
(TCN64) (TCN33) (TCS40) (TCS41) (TCM46) (MBN) (MBS) (TCM46) (MBN) (MBS)

Water Samples

Upper North Fork - 36 44 39 45 42 51 38 41 44
(TCN64)

Lower North Fork - - 46 46 55 54 57 63 82 63
(TCN33)

Upper South Fork - - - 38 51 50 52 56 29 44
(TCS40)

Lower South Fork - - - - 48 47 53 19 88 38
(TCS41)

Main Stem Mouth - - - - - 53 52 63 88 63
(TCM46)

North Lake (MBN) - - - - - - 62 56 88 56
South Lake (MBS) - - — — - — — 69 76 50
Sediment Samples

Main Stem Mouth - - - - - - - - 41 19
(TCM46)

North Lake (MBN) - - - - - - - - - 38

South Lake (MBS) - - - - - - - - _ -

Historical Data Comparison

As summarized in the Background Information section, King County conducted a microbial
source tracking study (MST) for Thornton Creek in 2001 (King County 2001). The ribotyping
results for the current study were compared to the results from the King County MST study to
evaluate any long-term temporal changes in bacteria sources in Thornton Creek. Although avian
bacteria sources were the predominant source for both MST studies, the percentage of avian
sources, which includes avian and waterfowl isolates was, for the current MST study, slightly
higher than that observed for the King County MST study (45 percent and 32 percent,
respectively). In addition, the percentage of unknown isolates for the King County MST study
(12 percent) was approximately twice that observed for the current MST study (6 percent). In
general, the remaining bacteria sources were observed at similar frequencies, including human
sources which were observed at low frequencies for both studies (3 percent). However, the
percentage of pet isolates observed for the King County MST study was approximately twice
that observed for the current MST study (23 percent versus 11 percent, respectively). These
results suggest that human bacteria sources are still a relatively small source of fecal coliform
bacteria contamination in Thornton Creek, and also that pet owner education programs regarding
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Monitoring Report—Thornton Creek and Matthews Beach MST Study

the impact of pet waste on water quality may have been successful in reducing pet waste inputs
to Thornton Creek.

The percentage of pet bacteria sources observed in Thornton Creek for this MST study (11
percent) is generally lower than that observed in other urban streams in western Washington. A
MST study conducted by Herrera (1999) for the City of Blaine, Washington, found that the
percentage of pet bacteria sources in two urban drainages, Cain Creek and Portal Creek, were
21 and 27 percent, respectively. Pet bacteria sources comprised 15 percent of the bacteria
sources observed in upper Des Moines Creek, which is located in King County adjacent to
Seattle-Tacoma International Airport (Herrera 2001). In Hamm Creek, which drains an urban
area in King County, pets comprised 21 percent of the total bacteria sources (Herrera 2006a). A
study on an urban stream in Renton, Washington, found that pets comprised 20 percent of the
total bacteria sources (Herrera 2006b).

The low percentage of human bacteria sources observed in Thornton Creek for this MST study
(3 percent) is similar to that observed in other urban streams in western Washington. Human
sources comprised less than 5 percent of all bacteria sources observed in those MST studies of
streams draining sewered areas in the City of Blaine (Herrera 1999), King County (Herrera 2001,
2006a), and the City of Renton (Herrera 2006b).

Optical Brighteners

Results for the optical brightener monitoring are presented in Table 14, including precipitation
totals during the exposure period, sample pad exposure duration, and spectral analysis data.
Optical brightener pads were deployed on February 1, April 19, and June 29, 2005, with
exposure periods of two, 10, and 12 days, respectively. All filter pads retrieved from the

12 optical brightener monitoring stations were negative for optical brighteners using the
ultraviolet light test. All three sample pads tested for optical brighteners using the spectral
analysis method were negative.

The optical brightener monitoring results indicate that domestic wastewater was not present in
sufficient quantities to be detected by this technique. A review of matching data indicates that
human fecal isolates were present in Thornton Creek during each of the three optical brightener
monitoring periods. Human fecal isolates were present in low numbers at each of the five
combined optical brightener/ribotyping monitoring stations during at least one of the three
optical brightener monitoring periods. These results suggest that optical brightener monitoring is
not useful for detecting small amounts of municipal sewage in urban streams draining sewered
basins. Based on these findings, optical brightener monitoring was discontinued following the
third monitoring event and sample pads were not deployed for the remaining three planned
monitoring events for use in moderate to large stream systems located in watersheds with
municipal sewage conveyance systems.
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Table 14. Optical brightener monitoring results for the Thornton Creek and Matthews
Beach microbial source tracking study.

Precipitation Amount

Deployment Exposure During Exposure Ultraviolet Spectral
Station Date Duration (days) (in)* light test Analysisb
TCM46 2/1/2005 2 0.00 negative -
TCN33 2/1/2005 2 0.00 negative -
TCS41 2/1/2005 2 0.00 negative -
KC1 2/1/2005 2 0.00 negative -
WCl1 2/1/2005 2 0.00 negative -
TCN64 2/1/2005 2 0.00 negative —
VCl1 2/1/2005 2 0.00 negative -
vC2 2/1/2005 2 0.00 negative -
TCS03 2/1/2005 2 0.00 negative -
TCS40 2/1/2005 2 0.00 negative ND
TCS02 2/1/2005 2 0.00 negative -
TCS01 2/1/2005 2 0.00 negative —
TCM46 4/19/2005 10 0.23 negative —
TCN33 4/19/2005 10 0.23 negative -
TCS41 4/19/2005 10 0.23 negative -
KC1 4/19/2005 10 0.23 negative -
WCl1 4/19/2005 10 0.23 negative ND
TCN64 4/19/2005 10 0.23 negative —
VCl1 4/19/2005 10 0.23 negative -
vC2 4/19/2005 10 0.23 negative -
TCS03 4/19/2005 10 0.23 negative -
TCS40 4/19/2005 10 0.23 negative -
TCS02 4/19/2005 10 0.23 negative -
TCS01 4/19/2005 10 0.23 negative -
TCM46 6/29/2005 12 0.68 negative -
TCN33 6/29/2005 12 0.68 negative -
TCS41 6/29/2005 12 0.68 negative ND
KC1 6/29/2005 12 0.68 negative -
WCl1 6/29/2005 12 0.68 negative —
TCN64 6/29/2005 12 0.68 negative -
VCl1 6/29/2005 12 0.68 negative -
vC2 6/29/2005 12 0.68 negative -
TCSO03 6/29/2005 12 0.68 negative -
TCS40 6/29/2005 12 0.68 negative -
TCS02 6/29/2005 12 0.68 negative -
TCSO01 6/29/2005 12 0.68 negative -

* Measured at Matthews Beach/Magnuson Park rain gauge (RG02) (Seattle 2006b).
®  Analyzed by Ozark Underground Laboratory, Protem, Missouri.
ND — Not detected.
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Conclusions and Recommendations

Bacteria Concentrations and Loadings

A total of 252 fecal coliform bacteria enumeration analyses were performed on water samples
collected from five monitoring stations on Thornton Creek and two monitoring stations at
Matthews Beach. These samples were collected over a one-year period during six base flow
events and six storm flow events. In addition, continuous stream discharge data were collected
at the five stream stations for the calculation of bacteria loadings. Conclusions reached from
these components of this MST study include the following:

= The Washington State water quality standard for fecal coliform bacteria
was exceeded at all stream and lake stations during storm flow and base
flow with two exceptions: summer base flow at the South Lake station and
winter base flow at the Upper South Fork station.

. Fecal coliform bacteria concentrations were significantly higher during
storm flow than base flow at all stations except the North Lake station.

. Fecal coliform bacteria concentrations were higher during summer than
winter at all stations, although the difference was not statistically
significant.

= Fecal coliform bacteria concentrations significantly increased downstream

in Thornton Creek.

= Fecal coliform bacteria concentrations in sediment samples were higher at
the Main Stem mouth station compared to both lake stations, and sediment
bacteria concentrations were positively related to organic matter content.

= Fecal coliform bacteria loading rates were substantially higher during
storm flow compared to base flow at all stations except at the Upper North
Fork station.

. Stormwater runoff is a significant source of fecal coliform bacteria
contamination in Thornton Creek and at Matthews Beach.

. The highest areal bacteria loading rates were observed in subbasins
located between both upper and lower North Fork and South Fork stations.

. Thornton Creek is a major source of fecal coliform bacteria to Matthews
Beach, and the distance from the mouth of the creek is an important factor
affecting bacteria concentrations in the lake.
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Ribotyping

The ribotyping analysis successfully matched 94 percent of the 791 E. coli isolates obtained from
the water sample bacteria analyses, and 71 percent of the 49 E. coli isolates obtained from the
sediment samples. Conclusions reached from the ribotyping analysis performed for this study
include:

. Human sources represented approximately 3 percent of the total isolates
collected, and were recovered from all stations except for the South Lake
station.

. Avian sources were the most abundant bacteria source (45 percent), with

wildlife sources also observed at a high frequency (36 percent).

= Pet sources (primarily dogs) represented approximately 11 percent of the
total isolates recovered, which is low compared to that previously
observed in Thornton Creek and other urban streams in western
Washington.

= Fecal bacteria sources identified in Thornton Creek were similar to those
observed by King County in 2001, with the exception that the proportion
of pet sources decreased from 23 percent to 11 percent in the current
study.

= The proportion of bacteria sources generally did not vary substantially in
relation to spatial, hydrologic, or seasonal variables except that human and
rodent bacteria sources were observed more frequently during base flow
than storm flow, and raccoon bacteria sources were observed more
frequently during storm flow than base flow.

. Fecal bacteria sources identified in the sediment samples were similar to
those observed in the water samples, with approximately 80 percent of the
isolates represented by avian and wildlife sources.

. Greater than 50 percent of the isolates observed in the lake water samples
were genetically identical to those observed in the creek water samples,
providing further evidence that Thornton Creek is a major source of fecal
coliform bacteria to Matthews Beach.

Optical Brighteners

Optical brightener monitoring was conducted at 12 stream monitoring stations during three base
flow monitoring periods. Optical brighteners were not detected in any of the samples, whereas
ribotyping identified the presence of human bacteria sources in water samples collected
concurrent with the optical brightener sample collection. These results suggest that the optical
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brightener method is not sensitive enough to detect the presence of domestic wastewater (i.e.,
human fecal sources) in the Thornton Creek watershed.

Recommendations

Based on the results and conclusions of this study, the following actions are recommended for
reducing fecal coliform bacteria concentrations and the threat to public health associated with
these bacteria and their sources observed in Thornton Creek and at Matthews Beach:

. Continue implementation of pet owner education programs to further
reduce pet waste inputs as a source of fecal coliform bacteria
contamination in Thornton Creek and at Matthews Beach.

= Evaluate urban wildlife management alternatives for reducing fecal
coliform bacteria concentrations in stormwater runoff.

= Continue to evaluate off-channel stormwater treatment facilities and the
addition of enhanced treatment to existing facilities to reduce fecal
coliform bacteria concentrations during storm flow events.

. Continue watershed activities, including riparian and in-stream restoration
programs in Thornton Creek, to reduce the delivery of sediment and
associated pollutants (including bacteria).

u Continue to evaluate national/international innovative actions to reduce
fecal coliform bacteria in stormwater runoff and surface waters.

= Evaluate the human health risk of the multiple fecal sources identified in
this study. This could include analysis of water samples collected from
Thornton Creek and Matthews Beach for the presence of specific human
pathogens (i.e., bacteria, protozoa, and viruses), and could also include
screening of the samples for fish pathogens.

= Investigate the appropriateness and applicability of bacteria water quality
standards for storm flow conditions in terms of the risk to human health
and with consideration of background bacteria concentrations in
undeveloped watersheds.

= Evaluate notification procedures for the Matthews Beach Park swimming
area to include consideration of an immediate closure during storm flow
(rain events) in concert with daily collection and analysis of fecal coliform
bacteria samples to determine when to safely re-open the swimming area.

. Post signs at the swimming beach area describing the potential risks to
human health of water contact during wet weather conditions.
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HERO071-02
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PAGE 1

DATE RECEIVED:

02/01/05

CASE NARRATIVE

Twenty one water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of custody.
No difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data is contained on

subsequent pages.

SAMPLE DATA
FECAL COLIFORM
SAMPLE ID (#/100ml)

TCN64-020105-1 54
TCN64-020105-2 54
TON64-020105-3 58
TCS40-020105-1 40
TCS40-020105-2 est 20
TCS10-020105-3 est 10
1CS41-020105-1 112
TCS41-020105-2 134
TCS41-020105-3 112
TONZ-020105-1 120
TON23-020105-2 100
TCN23-020105-3 74
TCM46-020105-1 134
TCMA6-020105-2 est 240
TCMA6-020105-3 138
MBS-020105-1 est 8
MBS-020105-2 est 16
MBS-020105-3 est 22
MBN-020105-1 est 28
MBN-020105-2 est 26

MBN-020105-3

est 20

/2, I'\.L

25 el

Met



-

&L

AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES

3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715

FAX: (206) 632-2417

HER0205.xIsHER07102

CASE FILE NUMBER:
REPORT DATE:
DATE SAMPLED:

HERO071-02

DATE RECEIVED: 02/01/05
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA

QC PARAMETER|

FECAL COLIFORM
(#/100ml)

METHOD
JATE ANALYZET
JETECTION LIMI

SM189222D

02/01/05
2

DUPLICATE

SAMPLE ID
ORIGINAL
DUPLICATE
RPD

MBN-020105-3
est 20
est 18

NC

SPIKE SAMPLE

SAMPLE ID
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

NA

QC CHECK

FOUND
TRUE
% RECOVERY

BLANK

<2

RPD = RELATIVE PERCENT DIFFERENCE

NA = NOT APPLICABLE OR NOT AVAILABLE.
NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.

OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.
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A
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DATE SAMPLED: 03/19/05 DATE RECEIVED: 03/20/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Fourteen water samples were received by tie laboratory in good condition. The samples were analyzed according to the chain of

custody. No difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data
is contained on subsequent pages.

SAMPLE DATA

FECAL COLIFORM
SAMPLE ID (#/100ml) Jhec
TONGA-031905-1 120 g~ (( J ‘
TONB4-031905-2 est 350 ‘% - ‘99
1400119051 est 600 f(»’
TCS40-031905-2 est 650
TONI3-31905-1 3800
FON3I-31905-2 2300
1C$41-031905-1 2400
TCS41-031905-2 2650
TCM46-031905-1 1350
TCM46-031905-2 2600
MBS-031905-1 150
MBS-031905-2 est 600
ABN-031905-1 est 250
MBN-031905-2 est 300
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FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA
QC PARAMETER

METHOD
DATE ANALYZED
DETECTION LIMIT

DUPLICATE

SAMPLE ID
ORIGINAL
DUPLICATE
RPD

SPIKE SAMPLE

SAMPLE 1D
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

FECAL COLIFORM
(#/100m1)

SM 18 9222D
03/20/05
2

MBN-031905-2
est 300
est 250

NC

NA

QC CHECK

FOUND
TRUE
% RECOVERY

BLANK

<2

RPD = RELATIVE PERCENT DIFFERENCE.
NA = NOT APPLICABLE OR NOT AVAILABLE.

NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.
OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.
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P B PR T

Y L W~ / . o
o A ),/
Steven Lazoff

Laboratory Director
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CASE FILE NUMBER: HER071-11 PAGE 1
REPORT DATE: 3/31/05 REVISED 04/01/05
DATE SAMPLED: 03/27/05 DATE RECEIVED: 03/27/05

FINAL REPORT. LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Seven water samples were received by the faboratory in good condition. The samples were analyzed according to the chain of
custody. No difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data
is contained on subsequent pages.

SAMPLE DATA

FECAL COLIFORM Lo MG C
SAMPLE ID (#/100ml) S

TCNGS-032605 1 est 800 =
TCS40-032605-1 210 1 ! 5 ) 9
TONII-032605 1 est 1600
TCS41.032605-1 est 300

N es 02005 1 est 2000
AIBS-032605-1 est 8
BN 032605 1 est 38
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FAX: (206) 632-2417

HERO205HERO7111

CASE FILE NUMBER:
REPORT DATE:
DATE SAMPLED:

HERO071-11

3/31/05 REVISED 04/01/05
DATE RECEIVED: 03/27/05
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA

QC PARAMETER

FECAL COLIFORM
(#/100ml)

METHOD
JATE ANALYZE
'ETECTION LIM]

SM18 9222D
03/27/05
2

DUPLICATE

SAMPLE 1D
ORIGINAL
DUPLICATE
RPD

MBN-032605- 1
est 38
est 32

NC

SPIKE SAMPLE

SAMPLE 1D
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

NA

QC CHECK

FOUND
TRUE
% RECOVERY

BLANK

<2

RPD = RELATIVE PERCENT DIFFERENCE.
NA = NOT APPLICABLE OR NOT AVAILABLE.
NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.

OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

SUBMITTED BY

Stsveh Lazdrt &

~ //E,r Py
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Laboratory Director



x

CHingnaopy

\ [ \!\ \\. y Wh/. )

ANLL/ALY] FANLYNDIS CODANYN) Ad AIAIZITY TUNLYNDIS | COVAWYN) A GTHSINONITIN
&m N\M P \\ \ \; 7z (vﬁ Lynmmm oep ) V».U..w.,\ ” :/MJ\ J\i = \ \\xfn
1atva e Sy Nols | :b\m_z#\z A8 QIAIITY T anfandIs|  COUBNYN) A GIHSINONITZY
oEPrr 5 TRy \W\\x K 1\/5( YNWN,»EJ A ‘ A \/ 2T ] >R 0
,Wuv.\rdw,.\wmm I vf) = A 1772y AL T B N L
TN e T8 R\R\\ A | =SR-S U
%Sﬁ 7R S< [=S77ec0-54l
/ ww% [ =327 o0 74 WDL
ﬂ«ﬂ\ 4 »flwwxwm‘ ARQ\. \\\\. Mn L/
Y4 J—2P9CE0- SEN DL
#3577 [=S09cie0-vAS 2
4 b
=) v 1 - <M -
I e R N N e e A v
Y | S¥INIVL NOLLAINOSAA 3TdWYST 2/ | ot | st Q1 TTANVS
R 2| "NOD JO #
e 77
= w\ﬁ £ ASN UV
7 ) A!) Z swanNivl RIS ava| g2 PNoN 7y N4
= v (5| -NOD 40 #1VL0L | NOLLFTdWOO 3153103y ! & >m8<4om5
~F sTm,m\ \,,\.ﬁdi V\I\P,\,Af\\i\ﬁ &Ol
w Oy ‘OHLIW A¥IAITEA “— C AY ATTINYS
WW I .1 )\rJ/ = JK
LMol ‘0L AdOD 0L LAOdTY
¥ ~ Y L. Tl WL (17
. RIS ST TRV YO F T ]
Qd1SEN0TY SASATYNY % TINEITO 2YFGWNN LOFFOUd AWVYN LOAMOU
U sINvImsNOD
IR @AODHI AdOLSNI A0 NIVHD 8016-15 (900) X v A
, , 0806- T+ (90 5

17186 UO0IBUIYSTAY “O[Ed
Q011 23NS MUY XIS 00T

W10zl






HERO0205SHERO7113

= AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
é 3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 6322715  FAX: (206) 632-2417

CASE FILE NUMBER: HER071-13 PAGE 1
REPORT DATE: 04/19/05
DATE SAMPLED: 04/01/05 DATE RECEIVED: 04/01/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Fourteen water samples were received by the iaboratory in good condition. The samples were analyzed according to the chain of
custody. No difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data
is contained on subsequent pages.

SAMPLE DATA

FECAL COLIFORM
SAMPLE ID (#/100ml)
TONG 0401051 est 100 |
TCNG-040105-2 est 60
TCS40-040105-1 est 500 2n {-Er u{ f\«k v
TCS40-0401052 est 170
TCS41-040105-1 est 600 }’ Q—QC)
TCS41.040105-2 est 400
/'r(x\'}]-zx%s-l‘\ est 600
1‘(‘,\:13-31905-2// est 700
TCMA6-040105-1 est 500
TCM46-040105-2 est 700
MBS-040105-1 est 320
MBS-040105-2 740
MBN-040105-1 est 400
ABN 0401052 est 280 |
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AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715

FAX: (206) 632-2417

HERO0205HERO7113

CASE FILE NUMBER:
REPORT DATE:
DATE SAMPLED:

HERO071-13

DATE RECEIVED: 04/01/05
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA
QC PARAMETER

METHOD
DATE ANALYZED
DETECTION LIMIT

DUPLICATE
SAMPLE ID
ORIGINAL
DUPLICATE

RPD

SPIKE SAMPLE

FPFOAL COLIFORA
(#/100mI)

SM18 9222D
04/01/05
2

MBN 040105-2
est 280
400
NC

SAMPLE [D
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

NA

QC CHECK

FOUND
TRUE
% RECOVERY

BLANK

<2

RPD = RELATIVE PERCENT DIFFERENCE.
NA = NOT APPLICABLE OR NOT AVAILABLE.

NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.
OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION,

SUBMITTED BY:

s e
P

A o
Stéven Lazoff

Laboratory Director
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Revision Date: 01/11/96
Revision Number: 1.2

3927 Aurora Ave. N. ™ seattle, WA 98103 ™ (206) 632-2715

kMI CROBIOL WORKSHEET

PAGE / or [/
CLLENT/ PROD BT : ////5/&??/(/4 [@‘/mg éé/zL) CFN: __Hteor /) /%
DATE RUCELVED: 4/ S ) S ANALYST: _s@ [ oy
ﬂéahy' 4
PARAMIEVER . Sfrpte co /. 1ate— METHOD: A+
MED LA : ArfC . INCUBATION : TEMP IN: __ #4.4 _TEMP OUT: yy, ¢ .
Media LOT | : W;H;f;-/__
NOTES : e )
SAMPILE DATA I ‘ ‘
| g I { COLONY COUNTS | RESULT|
| | COLLECTION | LABORATORY |DILUTION/VOLUME FILTERED [c/100m1|
|SAMPLE LD | DATE | TiMu | REC'D | FILT |- } { | |
| | o./ /8 o 2.5 __"—ﬁ SO /00
/50 A ! ! | — - - o
v | ] | — s ‘ — -
Wz 64 -/ 4 /g5~ OO Yl il [ o€l — | = | oo
A 1 R A | ] 1040 _1Z® L0 < { o — 1~ 1 = et KO
} se -/ l L < S [ &on — L T = lese SBO
N sz | L O o sl — - - vo
5 LIs Ll | | \ A | ConE — L T lwst OO
bl szsy 2 l k| H Lot _ | - < Lot 400
[ 22 £ 1 L2 6 1ot — [— ~ lasr 60
2 wwss. 2 | ; Q FE coriCf — |- = last FOO
U gz e [ L2 S 1lorveg — | —~ ~lest SBO
t_rrso- 2. | L O t icond d — T T 0
W MBS I L S s / L6 [T o 320
Upss-2 ! — - 11— A ATV 3D
AW Lakdl e ! | Sl 2. (<o oM wrt 400
S| oty T | | L — — | 2. N TN ek 250
0] 4~ 2 pop 3 i ¥ [ — 2. 120 TNl 400
e / | | | |
- r ! L l
! ! | !
o 1 ! | |

S UATCUEATIONS
ACCKITABLIC LIMIES: TOTAL COLIFORM (20-80 COLONIES) FLGAL COLIFORM (20-60 COLONILES)

By Colony counts withan s,

21 A counts below limits, use either most acceplable count or assume | colony for the largest filtration volume, report us either
ENVINCATED or LSS TTHAN (). .

YAl counts above himits, use upper it count (00 or $0) and the smallest sample volume tiltered and report as GREATER THAN
() N :

COLONIES COUNTED
COLONIES 7 100 1t = cmmemm e eem e - X 100
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3 AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
é 3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 6322715  FAX: (206) 6322417

CASE FILE NUMBER: HERO071-16 PAGE 1
REPORT DATE: 05/17/05
DATE SAMPLED: 04/16/05 DATE RECEIVED: 04/16/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Seven water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of
custody. No difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data
is contained on subsequent pages.

SAMPLE DATA

FECAL COLIFORM .

SAMPLE ID (#/100ml) , -\J(( e

TONG4-041605-1 est 1500 o 265

TCS40-041605-1 est 1000 to

TCS41-041605-1 est 6000

TONII041605-1 est 9500

TCM46.041605-1 14000

AMBS-041605-1 > 140

ABN-041605-1 500




AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715

FAX: (206) 632-2417

HERO205HERO7116

CASE FILE NUMBER:
REPORT DATE:
DATE SAMPLED:

HER071-16

DATE RECEIVED: 04/16/05
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA
QC PARAMETER

METHOD
DATE ANALYZED
DETECTION LIMIT

DUPLICATE

SAMPLE ID
ORIGINAL
DUPLICATE
RPD

SPIKE SAMPLE

SAMPLE D
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

QC CHECK
FOUND
TRUE

% RECOVERY

BLANK

FECAL COLIFORM
(#/100ml)

SM 18 9222D
04/16/05
2

MBN-041605- 1
500
480

4.08%

NA

<2

RPD = RELATIVE PERCENT DIFFERENCE.
NA = NOT APPLICABLE OR NOT AVAILABLE.

NC = NOT CALCULABLE DUE TO ONE OR MORFE. VALUES BEING BELOW THE DETECTION LIMIT.
OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

SUBMITTED BY:

7 j”':;f //
Sw(/en Lazolf

Laboratory Director
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AQUATIC RESEARCH INCORPORATED SOP NU’MBER: 7-2 PAGE 7 of 29
'~ Revision Date: 01/11/96
Revision Number: 1.2

3927 Aurora Ave. N. ™ geattle, WA 98103 M (206) 632-2718

MICROBIOL WORKSHEET

PAGE / or /
CLUENT/PROVECT:  HERERE é/é/n?‘//?’/g(/v/z;&/ MS‘/) FN: _ MEZOF) L -
DAV RECELVIELD: ‘/ / ‘e | oS ANALYST: S /j'
PARAMLER:  Zewe cof oo MEtHOD: /Y

MEDLA: g /°C INCUBATION-: TEMP IN:__#%’S” TEMP OUT: Yol &
Media LOU f: =.7*(F //‘/

noviss B lae ,Q;Jeol owd o€ mest _colonies —
SAMPLE DATA I T {
| l , { COLONY COUNTS | RESULT|
| | COLLECTION | LABORATORY |DILUTION/VOLUME FILTERED |C/100ml |
|SAMPLE (D | DAVE | TiME | REC'D | FILT | | | ’ 1 1
L ! 0. Z | Z S 00
/?Aﬁ%ﬂﬁ» l 1 R B N N < |
N S — ‘ : — 1
W 7zas- 6o =/ LI,/[L‘? L9800 | 4/i L4 /lb S Q T T — | &S00
2 gzswo-l L leoo L 2 1 QO H— |— ——bglioc0
3 sesyr- | L] 2 1 & — 1T T ke 000
N persr 338/ 1 ! 9 1O — 1 [ o= G500
S\ 724 e/ ! ( 2y O — == | /{000
6| p585-/ l b —_— @Y FoOr—— > /M0
H_Azs350= 1 | 1 — | = Z5 JN—| 520
8| Asint=t 2y L | —  —— 8 2Y gNA—]| 780
| | | l
! l [ |
1 | | I
| ! I L
| | ! !
| l t |
' [ ! | !
! [ | !
R | ! | |
_ { 1 | ]
! | L 1

CATCULATTONS
ACCEPTABLE LIMITS: TOTAL COLIFORM (20-80 COLONIES) FE€AL COLIFORM (20-60 COLONIES)

I Colony counts withu lunits,

23 A counts below lionts, use etther most acceplable count or assume 1 colony 101 the largest hltxauon volume, report as either
ESPIMATED or LUSS FHAN (<), 4

N Al counts above limits, use upper linit count (60 or 80) and the smallest sample volume tillered and report as GREATER THAN

()

COLONILS COUNTED
COLONIES 7100 il = svmemmenmmmsnnnc s naen -- X 100
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F— AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715  FAX: (206) 632-2417

CASE FILE NUMBER: HER071-20 PAGE 1
REPORT DATE: 05/17/05
DATE SAMPLED: 04/19/05 DATE RECEIVED: 04/19/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Twenty one water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of
custody. No difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data
is contained on subsequent pages.

SAMPLE DATA

FECAL COLIFORM
SAMPLE ID (#/100ml) \ JACE

TCM46-041905-1 est 60 /{A,br b
TCMA6:041905-2 est 50 2 05
TCMA6.0419053 est 130 /‘l' -
MBS 041905-1 est 14

MBS-041905-2 est 20

MBS 0419053 est 28

MBN-041905-1 44

MBN-041905-2 est 26

MBN-041905-3 92

TCS41 0419051 est 50

TCS41-041905-2 est 90

TCS41.041905-3 est 60

PCNII-041905-1 est 180

FCN3I041905-2 est 110

TCN33-041905-2 est 70

TCNGA-041905-1 est 30

TCNG4-041905-2 est 40

TCNGA 0419053 est 30

TCS40-041905-1 est 190

FCS540-041905-2 est 110

TCS40-041905-3 est 190
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AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715

FAX: (206) 632-2417

HERO0205HER07120

CASE FILE NUMBER:
REPORT DATE:
DATE SAMPLED:

HER071-20

DATE RECEIVED: 04/19/05
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA

QC PARAMETE

FECAL COLIFORM
(#/100ml)

METHOD
YATE ANALYZEI
'ETECTION LIMI

SM18 9222D
04/19/05
2

DUPLICATE

SAMPLE 1D
ORIGINAL
DUPLICATE
RPD

TCS40-041905-3
est 190
est 150

NC

SPIKE SAMPLE

SAMPLE ID
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

NA

QC CHECK

FOUND
TRUE
% RECOVERY

BLANK

<2

RPD = RELATIVE PERCENT DIFFERENCE.
NA = NOT APPLICABLE OR NOT AVAILARBLE.
NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.

OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

SUBMITTED BY:

- '/% P

e

sieven Lazoft

Laboratory Director
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AQUATIC RESEARCH INCORPORATED SOP NUMBER: 7-2 PAGE 7 of 29
' Revision Date: 01/11/96
Revigion Number: 1.2

3927 Aurora Ave. N. ™ geattle, WA 98103 ™ (206) 632-2715

MICROBIOL WORKSHEET

PAGE | oF |
CLUENT/PROJUCT . JltrEErss / W/A(A/VZW) ' CFN: Midp?) 70
DATE RECELVED: &/ /9 [ 25 ANALYST: _sS
PARAMICVER . Fhipre fols Eogem MEVHOD : _ /Mémt AEmife e 7724077t

MBEDLA: 7 /7 et v

Media LOU H: gzw/754

INCUBATION : TEMP IN:__Q/%_&_"__TEMP OUT:_-i‘f:.f{..,,_m:T“w

NOTLES : B
SAMPLE DATA f T i
- ‘ f § COLONY COUNTS | RESULT|
| | COLLECTION |  LABORATORY |DILUTION/VOLUME FILTERED jc/1o0ml |
SAMPLE LD | DATE | TIME | REC'D | FILT | ' | !
i | | | | | ' Lol s W s I.‘|S‘0[ /&0'
e T | S B | l = \—6 Z | ~
Nl S ‘///‘ZW T Y/l ‘///’/ e { {2 | 0t e
H sy L | ms s Oy 2z | 5 || = | ot SO
3\ el 3 | L O 4 e | — o 150
W _AHSS -/ | | - | — | 4 (3 ot 14
S| M8 2 L | E— ol e 1O e at 70
o f1850 3 | | — 1 1 O 4 ot 128
H pigi/-7 | | o - 1~ 1 O 2t i
8| M- 2, 1 i — — |~ 1 O i3 ot Zb |-
W Lt | Jepp | _— = 3 | LHG - | 9z
e\ 7L 5L ! ) \ - N a6t 50
AN ETIA [ ) O 1 9 N P st 8 90
1 _sit)- 3 ! I O [ Lle  — | — et LD
pl 7en'33: | 1 O - L (D [ ot (B0
"\ Tl 35 T ! e | L] T at 140
ﬁ ]&QB3‘3 ’ | { Cb =3 | 7’ ! — jo— st 30
16\ Ten ol =/ 1 L O O - S R e 3D |
H XAl T 1 L O O ’7/ L= 1 et 40
1\ zaipotss 3. \ | Yy 10 O L3 R | ot 20
N TLSHD - ( \ ! k3o 1 O 4 Wavi e | et 140
n\ zsie: 2 ) o Z 1 = — e 10
o | rese 3 \ 0 G /1 — — | et 190
“UES AR L < o 1 (v [ == {0l

ACCEPTABLE LIMITS: TOTAL COLIFORM (20-80 COLONIES) FECAL COLIFORM (20-60 COLONILS)

1 Colony counts with tinndts,
23 Al counts below limits, use either most acceptable count or assume 1 colony for the largest tiltration volume, report as either

ESTIMATED or LESS T LAN (%),
b Al counts above Timits, use upper limit count (00 or 80) and the smallest sumple volume tiltered and report as GREATER THAN
() ,

COLONIES COUNTED
COLONIES 7 100 1 = creemmmemmemmme e - X 10V
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—] AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
é 3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715  FAX: (206) 632-2417

CASE FILE NUMBER: HERO071-22 PAGE 1
REPORT DATE: 06/09/05
DATE SAMPLED: 05/18/05 DATE RECEIVED: 05/18/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Twenty one water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of
custody. No difficulties were encountered in the preparation or analysis of these samples. Samnple data follows, while QA/QC data
is contained on subsequent pages.

SAMPLE DATA

FECAL COLIFORM
SAMPLE ID (#/100ml)
TONE4-051805-1 est 1300
TONG4-051805-2 est 1000
TENG4-051805-3 est 600
TC§40-051805-1 4400
TCS40-051805-2 3300
TCS40-051805-3 3300
TON33-051805-1 2500
TEN3I-051805-2 4300
TCN33-051805-3 2500
TCS41-051805-1 > 11800 < L) A /ﬂ ©
TCS41-051805-2 3700 . gOC]
TCS41-051805-3 > 6700 Y ? |
TCM46-051805-1 4700
TCM46-051805-2 4500
TCM46-051805-3 5700
MBS-051805-1 720.
MBS-051805-2 > 1600
MBS-051805-3 > 1520
MBN-051805-1 est 240
MBN-051805-2 > 1540
MBN-051805-3 > 2480




F— AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
é 3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 6322715  FAX: (206) 632-2417

HERO020SHER07122

SAMPLES FROM HERRERA ENVIRONMENTAL

CASE FILE NUMBER: HERO071-22 PAGE 2
REPORT DATE: 06/09/05
DATE SAMPLED: 05/18/05 DATE RECEIVED: 05/18/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER

QA/QC DATA
QC PARAMETER FECAL COLIFORM
(#/100ml)
METHOD SM18 9222D
JATE ANALYZE 05/18/05
'ETECTION LIMI 2
DUPLICATE
SAMPLE ID MBN-051805-3
ORIGINAL > 2480
DUPLICATE >2320
RPD NC
SPIKE SAMPLE
SAMPLE ID
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY NA
QC CHECK
FOUND
TRUE
% RECOVERY
BLANK <2

RPD = RELATIVE PERCENT DIFFERENCE.

NA = NOT APPLICABLE OR NOT AVAILABLE.

NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.

OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

SUBMITTED BY: .
T L d
Steven Lazoﬂz /
Laboratory Director
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Revision Date: 01/11/96
Revigsion Number: 1.2

3927 Aurora Ave. N. ™ geattle, WA 98103 ™ (206) 632-2715

MICROBIOL WORKSHEET

PAGE | OF {

CLTENT/PROJECT: fliid Erep? cFN: M OF/) 22

DATE RECELVED: S/ 28! o5 ANALYST: _SXJ -

DARAMEVER:  Aldpa,  (ofv g METHOD ; _M

MEDIA: 27 Ao INCUBATTION : TEMP IN; 757 tevie our: 4¥47% .

Media LOL |l: h

Noes e o oo o ‘/Zj:/"} 6/

FEANMEL DAYTA | | |

- - , { COLONY  COUNTS | REsULYL|

| | COLLECTION |  LABORATORY |DILUTION/VOLUME FILTERED |C/300m1 |

|..,AML‘L.L LD | DATE | TIME | REC'D | FILT { { ! — | (

\ \o./ | / s L B8 | a0
/S0 el : N Y T - - O | £

W eawer - L /48 wao, ¥ /3 LO I3 A —~ | = et 1500
N2 T N T — = 25t (20O
i v -3 L1 Lo |6 ' —~ | — océ GO0
N 72540+ | L L b |44 — | = %

¢ | -Z L | I 3 3% S B 2300
¢ v -3 ! L O3S — 1 3200

N 7esv33 - | l trlp 125 | — | | 2=s00

S l L 73 e BN 2 VY,

7 v -3 | L 2 |15 | 7ir< - 1 2500
M gesdd L | LD s | — >/ R0D

,, | -z 1 L+ 1 27F N T60
2N | L7 17 — 2 (OO
| Tertdler L 1 LS 4% [ YOO |,
& [ L3 |4s - Jsp0 |
“_ 4 -3 L1 Lo |5 | 5700
“ s -y L = = 3 LN 120

” | -2 | == | = | SN2, > (600
Mo % -3 1 =] - Flo 1z 7 /525
i W/ 7NEX , ! L= |- L2 L rMIT o3¢ 24)
RE -z . — | - 3\t 2 /SY0
2 -3 | S (24| pur > 24480
) }“( AV LRGN /\;?1&;5 t ¥ b — /" - 4% ﬁf”t 22320

ACCEMTABLE LINTTS: TOTAL COLIFORM (20-80 COLONIES) FECAL COLIFORM (20-60 COLONILES)

By Colony counts within limits.

2 A counts below Hinits, use either most aceeptable count or assume 1 colony l'or the largest tiltration volume, report as either
ESTINMATED or LESS THAN (<).

3 Al comus above linits, use upper limit count (60 or 80) and mc smallest sample volume tiltered and repart a8 GREATEHR THAN
()

COLONILS COUNTED
COLONIES 7100 il = oo ~ X 100
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— AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103

PHONE: (206) 632-2715

FAX: (206) 632-2417

HERO205HER07127

CASE FILE NUMBER:
REPORT DATE:
DATE SAMPLED:

HERO071-27
07/21/05
06/29/05

PAGE 1

DATE RECEIVED:

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

06/29/05

CASE NARRATIVE

Twenty one water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of
custody. No difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data is

contained on subsequent pages.

SAMPLE DATA
FECAL COLIFORM
SAMPLE ID (#/100ml)
TCN64-062905-1 58
TCNG4-062905-2 90
TONG4-062905-3 110
TC$40-062905-1 84
TC840-062905-2 86
TC540-062905-3 102
TCN33-062905-1 268
TCN33-062905-2 236
TCN33-062905-3 264
TCS41-062905-1 206
TCS41-062905-2 168
TC$41-062905-3 264
TCME4-062905-1 280
TCMA6-062905-2 1040
TCM64-062905-3 1140
MBS-062905-1 42
MBS-062905-2 50
MBS-062905-3 66
MBN-062905-1 380
MBN-062005-2 460
MIN-062905-3 660

pulied e

g\

6
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AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715

FAX: (206) 632-2417

HERO205HERO07127

REPORT DATE:

CASE FILE NUMBER:

DATE SAMPLED:

HERO071-27

DATE RECEIVED: 06/29/05
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA

QC PARAMETER

FECAL COLIFORM
(#/100mi)

METHOD
DATE ANALYZED
DETECTION LIMIT

SM18 9222D
06/29/05
2

DUPLICATE

SAMPLE ID
ORIGINAL
DUPLICATE
RPD

MBN-062905-3
660
520

23.73%

SPIKE SAMPLE

SAMPLE ID
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

NA

QC CHECK

FOUND
TRUE
% RECOVERY

BLANK

<2

RPD = RELATIVE PERCENT DIFFERENCE.
NA = NOT APPLICABLE OR NOT AVAILABLE.

NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT,
OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

SUBMITTED BY: -~
™ )
7 /

Steven Lazoff

Laboratory Director
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3927 Aurora Ave. N, ™ geattle, WA 958103 ™ (206) 632-2715

MICROBIOL WORKSHEET

PAGE b or 1
CLAEENY/ DROS (/C/CC/ "7 - CEN; ,4//{0‘«;?/ 2 F
LA RIECELVED: Q / 2‘7 /.Qﬁ'_ ANALYST: s/ '
PARMMEBTER . A&y _;»('/é:'(' R TN o METHOD: 47/~ L
MELLA: 277 pi¢ . ANCUBATION : _TEMP IN: 44 5°  TE&np OUT 728 S
Media LOT fl: y/ FLFST '
NOTES . o
SAMPLE DAYA — : I - 1
- ' | { COLONY  COUNTS | REsULYL|
| [ COLLECTLON | LABORATORY IDILUI‘ION/VOLUME FILTERED [C/100m1|
AR e e TrML ) SR a0 O A | U l 1
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ACCEPTABRLE LAMITS: TOTAL COLIFORM (20-80 COLONIES) FECAL COLleRM (20-60 COLONILLES)

By Colony counts within limits,

2 A comnts below lumits, use either most accepluble count or assume | colony for the largest {iltration volune, report as eithe
ES PINCATED or LESS THAN (~). .

B Al cous above limits, use upper limit count (60 or 80) and the smallest sample volune filtered and report us GREATER 1 IAN
(G . iy

COLONILES COUNTED °
COLONIES 7100 il = e ~ X 100
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— AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
é 3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 6322715  FAX: (206) 632-2417

CASE FILE NUMBER: HERO071-32 PAGE 1
REPORT DATE: 09/02/05
DATE SAMPLED: 08/16/05 DATE RECEIVED: 08/16/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Twenty one water saniples were received by the laboratory in good condition. The samples were analyzed according to the chain of
custody. No difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data is
contained on subsequent pages.

SAMPLE DATA

FECAL COLIFORM
SAMPLE ID (#/100ml)
TCN64-081605-1 152 2 A OL} /Ll e
TONGH-081605-2 182 Q{\ (J’* LCL © :
TONG4-081605-3 120 '
TCS40-081605-1 164
TCS40-081605-2 190
TCS40-081605-3 204
TCNI3-081605-1 440
TCN33-081605-2 1540
TCN33081605-3 840
TCS41-081605-1 118
TCS41-081605-2 162
TCS41-081605-3 126
TCM46-081605-1 1440
TCM46-081605-2 1260
TCM46-081605-3 1260
MBS-081605-1 32
MBS-081605-2 10
MBS-081605-3 10
MBN-081605-1 42
MBN-081605-2 48
MBN-081605-3 52
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AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715

FAX: (206) 632-2417

HERO0205HER07132

CASE FILE NUMBER:
REPORT DATE:
DATE SAMPLED:

HER071-32

DATE RECEIVED: 08/16/05
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA

QC PARAMETER

FECAL COLIFORM

. (#/100m1)
METHOD SM18 9222D
DATE ANALYZED 08/16/05
DETECTION LIMI] 2

DUPLICATE

SAMPLE ID
ORIGINAL
DUPLICATE
RPD

MBN-081605-3
52
64
20.69%

SPIKE SAMPLE

SAMPLE ID
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

NA

QC CHECK

FOUND
TRUE
% RECOVERY

BLANK

< 2

RPD = RELATIVE PERCENT DIFFERENCE.
NA = NOT APPLICABLE OR NOT AVAILABLE.

NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.
OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

SUBMITTED

BY,

Laboratory Director
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—] AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 6322715  FAX: (206) 632-2417

CASE FILE NUMBER: HERO071-37 PAGE 1
REPORT DATE: 10/19/05
DATE SAMPLED: 10/02/05 DATE RECEIVED: 10/03/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Twenly one water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of

custody. No difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data is
contained on subsequent pages.

SAMPLE DATA

FECAL COLIFORM
SAMPLE ID (#/100ml)
TCN64-100205-1 780
TCN64-100205-2 1160
TCN64-100205-3 820 e (- ¢5 //i{ X
TCS40-100205-1 3080 }?M("’/W ~
TCS40-100205-2 1840
TCS40-100205-3 1960
TCN33-100205-1 > 4000
TCN33-100205-2 > 4000
TCN33-100205-3 > 4000
TCS41-100205-1 3960
TCS41-100205-2 3720
TCS41-100205-3 3160
TCM46-100205-1 3040
TCM46-100205-2 3920
TCN46-100205-3 3880

MBS-100205-1 226
MBS-100205-2 352
MBS-100205-3 1340
MBN-100205-1 36
MBN-100205-2 46
MBN-100205-3 28
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AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715

FAX: (206) 632-2417

HERO0205HER07137

CASE FILE NUMBER:
REPORT DATE:
DATE SAMPLED:

HERO071-37

DATE RECEIVED: 10/03/05
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA

QC PARAMETER

FECAL COLIFORM
(#/100ml)

METHOD
DATE ANALYZEQ
DETECTION LIMI

SM18 9222D
10/03/05
2

DUPLICATE

SAMPLE ID
ORIGINAL
DUPLICATE
RPD

MBN-100205-3
28
24
15.38%

SPIKE SAMPLE

SAMPLE ID
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

NA

QC CHECK

FOUND
TRUE
% RECOVERY

BLANK

<2

P = RELATIVE PERCENT DIFFERENCE.
NA = NOT APPLICABLE OR NOT AVAILABLE.
NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.

OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

Swven Lazoft

SUBMITJEDBY: -
L /‘%7///

[Laboratory Director
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MICROBIOL WORKSHEET
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Aquatic Research Incorporated
3927 Aurora Ave. N / Seattle, WA 98103 / (206) 632-2715
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CHAIN-OF-CUSTODY RECORD SHEET OF
CLIENT: Mectefe | PROJECT ID:
SAMPLING DATE: et 2 20065 CASE FILE NO.:
SAMPLERS: T DATA RECORDED BY:
SAMPLE INFORMATION
s PARAMETERS
L2
=
?
i B
e |0
2|2 T
SAMPLE DATE/TIME 3 2 T
fa) COLLECTED LN # NOTES
[ CNGE-(poros-t |(p-1-0% i35 | K (Fale wele
L/ s ) [
-3 ) sy / |
: - - . {
T(_g/—{&loow@' { 1746 / (
-1 l‘g;_,
- 5 [Goh
TCMNS3 ooros- | [59C \
- L } (50 |
-4 1515
TS U {00106 - | { 35
- L (52w \
-5 1505 { \
TCMYL ories- (oo || |
- & [ S }
-3 (525 N
/7/{ £§ - { Ol OC i \ \ [L{GC) {o{é\‘q L‘J:;\Lh
- L | ise /
-7 } (545 K
MPEN-100Loc ! / (405 2
- o - \\‘;'A
L | 1953
‘ (G2
Relmq Ijs pd By Date/Time Received By ) Date/Time
Printed Name / LLV‘ (/ Cﬂ“’ e [0 B P2 OE} g ) ;\’} Qflj/ v G_.A(“/af,‘/( | NS T .
Signature , -/ym,n /17?3.,,(5«" '
Affiliation ‘- l P '“ M /J (b‘» i
Relinquished By Date/Time Received By Date/Time
Printed Name
Signature
Affiliation

Miscellaneous Notes (Hazardous Materials, Quick turn-around time, etc.):
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- AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 6322715  FAX: (206) 632-2417

CASE FILE NUMBER: HER071-38 PAGE 1
REPORT DATE: 10/27/05
DATE SAMPLED: 10/25/05 DATE RECEIVED: 10/25/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Twenty one water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of
custody. No difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data is
contained on subsequent pages.

SAMPLE DATA
FECAL COLIFORM
SAMPLE ID (#/100ml)
TCN64-10/25/05-1 18 ; .
TCN64-10/25/05-2 28 ) /V(/{J'zi (Lt L
TCN64-10/25/05-3 16 7
TCS40-10/25/05-1 108 quj\ L0Y
TCS40-10/25/05-2 144
TCS40-10/25/05-3 106
TCN33-10/25/05-1 100
TCN33-10/25/05-2 108
TCN33-10/25/05-3 86
TCS41-10/25/05-1 46
TCS41-10/25/05-2 68
TCS41-10/25/05-3 340
TCMGF10/25/05-1 620
TCM46-10/25/05-2 600
TCM46-10/25/05-3 580
MBS-10/25/05-1 48
MBS-10/25/05-2 78
MBS-10/25/05-3 72
MBN-10/25/05-1 134
MBN-10/25/05-2 150
MBN-10/25/05-3 86
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AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715

FAX: (206) 632-2417

HERO0205HER07138

REPORT DATE:

DATE SAMPLED:

CASE FILE NUMBER:

HER071-38

DATE RECEIVED: 10/25/05
FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA

QC PARAMETER

FECAL COLIFORM

(#/100ml)
METHOD SM18 9222D
DATE ANALYZEL 10/25/05
JETECTION LIMI' 2

DUPLICATE

SAMPLE ID
ORIGINAL
DUPLICATE
RPD

MBN-10/25/05-3
86
76
12.35%

SPIKE SAMPLE

SAMPLE ID
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

NA

QC CHECK

FOUND
TRUE
% RECOVERY

BLANK

< 2

RPD = RELATIVE PERCENT DIFFERENCE.
NA = NOT APPLICABLE OR NOT AVAILABLE.
NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.

OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

SUBMITTED BY:

Steven Lazoft
Laboratory Director
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CLLERT PROJECT /////J/Zéﬁzf/? . crn. 2o 2/ 38
DAL RECKRIVED: gp [ 25 ge ANALYST: <Sof / wwm:
DARAMUTER:  fecme cod e oo METHOD: _ A/ _
MUEDER: o e INCUBATION : TEMP IN: +&/s TEME ouT: H .S o
Media LOT b 427|397 '
MO e N
SAMPLE DATA — | —
| . ; —] COLONY  COUNTS | RESULT|
{ | COLLECTION |  LABORATORY [DILUTTON/VOLUME FILTERED [c/100m1 | .
[SAMPLE LD | DATE | TIME | REC'D | FILT [L { — { - { [ |
,,,,,,,,,,,,,,, - N \ | 2.5 5 L 52 e O
A CLIH: %‘M«w s /s | /220 i 5~ | | | | E 7N
Nrewe [ | Zlaslec | oyfiide| S oD | Tz
‘ I Z . l (SIS | /5o <R L -
oy -3 _ | 1 O 1 T &8 /&
T\ 7zs et~ 1 1 l | L3 1S4 o8
e l I O G e Y S o
b = S r { L2 FZ 06
A ALVE S T L [ O | | 3,63 | Py
g _,J:..-«.,.M,;...ZW,,W S S T ] Qs &4 - AT
3 [ | Nz ZZ
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) I T AN i 1 & Ll 3 68
a i 3 I r < L3> 110 30
M Tl f [ ! S 1 B 1N 620
. l SR A N | T 1 3D e w2
! o2 l 1 \ 129 | 7niC 557
it SIS - ..( | | R—— | ‘ ’Z,- | 27/ | 7/5
& "ié‘* r » — 1 R ] 39 : 28
” e R l I e N A 7z
R W b NN S \ { ! — L AN | 135
48 T ' : —— s 27 /30 7
0 I J— = s Bé&
/7 . an N . N -
‘ ( :\:t: T ?u{:ﬁ):xj? ¥ — 7’ 55 74
ACCEPTABLI LIMITS: TOTAL COLIFORM (20-80 COLONIES) FECAL COLIFORM (20-60 COLONLLS)

1) Colony counts within s,

<) A counts below linnts, vse either nost aceeptable count or assume | colony for the largest tiltration volume, report as cither

ESTINATED or LESS TIHAN (),

31 A connts above liniies, use upper limit count (60 or 80) and the smallest sample volune filisred and report us GREATER THAN

(o

COLONIES COUNTED
COLONIES 7100 il = e - X 100
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F— AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 6322715 FAX: (206) 632-2417

CASE FILE NUMBER: HERO071-39 PAGE 1
REPORT DATE: 11/10/05
DATE SAMPLED: 10/28/05-11/01/05 DATE RECEIVED: 10/28/05-11/01/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Twenty one water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of custody. No
difficulties were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data is contained on subsequent pages.

SAMPLE DATA

FECAL COLIFORM

SAMPLE ID (#/100ml)

TCS840-102805-1 2100 '
TCNG4-102805-1 370 ééa (1 In (( J /(/( «
TCN33-102805-1 9800 (

TCS41-102805-1 8600 [2(, 09
TCMd6-102805-1 4400

MBS-102805-1 168

MBN-102805-1 34
TCN64-103105-2 730

TCS40-103105-2 6500
TCN33-103105-2 4000

TCS41-103105-2 5200
TCM46-103105-2 3900

MBS-103105-2 480

MBN-103105-2 240
TCN64-110105-3 210

TCS40-110105-3 1200
TCN33-110105-3 >2000

TCS41-110105-3 2600
TCM46-110105-3 3600

MBS-110105-3 920

MBN-110105-3 20
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AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
FAX: (206) 632-2417

PHONE: (206) 632-2715

REPORT DATE:
DATE SAMPLED:

CASE FILE NUMBER:

HERO071-39
11/10/05
10/28/05-11/01/05

PAGE 2

DATE RECEIVED: 10/28/05-11/01/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA
QC PARAMETER

METHOD
DATE ANALYZED
DETECTION LIMIT

DUPLICATE

SAMPLE ID
ORIGINAL
DUPLICATE
RPD

SPIKE SAMPLE

SAMPLE ID
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

QC CHECK
FOUND
TRUE
% RECOVERY

BLANK

FECAL COLIFORM

FECAL COLIFORM

FECAL COLIFORM

(#/100mly (#/100ml) (#/100ml)
SM18 9222D SMI8 9222D SM18 9222D
10/28/05 10/31/05 11/01/05
2 2 2
MBN-102805-1 MBN-103105-2 MBN-110105-3
34 240 20
30 220 18
12.50% 8.70% 10.53%
NA NA NA
<2 <2 ] <2

RPD = RELATIVE PERCENT DIFFERENCE.
NA = NOT APPLICABLE OR NOT AVAILABLE.

NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.
OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

SUBMITTED BY:

& 7

Laboratory Director
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(J
Q

I N
[N
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CATCHT ATTONS -
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= AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
é 3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715  FAX: (206) 632-2417

CASE FILE NUMBER: HERO071-48 PAGE 1
REPORT DATE: 11/25/05 '
DATE SAMPLED: 11/21/05 DATE RECEIVED: 11/21/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Twenty one water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of custody. No difficulties
were encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data is contained on subsequent pages.

SAMPLE DATA

: FECAL COLIFORM ‘
SAMPLE ID (#/100ml) " (a A [LcC
TCNG4-112105-1 42 CQI}L‘ e
TCN64-112105-2 30 -~
i JQ,OC)
TCNG64-112105-3 36 L
TCS40-112105-1 50
TCS40-112105-2 36
TCS40-112105-3 28
TCN33-112105-1 296
TCN33-112105-2 388
TCN33-112105-3 462
TCS41-112105-1 122
TCS41-112105-2 106
TCS41-112105-3 108
TCM46-112105-1 268
TCM46-112105-2 264
TCM46-112105-3 356
MBS-112105-1 20
MBS-112105-2 110
MBS-112105-3 120
MBN-112105-1 72
MBN-112105-2 74
MBN-112105-3 50
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i AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
é 3927 AURORA AVENUE NORTH, SEATTLE, WA 98103

PHONE: (206) 632-2715 FAX: (206) 632-2417

CASE FILE NUMBER: HER071-48 PAGE 2
REPORT DATE: 11/25/05
DATE SAMPLED: 11/21/05 DATE RECEIVED: 11/21/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA
QC PARAMETER FECAL COLIFORM
(#/100ml)
METHOD SM18 9222D
DATE ANALYZED 11/21/05
DETECTION LIMIT 2

DUPLICATE

SAMPLE ID MBN-112105-3
ORIGINAL 50
DUPLICATE 40
RPD 22.22%

SPIKE SAMPLE

SAMPLE ID
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED

% RECOVERY NA

QC CHECK

FOUND
TRUE
% RECOVERY

BLANK <2

RPD = RELATIVE PERCENT DIFFERENCE.

NA = NOT APPLICABLE OR NOT AVAILABLE.

NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.

OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

SUBMITTED BY:

Laboratory Director
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F— AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
é 3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715  FAX: (206) 632-2417

CASE FILE NUMBER: HERO071-56 PAGE 1
REPORT DATE: 12/28/05
DATE SAMPLED: 12/20/05 DATE RECEIVED:  12/20/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Seven water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of custody. No difficulties were
encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data is contained on subsequent pages.

SAMPLE DATA

FECAL COLIFORM

SAMPLE ID (#/100ml)
TCN64-122005-1 70

TCS40-122005-1 290

TCN33-122005-1 2400 ( | l (-0 “/L’( e
TCS41-122005-1 990 £ e
TCM46-122005-1 1350

MBS-122005-1 34

MBN-122005-1 8

ai
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AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715  FAX: (206) 632-2417

CASE FILE NUMBER: HERO071-56 PAGE 2
REPORT DATE: 12/28/05
DATE SAMPLED: 12/20/05 DATE RECEIVED:  12/20/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA
QC PARAMETER

METHOD
DATE ANALYZED
DETECTION LIMIT

DUPLICATE

SAMPLE ID
ORIGINAL
DUPLICATE
RPD

SPIKE SAMPLE

SAMPLE ID
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY

QC CHECK
FOUND
TRUE
% RECOVERY

BLANK

FECAL COLIFORM
(#/100ml)

SM 18 9222D
12/20/05
2

MBN-122005-1
8
12
40.00%

NA

<2

RPD = RELATIVE PERCENT DIFFERENCE.

NA = NOT APPLICABLE OR NOT AVAILABLE.
NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.
OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

S even/ Laza%

Laboratory Director
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— AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
é 3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715  FAX: (206) 632-2417

CASE FILE NUMBER: HERO071-58 PAGE 1
REPORT DATE: 12/28/05
DATE SAMPLED: 12/21/05 DATE RECEIVED:  12/21/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

CASE NARRATIVE

Fourteen water samples were received by the laboratory in good condition. The samples were analyzed according to the chain of custody. No difficulties were
encountered in the preparation or analysis of these samples. Sample data follows, while QA/QC data is contained on subsequent pages.

SAMPLE DATA

FECAL COLIFORM

SAMPLE ID (#/100ml)
TCN64-122105-2 210
TCN64-122105-3 900 ) J [ . L ol /{/\ i
TCS40-122105-2 870 S\/‘(J
TCS40-122105-3 570 ﬂ
TCN33-122105-2 1080
TCN33-122105-3 1010

TCS41-122105-2 1400

TCS41-122105-3 1480
TCM46-122105-2 1200
TCM46-122105-3 1300

MBS-122105-2 42

MBS-122105-3 : 200

MBN-122105-2 420

MBN-122105-3 140
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AQUATIC RESEARCH INCORPORATED
LABORATORY & CONSULTING SERVICES
3927 AURORA AVENUE NORTH, SEATTLE, WA 98103
PHONE: (206) 632-2715  FAX: (206) 632-2417

CASE FILE NUMBER: HERO071-58 PAGE 2
REPORT DATE: 12/28/05
DATE SAMPLED: 12/21/05 DATE RECEIVED:  12/21/05

FINAL REPORT, LABORATORY ANALYSIS OF SELECTED PARAMETERS ON WATER
SAMPLES FROM HERRERA ENVIRONMENTAL

QA/QC DATA

QC PARAMETER FECAL COLIFORM
(#/100ml)
METHOD SM18 9222D
DATE ANALYZED 12/21/05
DETECTION LIMIT 2
DUPLICATE
SAMPLE ID MBN-122105-3
ORIGINAL 140
DUPLICATE 160
RPD 13.33%
SPIKE SAMPLE
SAMPLE ID
ORIGINAL
SPIKED SAMPLE
SPIKE ADDED
% RECOVERY NA
QC CHECK
FOUND
TRUE
% RECOVERY
BLANK <2

RPD = RELATIVE PERCENT DIFFERENCE.

NA = NOT APPLICABLE OR NOT AVAILABLE.
NC = NOT CALCULABLE DUE TO ONE OR MORE VALUES BEING BELOW THE DETECTION LIMIT.
OR = RECOVERY NOT CALCULABLE DUE TO SPIKE SAMPLE OUT OF RANGE OR SPIKE TO LOW RELATIVE TO SAMPLE CONCENTRATION.

SUBMIITED BY:

e /7’//%
Steven Lazoff: P2

Laboratory Director
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1) MoLECULAR EPIDEMIOLOGY, 1nc,

Laboratories & Consultig ' ub

Rob Zisette/ Mike Cawrse _ March 10, 2006
Herrera Environmental Consultants

2200 Sixth Ave., Suite 1100

Seattle, WA 98121

Dear Mike/Rob,

Enclosed are the results for Sediment samples collected at Thornton Creek/ Matthews Beach in

September, 2003.

Samples were processed for Fecal Coliform counts and Microbial Source Tracking (MST). MST
results will be sent separately. Sediment samples were processed by the Multiple Tube Fermentation
Test method (Standard Methods 9221B & C). All controls performed as expected, there were no
anomalies reported.

Sample ID MPN/1gm 95% C.IL
TCM46-090705-18 1300 500-3900
TCM46-090705-28 500 200-1700
TCM46-090705-38 330 150-770

MBS-090705-18 17 7-48
MBS-090705-2S 50 20-200
MBS-090705-38 50 20-200
MBN-090705-18 5 2-17
MBN-090705-28 11 0.4-30
MBN-090705-28 3 0.1-12

Sincerely,

Gregory Ma, SM(AAM), MSPH

Senior Scientist & Director General Microbiology
Molecular Epidemiology, Inc.

15300 Bothell Way NE

Lake Forest Park, WA 98155

Office (206) 306-8882
Fax  (206)306-8883
Mobile
‘Email
www.molecularepi.com
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Project:

Samples Collected By:
Date Samples shipped:
Date Samples Rec'd at OUL:

Ozark Underground Laboratory for
Herrera Environmental Consultants

Thornton MST - Project Number: 01-01948-280
Michael Cawrse

August 1, 2005

August 2, 2005

Date Analyzed by OUL: August 3, 2005
Table 1. Results for cotton samplers analyzed for the presence of optical brighteners.
OUL | Side Sample ID Date Date Peak | Hgt of Peak | Result
Lab # Placed Collected (nm) on 16X
2005 Ordinate
Scale
70948 A | TCS40-020105 2/1 1605 2/3 1425 -- -- ND
20948 B | TCS40-020105 2/1 1605 2/3 1425 -- - ND
20949 A | WC1-041905 4/19 NT 4/29 NT - - ND
20949 B | WC1-041905 4/19 NT 4/29 NT -- - ND
70950 A | TCS41-062905 6/29 NT 7/11NT - - ND
20950 B | TCS41-062905 6/29 NT 7/11 NT -- -- ND
20951 A | Laboratory Control Cotton Blank analyzed 8/3/2005 -- -- ND
20951 B | Laboratory Control Cotton Blank analyzed 8/3/2005 -- -- ND
Footnotes:
ND = None detected

NT

il

No time given
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APPENDIX B

Project Database






bacteria database

event
Station Date Time season type Sample ID result comment

MBN 6/29/2005 12:25 summer base MBN-062905-1 380
MBN 6/29/2005 12:30 summer base MBN-062905-2 460
MBN 6/29/2005 12:35 summer base MBN-062905-3 660
MBN 8/16/2005 11:30 summer base MBN-081605-1 42
MBN 8/16/2005 11:35 summer base MBN-081605-2 48
MBN 8/16/2005 11:40 summer base MBN-081605-3 52
MBN 10/25/2005 14:20 summer base MBN-102505-1 134
MBN 10/25/2005 14:25 summer base MBN-102505-2 150
MBN 10/25/2005 14:30 summer base MBN-102505-3 86
MBN 9/7/2005 11:55 summer sediment MBN-090705-1S 5
MBN 9/7/2005 12:00 summer sediment MBN-090705-1S 11
MBN 9/7/2005 12:05 summer sediment MBN-090705-1S 3
MBN 5/18/2005 8:02 summer storm MBN-051805-1 240
MBN 5/18/2005 9:20 summer storm MBN-051805-2 1540
MBN 5/18/2005 9:25 summer storm MBN-051805-3 2480
MBN 10/2/2005 14:15 summer storm MBN-100205-1 36
MBN 10/2/2005 15:55 summer storm MBN-100205-2 46
MBN 10/2/2005 16:00 summer storm MBN-100205-3 28
MBN 2/1/2005 9:50 winter base MBN-020105-1 28
MBN 2/1/2005 9:55 winter base MBN-020105-2 26
MBN 2/1/2005 10:00 winter base MBN-020105-3 20
MBN 4/19/2005 12:45 winter base MBN-041905-1 44
MBN 4/19/2005 12:50 winter base MBN-041905-2 26
MBN 4/19/2005 12:55 winter base MBN-041905-3 92
MBN 11/21/2005 10:20 winter base MBN-112105-1 72
MBN 11/21/2005 10:25 winter base MBN-112105-2 74
MBN 11/21/2005 10:30 winter base MBN-112105-3 50
MBN 3/19/2005 18:03 winter storm MBN-031905-1 250
MBN 3/19/2005 19:10 winter storm MBN-031905-2 300
MBN 3/26/2005 12:47 winter storm MBN-032605-1 38
MBN 4/1/2005 5:25 winter storm MBN-040105-1 400
MBN 4/1/2005 6:45 winter storm MBN-040105-2 280
MBN 4/16/2005 9:30 winter storm MBN-041605-1 500
MBN 10/28/2005 4:40 winter storm MBN-102805-1 34
MBN 10/31/2005 6:05 winter storm MBN-103105-2 240
MBN 11/1/2005 8:40 winter storm MBN-110105-3 20
MBN 12/20/2005 9:55 winter storm MBN-122005-1 8
MBN 12/21/2005 7:50 winter storm MBN-122105-2 420
MBN 12/21/2005 11:30 winter storm MBN-122105-3 140
MBP 10/25/2005 14:45 summer base MBP-102505-1

MBP 11/21/2005 10:35 winter base MBP-112105-1

MBS 6/29/2005 12:10 summer base MBS-062905-1 42
MBS 6/29/2005 12:15 summer base MBS-062905-2 50
MBS 6/29/2005 12:20 summer base MBS-062905-3 66
MBS 8/16/2005 11:06 summer base MBS-081605-1 32
MBS 8/16/2005 11:11 summer base MBS-081605-2 10
MBS 8/16/2005 11:17 summer base MBS-081605-3 10
MBS 10/25/2005  14:05 summer base MBS-102505-1 48
MBS 10/25/2005 14:10 summer base MBS-102505-2 78
MBS 10/25/2005  14:15 summer base MBS-102505-3 72
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bacteria database

event
Station Date Time season type Sample ID result comment
MBS 9/7/2005 11:25 summer sediment MBS-090705-1S 17
MBS 9/7/2005 11:32 summer sediment MBS-090705-2S 50
MBS 9/7/2005 11:37 summer sediment MBS-090705-3S 50
MBS 5/18/2005 7:50 summer storm MBS-051805-1 720
MBS 5/18/2005 9:40 summer storm MBS-051805-2 1600
MBS 5/18/2005 9:45 summer storm MBS-051805-3 1520
MBS 10/2/2005 14:05 summer storm MBS-100205-1 226
MBS 10/2/2005 15:40 summer storm MBS-100205-2 352
MBS 10/2/2005 15:45 summer storm MBS-100205-3 1340
MBS 2/1/2005 9:35 winter base MBS-020105-1 8
MBS 2/1/2005 9:40 winter base MBS-020105-2 16
MBS 2/1/2005 9:45 winter base MBS-020105-3 22
MBS 4/19/2005 12:30 winter base MBS-041905-1 14
MBS 4/19/2005 12:35 winter base MBS-041905-2 20
MBS 4/19/2005 12:40 winter base MBS-041905-3 28
MBS 11/21/2005 10:05 winter base MBS-112105-1 20
MBS 11/21/2005 10:10 winter base MBS-112105-2 110
MBS 11/21/2005 10:15 winter base MBS-112105-3 120
MBS 3/19/2005 17:55 winter storm MBS-031905-1 150
MBS 3/19/2005 18:58 winter storm MBS-031905-2 600
MBS 3/26/2005 12:35 winter storm MBS-032605-1 8
MBS 4/1/2005 5:15 winter storm MBS-040105-1 320
MBS 4/1/2005 6:35 winter storm MBS-040105-2 740
MBS 4/16/2005 9:15 winter storm MBS-041605-1 140
MBS 10/28/2005 4:35 winter storm MBS-102805-1 168
MBS 10/31/2005 5:55 winter storm MBS-103105-2 480
MBS 11/1/2005 8:20 winter storm MBS-110105-3 920
MBS 12/20/2005 9:40 winter storm MBS-122005-1 34
MBS 12/21/2005 7:40 winter storm MBS-122105-2 42
MBS 12/21/2005 11:20 winter storm MBS-122105-3 200

TCM46 6/29/2005 11:55 summer base TCM46-062905-1 280
TCM46 6/29/2005 12:00 summer base TCM46-062905-2 1040
TCM46 6/29/2005 12:05 summer base TCM46-062905-3 1140
TCM46 8/16/2005 10:45 summer base TCM46-081605-1 1440
TCM46 8/16/2005 10:50 summer base TCM46-081605-2 1260
TCM46 8/16/2005 10:55 summer base TCM46-081605-3 1260
TCM46  10/25/2005 13:50 summer base TCM46-102505-1 620
TCM46 10/25/2005 13:55 summer base TCM46-102505-2 600
TCM46  10/25/2005 14:00 summer base TCM46-102505-3 580
TCM46 9/7/2005 10:50 summer sediment TCM46-090705-1S 1300
TCM46 9/7/2005 10:57 summer sediment TCM46-090705-2S 500
TCM46 9/7/2005 11:05 summer sediment TCM46-090705-3S 330
TCM46 5/18/2005 747 summer storm TCM46-051805-1 4700
TCM46 5/18/2005 9:30 summer storm TCM46-051805-2 4500
TCM46 5/18/2005 9:35 summer storm TCM46-051805-3 5700
TCM46 10/2/2005 14:00 summer storm TCM46-100205-1 3040
TCM46 10/2/2005 15:30 summer storm TCM46-100205-2 3920
TCM46 10/2/2005 15:35 summer storm TCM46-100205-3 3880
TCM46 2/1/2005 9:22 winter base TCM46-020105-1 134
TCM46 2/1/2005 9:27 winter base TCM46-020105-2 240
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bacteria database

event

Station Date Time season type Sample ID result comment
TCM46 2/1/2005 9:32 winter base TCM46-020105-3 138

TCM46  4/19/2005 12:15 winter base TCM46-041905-1 60

TCM46  4/19/2005 12:20 winter base TCM46-041905-2 50

TCM46  4/19/2005 12:25 winter base TCM46-041905-3 130

TCM46  11/21/2005 9:50 winter base TCM46-112105-1 268

TCM46  11/21/2005 9:55 winter base TCM46-112105-2 264

TCM46  11/21/2005  10:00 winter base TCM46-112105-3 356
TCM46  3/19/2005 17:34 winter storm TCM46-031905-1 1350
TCM46 3/19/2005 19:05 winter storm TCM46-031905-2 2600
TCM46  3/26/2005 12:28 winter storm TCM46-032605-1 2000
TCM46 4/1/2005 5:08 winter storm TCM46-040105-1 500
TCM46 4/1/2005 6:25 winter storm TCM46-040105-2 700
TCM46  4/16/2005 9:08 winter storm TCM46-041605-1 14000
TCM46  10/28/2005 4:30 winter storm TCM46-102805-1 4400
TCM46  10/31/2005 5:50 winter storm TCM46-103105-2 3900
TCM46  11/1/2005 8:15 winter storm TCM46-110105-3 3600
TCM46  12/20/2005 9:35 winter storm TCM46-122005-1 1350
TCM46  12/21/2005 7:35 winter storm TCM46-122105-2 1200
TCM46  12/21/2005 11:15 winter storm TCM46-122105-3 1300
TCN33 6/29/2005 11:25 summer base TCN33-062905-1 268
TCN33 6/29/2005 11:30 summer base TCN33-062905-2 236
TCN33 6/29/2005 11:35 summer base TCN33-062905-3 264
TCN33 8/16/2005 10:12 summer base TCN33-081605-1 440
TCN33 8/16/2005 10:17 summer base TCN33-0816105-2 1540
TCN33 8/16/2005 10:22 summer base TCN33-081605-3 840
TCN33 10/25/2005 13:20 summer base TCN33-102505-1 100
TCN33 10/25/2005 13:25 summer base TCN33-102505-2 108
TCN33 10/25/2005 13:30 summer base TCN33-102505-3 86
TCN33 5/18/2005 7:30 summer storm TCN33-051805-1 2500
TCN33 5/18/2005 8:55 summer storm TCN33-051805-2 4300
TCN33 5/18/2005 9:00 summer storm TCN33-051805-3 2500

TCN33 10/2/2005 13:45 summer storm TCN33-100205-1 4000 G
TCN33 10/2/2005 15:10 summer storm TCN33-100205-2 4000 G
TCN33 10/2/2005 15:15 summer storm TCN33-100205-3 4000 G
TCN33 2/1/2005 8:58 winter base TCN33-020105-1 120
TCN33 2/1/2005 9:03 winter base TCN33-020105-2 100
TCN33 2/1/2005 9:08 winter base TCN33-020105-3 74
TCN33  4/19/2005 13:20 winter base TCN33-041905-1 180
TCN33  4/19/2005 13:25 winter base TCN33-041905-2 110
TCN33  4/19/2005 13:30 winter base TCN33-041905-3 70
TCN33  11/21/2005 9:20 winter base TCN33-112105-1 296
TCN33  11/21/2005 9:25 winter base TCN33-112105-2 388
TCN33  11/21/2005 9:30 winter base TCN33-112105-3 462

TCN33 3/19/2005 17:20 winter storm TCN33-031905-1 3800
TCN33 3/19/2005 18:45 winter storm TCN33-031905-2 2300
TCN33 3/26/2005 12:10 winter storm TCN33-032605-1 1600
TCN33 4/1/2005 4:55 winter storm TCN33-040105-1 600

TCN33 4/1/2005 6:15 winter storm TCN33-040105-2 700

TCN33 4/16/2005 8:58 winter storm TCN33-041605-1 9500
TCN33 10/28/2005 4:15 winter storm TCN33-102805-1 9800
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bacteria database

event
Station Date Time season type Sample ID result comment
TCN33  10/31/2005 5:35 winter storm TCN33-103105-2 4000
TCN33  11/1/2005 7:55 winter storm TCN33-110105-3 2000 G

TCN33  12/20/2005 7:05 winter storm TCN33-122005-1 2400
TCN33 12/21/2005 7:20 winter storm TCN33-122105-2 1080
TCN33 12/21/2005 10:45 winter storm TCN33-122105-3 1010
TCN64 6/29/2005 10:40 summer base TCN64-062905-1 58
TCN64 6/29/2005 10:45 summer base TCN64-062905-2 90
TCN64 6/29/2005 10:50 summer base TCN64-062905-3 110
TCN64 8/16/2005 8:53 summer base TCN64-081605-1 152
TCN64 8/16/2005 8:58 summer base TCN64-081605-2 182
TCN64 8/16/2005 9:03 summer base TCN64-081605-3 120

TCN64  10/25/2005 12:45 summer base TCN64-102505-1 18
TCN64  10/25/2005 12:50 summer base TCNG64-102505-2 28
TCN64  10/25/2005 12:55 summer base TCN64-102505-3 16

TCN64  5/18/2005 7:05 summer storm TCN64-051805-1 1300
TCN64  5/18/2005 8:27 summer storm TCNG64-051805-2 1000
TCN64  5/18/2005 8:32 summer storm TCN64-051805-3 600
TCN64 10/2/2005 13:20 summer storm TCNG64-100205-1 780
TCN64 10/2/2005 14:48 summer storm TCNG64-100205-2 1160
TCN64 10/2/2005 14:53 summer storm TCNG64-100205-3 820

TCN64 2/1/2005 7:54 winter base TCN64-020105-1 54
TCN64 2/1/2005 7:59 winter base TCNG64-020105-2 54
TCN64 2/1/2005 8:04 winter base TCNG64-020105-3 58
TCN64  4/19/2005 13:40 winter base TCNG64-041905-1 30
TCN64  4/19/2005 13:45 winter base TCNG64-041905-2 40
TCN64  4/19/2005 13:50 winter base TCNG64-041905-3 30
TCN64  11/21/2005 8:50 winter base TCNG64-112105-1 42
TCN64  11/21/2005 8:55 winter base TCNG64-112105-2 30
TCN64  11/21/2005 9:00 winter base TCNG64-112105-3 36

TCN64  3/19/2005 16:57 winter storm TCNG64-031905-1 120
TCN64  3/19/2005 18:25 winter storm TCN64-031905-2 350
TCN64  3/26/2005 11:45 winter storm TCNG64-032605-1 800
TCN64 4/1/2005 4:25 winter storm TCN64-040105-1 100
TCN64 4/1/2005 5:45 winter storm TCN64-040105-2 60

TCN64  4/16/2005 6:30 winter storm TCN64-041605-1 1500
TCN64  10/28/2005 4:00 winter storm TCN64-102805-1 2100
TCN64  10/31/2005 5:15 winter storm TCNG64-103105-2 730
TCN64 11/1/2005 7:25 winter storm TCN64-110105-3 210
TCN64  12/20/2005 6:45 winter storm TCNG64-122005-1 70

TCN64  12/21/2005 6:55 winter storm TCN64-122105-2 210
TCN64  12/21/2005  10:30 winter storm TCN64-122105-3 900
TCS40 6/29/2005 11:00 summer base TCS40-062905-1 84

TCS40 6/29/2005 11:05 summer base TCS40-062905-2 86

TCS40 6/29/2005 11:10 summer base TCS40-062905-3 102
TCS40 8/16/2005 9:28 summer base TCS40-081605-1 164
TCS40 8/16/2005 9:33 summer base TCS40-081605-2 190
TCS40 8/16/2005 9:38 summer base TCS40-081605-3 204
TCS40 10/25/2005  13:00 summer base TCS40-102505-1 108
TCS40 10/25/2005  13:05 summer base TCS40-102505-2 144
TCS40 10/25/2005  13:10 summer base TCS40-102505-3 106
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bacteria database
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Station Date Time season type Sample ID result comment
TCS40 5/18/2005 7:18 summer storm TCS40-051805-1 4400

TCS40  5/18/2005 8:42 summer storm TCS40-051805-2 3300

TCS40 5/18/2005 8:47 summer storm TCS40-051805-3 3300

TCS40 10/2/2005 13:35 summer storm TCS40-100205-1 3080

TCS40 10/2/2005 15:00 summer storm TCS40-100205-2 1840

TCS40 10/2/2005 15:05 summer storm TCS40-100205-3 1960

TCS40 2/1/2005 8:17 winter base TCS40-020105-1 40

TCS40 2/1/2005 8:22 winter base TCS40-020105-2 20
TCS40 2/1/2005 8:27 winter base TCS40-020105-3 10
TCS40  4/19/2005 13:55 winter base TCS40-041905-1 190
TCS40  4/19/2005 14:00 winter base TCS40-041905-2 110
TCS40  4/19/2005 14:05 winter base TCS40-041905-3 190
TCS40  11/21/2005 9:05 winter base TCS40-112105-1 50
TCS40 11/21/2005 9:10 winter base TCS40-112105-2 36
TCS40  11/21/2005 9:15 winter base TCS40-112105-3 28

TCS40 3/19/2005 17:08 winter storm TCS40-031905-1 600
TCS40 3/19/2005 18:35 winter storm TCS40-031905-2 650
TCS40 3/26/2005 11:58 winter storm TCS40-032605-1 210
TCS40 4/1/2005 4:35 winter storm TCS40-040105-1 500
TCS40 4/1/2005 5:55 winter storm TCS40-040105-2 170
TCS40 4/16/2005 6:38 winter storm TCS40-041605-1 1000
TCS40 10/28/2005 3:50 winter storm TCS40-102805-1 4400
TCS40 10/31/2005 5:25 winter storm TCS40-103105-2 6500
TCS40 11/1/2005 7:35 winter storm TCS40-110105-3 1200
TCS40  12/20/2005 6:35 winter storm TCS40-122005-1 290
TCS40 12/21/2005 7:05 winter storm TCS40-122105-2 870
TCS40 12/21/2005 10:35 winter storm TCS40-122105-3 570
TCS41 6/29/2005 11:40 summer base TCS41-062905-1 206
TCS41 6/29/2005 11:45 summer base TCS41-062905-2 168
TCS41 6/29/2005 11:50 summer base TCS41-062905-3 264
TCS41 8/16/2005 10:28 summer base TCS41-081605-1 118
TCS41 8/16/2005 10:33 summer base TCS41-081605-2 162
TCS41 8/16/2005 10:38 summer base TCS41-081605-3 126
TCS41 10/25/2005 13:35 summer base TCS41-102505-1 46
TCS41 10/25/2005 13:40 summer base TCS41-102505-2 68
TCS41 10/25/2005 13:45 summer base TCS41-102505-3 340
TCS41 5/18/2005 7:35 summer storm TCS41-051805-1 11800
TCS41 5/18/2005 9:05 summer storm TCS41-051805-2 3700
TCS41 5/18/2005 9:10 summer storm TCS41-051805-3 6700
TCS41 10/2/2005 13:50 summer storm TCS41-100205-1 3960
TCS41 10/2/2005 15:20 summer storm TCS41-100205-2 3720
TCS41 10/2/2005 15:25 summer storm TCS41-100205-3 3160

TCS41 2/1/2005 8:40 winter base TCS41-020105-1 112
TCS41 2/1/2005 8:45 winter base TCS41-020105-2 134
TCS41 2/1/2005 8:50 winter base TCS41-020105-3 112
TCS41 4/19/2005 12:15 winter base TCS41-041905-3 60
TCS41 4/19/2005 13:05 winter base TCS41-041905-1 50
TCS41 4/19/2005 13:10 winter base TCS41-041905-2 90
TCS41  11/21/2005 9:35 winter base TCS41-112105-1 122

TCS41  11/21/2005 9:40 winter base TCS41-112105-2 106
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TCS41  11/21/2005 9:45 winter base TCS41-112105-3 108
TCS41 3/19/2005 17:27 winter storm TCS41-031905-1 2400
TCS41 3/19/2005 18:50 winter storm TCS41-031905-2 2650
TCS41 3/26/2005 12:18 winter storm TCS41-032605-1 300
TCS41 4/1/2005 4:50 winter storm TCS41-040105-1 600
TCS41 4/1/2005 6:10 winter storm TCS41-040105-2 400
TCS41 4/16/2005 8:50 winter storm TCS41-041605-1 6000
TCS41  10/28/2005 4:20 winter storm TCS41-102805-1 8600
TCS41  10/31/2005 5:40 winter storm TCS41-103105-2 5200
TCS41 11/1/2005 8:00 winter storm TCS41-110105-3 2600
TCS41  12/20/2005 7:10 winter storm TCS41-122005-1 990
TCS41  12/21/2005 7:25 winter storm TCS41-122105-2 1400
TCS41 12/21/2005 1055 winter storm TCS41-122105-3 1480
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Isolate .

Provider Sample .
104991 Hero 71-02-TCN64-1
104992 Hero 71-02-TCN64-1
104993 Hero 71-02-TCN64-1
104994 Hero 71-02-TCN64-2
104995 Hero 71-02-TCN64-2
104996 Hero 71-02-TCN64-2
104997 Hero 71-02-TCN64-3
104998 Hero 71-02-TCN64-3
104999 Hero 71-02-TCN64-3
105000 Hero 71-02-TCS40-1
105001 Hero 71-02-TCS40-1
105002 Hero 71-02-TCS40-1
105003 Hero 71-02-TCS40-1
105004 Hero 71-02-TCS40-2
105005 Hero 71-02-TCS40-2
105006 Hero 71-02-TCS40-2
105007 Hero 71-02-TCS40-3
105008 Hero 71-02-TCS40-3
105009 Hero 71-02-TCS40-3
105010 Hero 71-02-TCS41-1
105011 Hero 71-02-TCS41-1
105012 Hero 71-02-TCS41-1
105013 Hero 71-02-TCS41-2
105014 Hero 71-02-TCS41-2
105015 Hero 71-02-TCS41-2
105016 Hero 71-02-TCS41-3
105017 Hero 71-02-TCS41-3
105018 Hero 71-02-TCS41-3
105019 Hero 71-02-TCN33-1
105020 Hero 71-02-TCN33-1
105021 Hero 71-02-TCN33-1
105022 Hero 71-02-TCN33-1
105023 Hero 71-02-TCN33-2
105024 Hero 71-02-TCN33-2
105025 Hero 71-02-TCN33-2
105026 Hero 71-02-TCN33-3
105027 Hero 71-02-TCN33-3
105028 Hero 71-02-TCN33-3
105029 Hero 71-02-TCN46-1
105030 Hero 71-02-TCN46-1
105031 Hero 71-02-TCN46-1
105032 Hero 71-02-TCN46-2
105033 Hero 71-02-TCN46-2
105034 Hero 71-02-TCN46-2
105035 Hero 71-02-TCN46-3
105036 Hero 71-02-TCN46-3
105037 Hero 71-02-TCN46-3
105038 Hero 71-02-MBS-1
105039 Hero 71-02-MBS-1
105040 Hero 71-02-MBS-1
105041 Hero 71-02-MBS-1

01-01948-280 Appendix B - study database.xIs

match database

Sample
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Date Resident/T Note
2/1/2005 231 avian
2/1/2005 207 raccoon
2/1/2005 207 raccoon
2/1/2005 207 raccoon
2/1/2005 135 sewage
2/1/2005 207 raccoon
2/1/2005 135 sewage
2/1/2005 207 raccoon
2/1/2005 231 avian
2/1/2005 78 raccoon
2/1/2005 78 raccoon
2/1/2005 17 rodent
2/1/2005 78 raccoon
2/1/2005 217 rodent
2/1/2005 17 rodent
2/1/2005 136 avian
2/1/2005 17 rodent
2/1/2005 17 rodent
2/1/2005 213 dog
2/1/2005 122 u
2/1/2005 145 rodent
2/1/2005 145 rodent
2/1/2005 136 avian
2/1/2005 25 dog
2/1/2005 110 avian
2/1/2005 65 u
2/1/2005 avian
2/1/2005 avian
2/1/2005 231 avian
2/1/2005 124 raccoon
2/1/2005 124 raccoon
2/1/2005 154 rodent
2/1/2005 216 avian
2/1/2005 107 raccoon
2/1/2005 216 avian
2/1/2005 216 avian
2/1/2005 207 raccoon
2/1/2005 216 avian
2/1/2005 37 opossum
2/1/2005 231 avian
2/1/2005 214 sewage
2/1/2005 avian
2/1/2005 18 avian
2/1/2005 154 rodent
2/1/2005 136 avian
2/1/2005 136 avian
2/1/2005 30 avian
2/1/2005 44 raccoon
2/1/2005 raccoon
2/1/2005 207 raccoon
2/1/2005 207 raccoon

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

match database

Provider Sample .

105042 Hero 71-02-MBS-2

105043 Hero 71-02-MBS-2

105044 Hero 71-02-MBS-2

105045 Hero 71-02-MBS-3

105046 Hero 71-02-MBS-3

105047 Hero 71-02-MBS-3

105048 Hero 71-02-MBN-1

105049 Hero 71-02-MBN-1

105050 Hero 71-02-MBN-1

105051 Hero 71-02-MBN-2

105052 Hero 71-02-MBN-2

105053 Hero 71-02-MBN-2

105054 Hero 71-02-MBN-3

105055 Hero 71-02-MBN-3

105056 Hero 71-02-MBN-3

105399 Hero 71-06-TCN64-031905-1
105400 Hero 71-06-TCN64-031905-1
105401 Hero 71-06-TCN64-031905-1
105402 Hero 71-06-TCN64-031905-1
105403 Hero 71-06-TCN64-031905-2
105404 Hero 71-06-TCN64-031905-2
105405 Hero 71-06-TCN64-031905-2
105406 Hero 71-06-TCS40-031905-1
105407 Hero 71-06-TCS40-031905-1
105408 Hero 71-06-TCS40-031905-1
105409 Hero 71-06-TCS40-031905-2
105410 Hero 71-06-TCS40-031905-2
105411 Hero 71-06-TCS40-031905-2
105412 Hero 71-06-TCN33-031905-1
105413 Hero 71-06-TCN33-031905-1
105414 Hero 71-06-TCN33-031905-1
105415 Hero 71-06-TCN33-031905-2
105416 Hero 71-06-TCN33-031905-2
105417 Hero 71-06-TCN33-031905-2
105418 Hero 71-06-TCS41-031905-1
105419 Hero 71-06-TCS41-031905-1
105420 Hero 71-06-TCS41-031905-1
105421 Hero 71-06-TCS41-031905-1
105422 Hero 71-06-TCS41-031905-2
105423 Hero 71-06-TCS41-031905-2
105424 Hero 71-06-TCS41-031905-2
105425 Hero 71-06-TCM46-031905-1
105426 Hero 71-06-TCM46-031905-1
105427 Hero 71-06-TCM46-031905-1
105428 Hero 71-06-TCM46-031905-2
105429 Hero 71-06-TCM46-031905-2
105430 Hero 71-06-TCM46-031905-2
105431 Hero 71-06-MBS-031905-1
105432 Hero 71-06-MBS-031905-1
105433 Hero 71-06-MBS-031905-1
105434 Hero 71-06-MBS-031905-2

01-01948-280 Appendix B - study database.xIs

Sample Date

2/1/2005 102
2/1/2005 139
2/1/2005 102
2/1/2005 207
2/1/2005 182
2/1/2005 139
2/1/2005 207
2/1/2005 136
2/1/2005 208
2/1/2005 207
2/1/2005 207
2/1/2005 92
2/1/2005 207
2/1/2005 211
2/1/2005 207
3/19/2005 82
3/19/2005 216
3/19/2005 216
3/19/2005 35
3/19/2005 200
3/19/2005 200
3/19/2005 145
3/19/2005 53
3/19/2005 113
3/19/2005 218
3/19/2005 186
3/19/2005 133
3/19/2005 82
3/19/2005 212
3/19/2005 72
3/19/2005 212
3/19/2005 144
3/19/2005 212
3/19/2005 174
3/19/2005 169
3/19/2005 37
3/19/2005 137
3/19/2005 136
3/19/2005 197
3/19/2005 207
3/19/2005 52
3/19/2005 52
3/19/2005 24
3/19/2005 79
3/19/2005 199
3/19/2005 147
3/19/2005 89
3/19/2005 71
3/19/2005 10
3/19/2005 57
3/19/2005 236
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Resident/T Note

dog
avian
dog
raccoon
avian
avian
raccoon
avian
dog
raccoon
raccoon
avian
raccoon
avian
raccoon
raccoon
avian
avian
rodent
rodent
rodent
rodent
beaver
avian
feline
raccoon
avian
raccoon
avian
avian
avian
raccoon
avian
avian
avian
opossum
dog
avian

u
raccoon
goose
goose
avian
avian
avian
rodent
avian
avian
avian
avian

u

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
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157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

match database

Provider Sample .

105435 Hero 71-06-MBS-031905-2
105436 Hero 71-06-MBS-031905-2
105437 Hero 71-06-MBN-031905-1
105438 Hero 71-06-MBN-031905-1
105439 Hero 71-06-MBN-031905-1
105440 Hero 71-06-MBN-031905-2
105441 Hero 71-06-MBN-031905-2
105442 Hero 71-06-MBN-031905-2
105443 Hero 71-06-MBN-031905-2
105521 Hero 71-11-TCN64-032605-1
105522 Hero 71-11-TCN64-032605-1
105523 Hero 71-11-TCN64-032605-1
105524 Hero 71-11-TCS40-032605-1
105525 Hero 71-11-TCS40-032605-1
105526 Hero 71-11-TCS40-032605-1
105527 Hero 71-11-TCN33-032605-1
105528 Hero 71-11-TCN33-032605-1
105529 Hero 71-11-TCN33-032605-1
105530 Hero 71-11-TCS41-032605-1
105531 Hero 71-11-TCS41-032605-1
105532 Hero 71-11-TCS41-032605-1
105533 Hero 71-11-TCM46-032605-1
105534 Hero 71-11-TCM46-032605-1
105535 Hero 71-11-TCM46-032605-1
105536 Hero 71-11-MBS-032605-1
105537 Hero 71-11-MBS-032605-1
105538 Hero 71-11-MBS-032605-1
105539 Hero 71-11-MBN-032605-1
105540 Hero 71-11-MBN-032605-1
105541 Hero 71-11-MBN-032605-1
105542 Hero 71-11-MBN-032605-1
105546 Hero 71-13-TCN64-040105-1
105547 Hero 71-13-TCN64-040105-1
105548 Hero 71-13-TCN64-040105-1
105549 Hero 71-13-TCN64-040105-1
105550 Hero 71-13-TCN64-040105-1
105551 Hero 71-13-TCS40-040105-1
105552 Hero 71-13-TCS40-040105-1
105553 Hero 71-13-TCS40-040105-1
105554 Hero 71-13-TCS40-040105-2
105555 Hero 71-13-TCS40-040105-2
105556 Hero 71-13-TCS40-040105-2
105557 Hero 71-13-TCS41-040105-1
105558 Hero 71-13-TCS41-040105-1
105559 Hero 71-13-TCS41-040105-1
105560 Hero 71-13-TCS41-040105-2
105561 Hero 71-13-TCS41-040105-2
105562 Hero 71-13-TCS41-040105-2
105563 Hero 71-13-TCS41-040105-2
105564 Hero 71-13-TCN33-040105-1
105565 Hero 71-13-TCN33-040105-1

01-01948-280 Appendix B - study database.xIs

Sample Date

3/19/2005 207
3/19/2005 207
3/19/2005 35
3/19/2005 139
3/19/2005 51
3/19/2005 154
3/19/2005 154
3/19/2005 26
3/19/2005 136
3/26/2005 9
3/26/2005 35
3/26/2005 145
3/26/2005 104
3/26/2005 154
3/26/2005 2
3/26/2005 183
3/26/2005 134
3/26/2005 138
3/26/2005 40
3/26/2005 162
3/26/2005 17
3/26/2005 165
3/26/2005 18
3/26/2005 165
3/26/2005 207
3/26/2005 36
3/26/2005 36
3/26/2005 173
3/26/2005 36
3/26/2005 36
3/26/2005 207
4/1/2005 35
4/1/2005 35
4/1/2005 35
4/1/2005 96
4/1/2005 35
4/1/2005 154
4/1/2005 3
4/1/2005 35
4/1/2005 93
4/1/2005 52
4/1/2005 210
4/1/2005 182
4/1/2005 10
4/1/2005 32
4/1/2005 51
4/1/2005 51
4/1/2005 185
4/1/2005 170
4/1/2005 35
4/1/2005

Page 3 of 17

Resident/T Note

raccoon
raccoon
rodent
avian
avian
rodent
rodent
raccoon
avian
dog
rodent
rodent
avian
rodent
canine
avian
raccoon
dog
dog
avian
rodent
avian
avian
avian
raccoon
feline
feline
avian
feline
feline
raccoon
rodent
rodent
rodent
avian
rodent
rodent
canine
rodent
avian
goose
goose
avian
avian
dog
avian
avian
dog
dog
rodent
avian

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
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157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

match database

Provider Sample .

105566 Hero 71-13-TCN33-040105-2
105567 Hero 71-13-TCM46-040105-1
105568 Hero 71-13-TCM46-040105-1
105569 Hero 71-13-TCM46-040105-1
105570 Hero 71-13-TCM46-040105-2
105571 Hero 71-13-TCM46-040105-2
105572 Hero 71-13-TCM46-040105-2
105573 Hero 71-13-MBS-040105-1
105574 Hero 71-13-MBS-040105-1
105575 Hero 71-13-MBS-040105-1
105576 Hero 71-13-MBS-040105-2
105577 Hero 71-13-MBS-040105-2
105578 Hero 71-13-MBS-040105-2
105579 Hero 71-13-MBN-040105-1
105580 Hero 71-13-MBN-040105-1
105581 Hero 71-13-MBN-040105-1
105582 Hero 71-13-MBN-040105-1
105583 Hero 71-13-MBN-040105-2
105584 Hero 71-13-MBN-040105-2
105585 Hero 71-13-MBN-040105-2
105818 Hero 71-16 TCN64-041605-1
105819 Hero 71-16 TCS41-041605-1
105820 Hero 71-16 TCS41-041605-1
105821 Hero 71-16 TCS41-041605-1
105822 Hero 71-16 TCS41-041605-1
105823 Hero 71-16 TCS41-041605-1
105824 Hero 71-16 TCS41-041605-1
105825 Hero 71-16 TCN33-041605-1
105826 Hero 71-16 TCN33-041605-1
105827 Hero 71-16 TCN33-041605-1
105828 Hero 71-16 TCN33-041605-1
105829 Hero 71-16 TCM46-041605-1
105830 Hero 71-16 TCM46-041605-1
105831 Hero 71-16 TCM46-041605-1
105832 Hero 71-16 TCM46-041605-1
105833 Hero 71-16 TCM46-041605-1
105834 Hero 71-16 MBS-041605-1
105835 Hero 71-16 MBS-041605-1
105836 Hero 71-16 MBS-041605-1
105837 Hero 71-16 MBN-041605-1
105838 Hero 71-16 MBN-041605-1
105839 Hero 71-16 MBN-041605-1
105840 Hero 71-20 TCM46-041905-1
105841 Hero 71-20 TCM46-041905-1
105842 Hero 71-20 TCM46-041905-1
105843 Hero 71-20 TCM46-041905-1
105844 Hero 71-20 TCM46-041905-2
105845 Hero 71-20 TCM46-041905-2
105846 Hero 71-20 TCM46-041905-2
105847 Hero 71-20 TCM46-041905-3
105848 Hero 71-20 TCM46-041905-3

01-01948-280 Appendix B - study database.xIs

Sample Date

Resident/T Note
4/1/2005 avian
4/1/2005 212 avian
4/1/2005 92 avian
4/1/2005 27 rodent
4/1/2005 35 rodent
4/1/2005 169 avian
4/1/2005 avian
4/1/2005 38 avian
4/1/2005 212 avian
4/1/2005 38 dog
4/1/2005 212 avian
4/1/2005 212 avian
4/1/2005 212 avian
4/1/2005 169 avian
4/1/2005 49 avian
4/1/2005 49 avian
4/1/2005 136 avian
4/1/2005 152 goose
4/1/2005 147 rodent
4/1/2005 169 avian
4/16/2005 19 dog
4/16/2005 avian
4/16/2005 3 canine
4/16/2005 3 canine
4/16/2005 69 goose
4/16/2005 193 squirrel
4/16/2005 207 raccoon
4/16/2005 233 avian
4/16/2005 207 raccoon
4/16/2005 157 dog
4/16/2005 136 avian
4/16/2005 26 raccoon
4/16/2005 237 raccoon
4/16/2005 82 raccoon
4/16/2005 212 avian
4/16/2005 avian
4/16/2005 35 rodent
4/16/2005 35 rodent
4/16/2005 35 rodent
4/16/2005 114 goose
4/16/2005 101 raccoon
4/16/2005 66 u
4/19/2005 223 sewage
4/19/2005 223 sewage
4/19/2005 92 avian
4/19/2005 92 avian
4/19/2005 10 avian
4/19/2005 136 avian
4/19/2005 168 canine
4/19/2005 212 avian
4/19/2005 223 sewage
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Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
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Isolate .

Provider Sample .

105849 Hero 71-20 TCM46-041905-3
105850 Hero 71-20 MBS-041905-1
105851 Hero 71-20 MBS-041905-1
105852 Hero 71-20 MBS-041905-1
105853 Hero 71-20 MBS-041905-2
105854 Hero 71-20 MBS-041905-2
105855 Hero 71-20 MBS-041905-2
105856 Hero 71-20 MBS-041905-3
105857 Hero 71-20 MBS-041905-3
105858 Hero 71-20 MBS-041905-3
105859 Hero 71-20 MBN-041905-1
105860 Hero 71-20 MBN-041905-1
105861 Hero 71-20 MBN-041905-1
105862 Hero 71-20 MBN-041905-1
105863 Hero 71-20 MBN-041905-2
105864 Hero 71-20 MBN-041905-2
105865 Hero 71-20 MBN-041905-2
105866 Hero 71-20 MBN-041905-2
105867 Hero 71-20 MBN-041905-2
105868 Hero 71-20 MBN-041905-3
105869 Hero 71-20 MBN-041905-3
105973 Hero 71-20 TCS41-041905-1
105974 Hero 71-20 TCS41-041905-1
105975 Hero 71-20 TCS41-041905-2
105976 Hero 71-20 TCS41-041905-2
105977 Hero 71-20 TCS41-041905-3
105978 Hero 71-20 TCS41-041905-3
105979 Hero 71-20 TCS41-041905-3
105980 Hero 71-20 TCN33-041905-1
105981 Hero 71-20 TCN33-041905-1
105982 Hero 71-20 TCN33-041905-1
105983 Hero 71-20 TCN33-041905-1
105984 Hero 71-20 TCN33-041905-2
105985 Hero 71-20 TCN33-041905-2
105986 Hero 71-20 TCN33-041905-3
105987 Hero 71-20 TCN33-041905-3
105988 Hero 71-20 TCN33-041905-3
105989 Hero 71-20 TCN64-041905-1
105990 Hero 71-20 TCN64-041905-1
105991 Hero 71-20 TCN64-041905-1
105992 Hero 71-20 TCN64-041905-2
105993 Hero 71-20 TCN64-041905-2
105994 Hero 71-20 TCN64-041905-2
105995 Hero 71-20 TCN64-041905-2
105996 Hero 71-20 TCN64-041905-3
105997 Hero 71-20 TCN64-041905-3
105998 Hero 71-20 TCS40-041905-1
105999 Hero 71-20 TCS40-041905-1
106000 Hero 71-20 TCS40-041905-2
106001 Hero 71-20 TCS40-041905-2
106002 Hero 71-20 TCS40-041905-2

01-01948-280 Appendix B - study database.xIs

Sample Date

match database

4/19/2005 92
4/19/2005 56
4/19/2005 78
4/19/2005 207
4/19/2005 119
4/19/2005 35
4/19/2005 75
4/19/2005 83
4/19/2005 92
4/19/2005 207
4/19/2005 225
4/19/2005 211
4/19/2005 211
4/19/2005 30
4/19/2005 211
4/19/2005 211
4/19/2005 30
4/19/2005 211
4/19/2005 207
4/19/2005 211
4/19/2005 225
4/19/2005 26
4/19/2005 101
4/19/2005 220
4/19/2005 231
4/19/2005 35
4/19/2005 35
4/19/2005 136
4/19/2005 149
4/19/2005 149
4/19/2005 84
4/19/2005 149
4/19/2005 70
4/19/2005 220
4/19/2005 70
4/19/2005 44
4/19/2005 70
4/19/2005 207
4/19/2005 216
4/19/2005 207
4/19/2005 207
4/19/2005 207
4/19/2005 207
4/19/2005 226
4/19/2005 216
4/19/2005 207
4/19/2005 121
4/19/2005 121
4/19/2005
4/19/2005
4/19/2005
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Resident/T Note

avian
dog
raccoon
raccoon
avian
rodent
duck
rodent
avian
raccoon
dog
avian
avian
avian
avian
avian
avian
avian
raccoon
avian
dog
raccoon
raccoon
avian
avian
rodent
rodent
avian
dog
dog
goose
dog
sewage
avian
sewage
raccoon
sewage
raccoon
avian
raccoon
raccoon
raccoon
raccoon
raccoon
avian
raccoon
avian
avian
avian
avian
avian

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .  Provider Sample .
106003 Hero 71-20 TCS40-041905-2
106004 Hero 71-20 TCS40-041905-2
106005 Hero 71-20 TCS40-041905-3
106006 Hero 71-20 TCS40-041905-3
106007 Hero 71-20 TCS40-041905-3
106008 Hero 71-20 TCS40-041905-3
106009 Hero 71-20 TCS40-041905-3
106529 TCN64-051805-1
106530 TCN64-051805-1
106531 TCN64-051805-1
106532 TCN64-051805-2
106533 TCN64-051805-2
106534 TCN64-051805-2
106535 TCN64-051805-3
106536 TCN64-051805-3
106537 TCN64-051805-3
106538 TCS40-051805-1
106539 TCS40-051805-1
106540 TCS40-051805-1
106541 TCS40-051805-1
106542 TCS40-051805-2
106543 TCS40-051805-2
106544 TCS40-051805-2
106545 TCS40-051805-3
106546 TCS40-051805-3
106547 TCS40-051805-3
106548 TCN33-051805-1
106549 TCN33-051805-1
106550 TCN33-051805-1
106551 TCN33-051805-2
106552 TCN33-051805-2
106553 TCN33-051805-2
106554 TCN33-051805-3
106555 TCN33-051805-3
106556 TCN33-051805-3
106557 TCS41-051805-1
106558 TCS41-051805-1
106559 TCS41-051805-1
106560 TCS41-051805-2
106561 TCS41-051805-2
106562 TCS41-051805-2
106563 TCS41-051805-2
106564 TCS41-051805-3
106565 TCS41-051805-3
106566 TCS41-051805-3
106567 TCM46-051805-1
106568 TCM46-051805-1
106569 TCM46-051805-1
106570 TCM46-051805-2
106571 TCM46-051805-2
106572 TCM46-051805-2

01-01948-280 Appendix B - study database.xIs

match database

Sample Date Resident/T Note
4/19/2005 121 avian
4/19/2005 avian
4/19/2005 121 avian
4/19/2005 121 avian
4/19/2005 121 avian
4/19/2005 134 raccoon
4/19/2005 121 avian
5/18/2005 58 goose
5/18/2005 58 goose
5/18/2005 85 duck
5/18/2005 207 raccoon
5/18/2005 21 u
5/18/2005 189 avian
5/18/2005 171 rodent
5/18/2005 29 rodent
5/18/2005 181 avian
5/18/2005 17 rodent
5/18/2005 37 opossum
5/18/2005 145 rodent
5/18/2005 145 rodent
5/18/2005 145 rodent
5/18/2005 45 u
5/18/2005 145 rodent
5/18/2005 35 rodent
5/18/2005 145 rodent
5/18/2005 35 rodent
5/18/2005 238 u
5/18/2005 92 avian
5/18/2005 79 avian
5/18/2005 11 avian
5/18/2005 57 avian
5/18/2005 18 avian
5/18/2005 161 avian
5/18/2005 57 avian
5/18/2005 140 dog
5/18/2005 130 avian
5/18/2005 187 canine
5/18/2005 192 squirrel
5/18/2005 17 rodent
5/18/2005 17 rodent
5/18/2005 207 raccoon
5/18/2005 35 rodent
5/18/2005 26 raccoon
5/18/2005 233 avian
5/18/2005 188 avian
5/18/2005 avian
5/18/2005 231 avian
5/18/2005 56 dog
5/18/2005 dog
5/18/2005 46 duck
5/18/2005 139 avian
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Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

Provider Sample .
106573 TCM46-051805-3
106574 TCM46-051805-3
106575 TCM46-051805-3
106576 MBS-051805-1
106577 MBS-051805-1
106578 MBS-051805-1
106579 MBS-051805-2
106580 MBS-051805-2
106581 MBS-051805-2
106582 MBS-051805-2
106583 MBS-051805-3
106584 MBS-051805-3
106585 MBS-051805-3
106586 MBN -051805-1
106587 MBN -051805-1
106588 MBN -051805-1
106589 MBN -051805-2
106590 MBN -051805-2
106591 MBN -051805-2
106592 MBN -051805-3
106593 MBN -051805-3
106594 MBN -051805-3
107271 TCN64-062905-1
107272 TCN64-062905-1
107273 TCN64-062905-2
107274 TCN64-062905-2
107275 TCN64-062905-2
107276 TCN64-062905-3
107277 TCN64-062905-3
107278 TCN64-062905-3
107279 TCS40-062905-1
107280 TCS40-062905-1
107281 TCS40-062905-1
107282 TCS40-062905-1
107283 TCS40-062905-2
107284 TCS40-062905-2
107285 TCS40-062905-2
107286 TCS40-062905-3
107287 TCS40-062905-3
107288 TCS40-062905-3
107289 TCN33-062905-1
107290 TCN33-062905-1
107291 TCN33-062905-1
107292 TCN33-062905-2
107293 TCN33-062905-2
107294 TCN33-062905-2
107295 TCN33-062905-3
107296 TCN33-062905-3
107297 TCN33-062905-3
107298 TCS41-062905-1
107299 TCS41-062905-1

01-01948-280 Appendix B - study database.xIs

match database

Sample Date
5/18/2005 83
5/18/2005 141
5/18/2005 231
5/18/2005 89
5/18/2005 89
5/18/2005 89
5/18/2005 35
5/18/2005 42
5/18/2005 35
5/18/2005 62
5/18/2005 203
5/18/2005 207
5/18/2005 202
5/18/2005 89
5/18/2005 230
5/18/2005 221
5/18/2005 117
5/18/2005 31
5/18/2005 35
5/18/2005 35
5/18/2005 1
5/18/2005 207
6/29/2005 61
6/29/2005 1
6/29/2005 207
6/29/2005 60
6/29/2005 92
6/29/2005 59
6/29/2005 58
6/29/2005 58
6/29/2005 124
6/29/2005 124
6/29/2005 124
6/29/2005 176
6/29/2005 125
6/29/2005 89
6/29/2005 176
6/29/2005 64
6/29/2005 125
6/29/2005 63
6/29/2005 36
6/29/2005 44
6/29/2005 128
6/29/2005 151
6/29/2005 43
6/29/2005 158
6/29/2005 156
6/29/2005 150
6/29/2005 4
6/29/2005 212
6/29/2005 231
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Resident/T Note

rodent
dog
avian
avian
avian
avian
rodent
dog
rodent
opossum
rodent
raccoon
rodent
avian

u

avian

u

dog
rodent
rodent
avian
raccoon
sewage
avian
raccoon
goose
avian
goose
goose
goose
human
human
human
canine
u

avian
canine
rodent
u
goose
feline
raccoon
avian
sewage
avian
dog
dog
sewage
u

avian
avian

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

Provider Sample .
107300 TCS41-062905-1
107301 TCS41-062905-1
107302 TCS41-062905-2
107303 TCS41-062905-2
107304 TCS41-062905-2
107305 TCS41-062905-3
107306 TCS41-062905-3
107307 TCS41-062905-3
107308 TCM46-062905-1
107309 TCM46-062905-1
107310 TCM46-062905-1
107311 TCM46-062905-2
107312 TCM46-062905-2
107313 TCM46-062905-2
107314 TCM46-062905-3
107315 TCM46-062905-3
107316 TCM46-062905-3
107317 MBS-062905-1
107318 MBS-062905-1
107319 MBS-062905-1
107320 MBS-062905-2
107321 MBS-062905-2
107322 MBS-062905-2
107323 MBS-062905-2
107324 MBS-062905-3
107325 MBS-062905-3
107326 MBS-062905-3
107327 MBN-062905-1
107328 MBN-062905-1
107329 MBN-062905-1
107330 MBN-062905-2
107331 MBN-062905-3
107332 MBN-062905-2
107333 MBN-062905-2
107334 MBN-062905-2
107335 MBN-062905-2
108640 TCN64-081605-1
108641 TCN64-081605-1
108642 TCN64-081605-1
108643 TCN64-081605-1
108644 TCN64-081605-2
108645 TCN64-081605-2
108646 TCN64-081605-2
108647 TCN64-081605-3
108648 TCN64-081605-3
108649 TCN64-081605-3
108650 TCS40-081605-1
108651 TCS40-081605-1
108652 TCS40-081605-1
108653 TCS40-081605-2
108654 TCS40-081605-2

01-01948-280 Appendix B - study database.xIs

match database

Sample Date
6/29/2005 44
6/29/2005 44
6/29/2005 30
6/29/2005 48
6/29/2005 232
6/29/2005 153
6/29/2005 10
6/29/2005 13
6/29/2005
6/29/2005 231
6/29/2005 228
6/29/2005 10
6/29/2005 186
6/29/2005 186
6/29/2005 186
6/29/2005 186
6/29/2005 186
6/29/2005 30
6/29/2005 41
6/29/2005 230
6/29/2005 89
6/29/2005 89
6/29/2005 145
6/29/2005 79
6/29/2005 231
6/29/2005 35
6/29/2005 231
6/29/2005 39
6/29/2005 35
6/29/2005 35
6/29/2005 231
6/29/2005 35
6/29/2005 17
6/29/2005 76
6/29/2005 216
6/29/2005 191
8/16/2005 207
8/16/2005 207
8/16/2005 146
8/16/2005 231
8/16/2005 207
8/16/2005 68
8/16/2005 29
8/16/2005 119
8/16/2005 136
8/16/2005 106
8/16/2005 207
8/16/2005 207
8/16/2005 207
8/16/2005 207
8/16/2005 62
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Resident/T Note

raccoon
raccoon
avian
canine
dog
goose
avian
dog
dog
dog
avian
avian
raccoon
raccoon
raccoon
raccoon
raccoon
avian
squirrel
u

avian
avian
rodent
avian
avian
rodent
avian
avian
rodent
rodent
avian
rodent
rodent
dog
avian
avian
raccoon
raccoon
avian
dog
raccoon
rodent
rodent
avian
avian
canine
raccoon
raccoon
raccoon
raccoon
opossum

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

Provider Sample .
108655 TCS40-081605-2
108656 TCS40-081605-3
108657 TCS40-081605-3
108658 TCS40-081605-3
108659 TCN33-081605-1
108660 TCN33-081605-1
108661 TCN33-081605-1
108662 TCN33-081605-1
108663 TCN33-081605-2
108664 TCN33-081605-2
108665 TCN33-081605-2
108666 TCN33-081605-3
108667 TCN33-081605-3
108668 TCN33-081605-3
108669 TCS41-081605-1
108670 TCS41-081605-1
108671 TCS41-081605-1
108672 TCS41-081605-2
108673 TCS41-081605-2
108674 TCS41-081605-2
108675 TCS41-081605-3
108676 TCS41-081605-3
108677 TCS41-081605-3
108678 TCM46-081605-1
108679 TCM46-081605-1
108680 TCM46-081605-1
108681 TCM46-081605-1
108682 TCM46-081605-2
108683 TCM46-081605-2
108684 TCM46-081605-2
108685 TCM46-081605-3
108686 TCM46-081605-3
108687 TCM46-081605-3
108688 MBS-081605-1
108689 MBS-081605-1
108690 MBS-081605-1
108691 MBS-081605-2
108692 MBS-081605-2
108693 MBS-081605-2
108694 MBS-081605-3
108695 MBS-081605-3
108696 MBS-081605-3
108697 MBN-081605-1
108698 MBN-081605-1
108699 MBN-081605-1
108700 MBN-081605-2
108701 MBN-081605-2
108702 MBN-081605-2
108703 MBN-081605-2
108704 MBN-081605-3
108705 MBN-081605-3

01-01948-280 Appendix B - study database.xIs

match database

Sample Date
8/16/2005 112
8/16/2005 207
8/16/2005 207
8/16/2005 207
8/16/2005 231
8/16/2005 6
8/16/2005 6
8/16/2005 29
8/16/2005 30
8/16/2005 29
8/16/2005 20
8/16/2005 231
8/16/2005 17
8/16/2005 30
8/16/2005 216
8/16/2005 159
8/16/2005 92
8/16/2005 26
8/16/2005 30
8/16/2005 30
8/16/2005 207
8/16/2005 10
8/16/2005 68
8/16/2005 136
8/16/2005 231
8/16/2005 160
8/16/2005 160
8/16/2005 136
8/16/2005 136
8/16/2005 35
8/16/2005 231
8/16/2005 1
8/16/2005 136
8/16/2005 231
8/16/2005 44
8/16/2005 241
8/16/2005 231
8/16/2005
8/16/2005 171
8/16/2005 207
8/16/2005 35
8/16/2005 231
8/16/2005 89
8/16/2005 89
8/16/2005 26
8/16/2005 95
8/16/2005 95
8/16/2005 35
8/16/2005 44
8/16/2005 139
8/16/2005 1
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Resident/T Note

dog
raccoon
raccoon
raccoon
avian
raccoon
raccoon
rodent
avian
rodent
raccoon
avian
rodent
avian
avian
avian
avian
raccoon
avian
avian
raccoon
avian
rodent
avian
avian

u

u

avian
avian
rodent
avian
avian
avian
avian
raccoon
avian
dog
dog
rodent
raccoon
rodent
dog
avian
avian
raccoon
u

u
rodent
avian
avian
avian

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

Provider Sample .
108706 MBN-081605-3
108707 MBN-081605-3
109854 TCM46-090705-15
109855 TCM46-090705-15
109856 TCM46-090705-15
109857 TCM46-090705-15
109858 TCM46-090705-15
109859 TCM46-090705-25
109860 TCM46-090705-25
109861 TCM46-090705-25
109862 TCM46-090705-25
109863 TCM46-090705-25
109864 TCM46-090705-25
109865 TCM46-090705-35
109866 TCM46-090705-35
109867 TCM46-090705-35
109868 TCM46-090705-35
109869 TCM46-090705-35
109870 MBS-090705-15
109871 MBS-090705-15
109872 MBS-090705-15
109873 MBS-090705-15
109874 MBS-090705-15
109875 MBS-090705-25
109876 MBS-090705-25
109877 MBS-090705-25
109878 MBS-090705-25
109879 MBS-090705-25
109880 MBS-090705-35
109881 MBS-090705-35
109882 MBS-090705-35
109883 MBS-090705-35
109884 MBS-090705-35
109885 MBS-090705-35
109886 MBN-090705-15
109887 MBN-090705-15
109888 MBN-090705-15
109889 MBN-090705-15
109890 MBN-090705-15
109891 MBN-090705-25
109892 MBN-090705-25
109893 MBN-090705-25
109894 MBN-090705-25
109895 MBN-090705-25
109896 MBN-090705-35
109897 MBN-090705-35
109898 MBN-090705-35
109899 MBN-090705-35
109900 MBN-090705-35
109901 MBN-090705-35
109902 MBN-090705-35

01-01948-280 Appendix B - study database.xIs

match database

Sample Date
8/16/2005 212
8/16/2005 207

9/7/2005 79
9/7/2005 17
9/7/2005 30
9/7/2005 88
9/7/2005 17
9/7/2005 154
9/7/2005 139
9/7/2005 139
9/7/2005 198
9/7/2005 154
9/7/2005 139
9/7/2005 116
9/7/2005 154
9/7/2005 195
9/7/2005 215
9/7/2005 195
9/7/2005 229
9/7/2005 17
9/7/2005 17
9/7/2005 18
9/7/2005 30
9/7/2005 92
9/7/2005 126
9/7/2005 10
9/7/2005 1
9/7/2005 30
9/7/2005 229
9/7/2005 229
9/7/2005 7
9/7/2005 35
9/7/2005 35
9/7/2005 229
9/7/2005 14
9/7/2005 105
9/7/2005 30
9/7/2005 10
9/7/2005 10
9/7/2005 35
9/7/2005 44
9/7/2005 92
9/7/2005 136
9/7/2005 10
9/7/2005 30
9/7/2005 30
9/7/2005 26
9/7/2005 30
9/7/2005 30
9/7/2005 30
9/7/2005 30
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Resident/T Note

avian
raccoon
avian
rodent
avian
u
rodent
rodent
avian
avian
u
rodent
avian
dog
rodent
avian
avian
avian
u
rodent
rodent
avian
avian
avian
sewage
avian
avian
avian
u

u

u
rodent
rodent
u
opossum
avian
avian
avian
avian
rodent
raccoon
avian
avian
avian
avian
avian
raccoon
avian
avian
avian
avian

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

Provider Sample .
110491 TCN64-100205-1
110492 TCN64-100205-1
110493 TCN64-100205-1
110494 TCN64-100205-2
110495 TCN64-100205-2
110496 TCN64-100205-2
110497 TCN64-100205-3
110498 TCN64-100205-3
110499 TCN64-100205-3
110500 TCS40-100205-1
110501 TCS40-100205-1
110502 TCS40-100205-1
110503 TCS40-100205-1
110504 TCS40-100205-2
110505 TCS40-100205-2
110506 TCS40-100205-2
110507 TCS40-100205-3
110508 TCS40-100205-3
110509 TCS40-100205-3
110510 TCN33-100205-1
110511 TCN33-100205-1
110512 TCN33-100205-1
110513 TCN33-100205-2
110514 TCN33-100205-2
110515 TCN33-100205-2
110516 TCN33-100205-3
110517 TCN33-100205-3
110518 TCN33-100205-3
110519 TCS41-100205-1
110520 TCS41-100205-1
110521 TCS41-100205-1
110522 TCS41-100205-1
110523 TCS41-100205-2
110524 TCS41-100205-2
110525 TCS41-100205-2
110526 TCS41-100205-3
110527 TCS41-100205-3
110528 TCS41-100205-3
110529 TCM46-100205-1
110530 TCM46-100205-1
110531 TCM46-100205-1
110532 TCM46-100205-2
110533 TCM46-100205-2
110534 TCM46-100205-2
110535 TCM46-100205-3
110536 TCM46-100205-3
110537 TCM46-100205-3
110538 MBS-100205-1

110539 MBS-100205-1

110540 MBS-100205-1

110541 MBS-100205-1

01-01948-280 Appendix B - study database.xIs

match database

Sample Date
10/2/2005 16
10/2/2005 79
10/2/2005 17
10/2/2005 136
10/2/2005 52
10/2/2005 92
10/2/2005 17
10/2/2005 226
10/2/2005 17
10/2/2005 18
10/2/2005 18
10/2/2005 50
10/2/2005 145
10/2/2005 111
10/2/2005 89
10/2/2005 126
10/2/2005 18
10/2/2005 79
10/2/2005 52
10/2/2005 1
10/2/2005 182
10/2/2005 35
10/2/2005 154
10/2/2005 18
10/2/2005 212
10/2/2005 80
10/2/2005 216
10/2/2005 86
10/2/2005 136
10/2/2005 92
10/2/2005 92
10/2/2005 231
10/2/2005 49
10/2/2005 10
10/2/2005 210
10/2/2005 35
10/2/2005 143
10/2/2005 224
10/2/2005 154
10/2/2005 62
10/2/2005 62
10/2/2005 10
10/2/2005 52
10/2/2005 52
10/2/2005 15
10/2/2005 10
10/2/2005 216
10/2/2005 17
10/2/2005 23
10/2/2005 22
10/2/2005 22
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u
avian
rodent
avian
goose
avian
rodent
raccoon
rodent
avian
avian
avian
rodent
u

avian
sewage
avian
avian
goose
avian
avian
rodent
rodent
avian
avian

u

avian
sewage
avian
avian
avian
avian
avian
avian
goose
rodent
rodent
rodent
rodent
opossum
opossum
avian
goose
goose
u

avian
avian
rodent
duck

u

u

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

Provider Sample .
110542 MBS-100205-2

110543 MBS-100205-2

110544 MBS-100205-2

110545 MBS-100205-3

110546 MBS-100205-3

110547 MBS-100205-3

110548 MBN-100205-1

110549 MBN-100205-1

110550 MBN-100205-1

110551 MBN-100205-2

110552 MBN-100205-2

110553 MBN-100205-2

110554 MBN-100205-3

110555 MBN-100205-3

110556 MBN-100205-3

110616 TCN64-102505-1
110617 TCN64-102505-1
110618 TCN64-102505-1
110619 TCN64-102505-2
110620 TCN64-102505-2
110621 TCN64-102505-2
110622 TCN64-102505-2
110623 TCN64-102505-3
110624 TCN64-102505-3
110625 TCN64-102505-3
110626 TCS40-102505-1
110627 TCS40-102505-1
110628 TCS40-102505-1
110629 TCS40-102505-2
110630 TCS40-102505-2
110631 TCS40-102505-2
110632 TCS40-102505-3
110633 TCS40-102505-3
110634 TCS40-102505-3
110635 TCN33-102505-1
110636 TCN33-102505-1
110637 TCN33-102505-1
110638 TCN33-102505-2
110639 TCN33-102505-2
110640 TCN33-102505-2
110641 TCN33-102505-2
110642 TCN33-102505-3
110643 TCN33-102505-3
110644 TCN33-102505-3
110645 TCS41-102505-1
110646 TCS41-102505-1
110647 TCS41-102505-1
110648 TCS41-102505-2
110649 TCS41-102505-2
110650 TCS41-102505-2
110651 TCS41-102505-3

01-01948-280 Appendix B - study database.xIs

match database

Sample Date
10/2/2005 33
10/2/2005 90
10/2/2005 190
10/2/2005 145
10/2/2005 145
10/2/2005 35
10/2/2005 10
10/2/2005 204
10/2/2005 123
10/2/2005 35
10/2/2005 77
10/2/2005 240
10/2/2005 133
10/2/2005 92
10/2/2005 77

10/25/2005 177
10/25/2005 92
10/25/2005 92
10/25/2005 154
10/25/2005 92
10/25/2005 92
10/25/2005 92
10/25/2005 177
10/25/2005 92
10/25/2005 92
10/25/2005 120
10/25/2005 139
10/25/2005 10
10/25/2005 120
10/25/2005 127
10/25/2005 120
10/25/2005 154
10/25/2005 154
10/25/2005 127
10/25/2005 87
10/25/2005 149
10/25/2005 149
10/25/2005 149
10/25/2005 17
10/25/2005 149
10/25/2005 149
10/25/2005 154
10/25/2005 8
10/25/2005 107
10/25/2005 5
10/25/2005 190
10/25/2005 5
10/25/2005 92
10/25/2005 92
10/25/2005 92
10/25/2005 212
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avian
goose
avian
rodent
rodent
rodent
avian
sewage
u
rodent
u

u
avian
avian
u
avian
avian
avian
rodent
avian
avian
avian
avian
avian
avian
dog
avian
avian
dog
sewage
dog
rodent
rodent
sewage
dog
dog
dog
dog
rodent
dog
dog
rodent
raccoon
raccoon
duck
rodent
duck
avian
avian
avian
avian

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

Provider Sample .
110652 TCS41-102505-3
110653 TCS41-102505-3
110654 TCM46-102505-1
110655 TCM46-102505-1
110656 TCM46-102505-1
110657 TCM46-102505-2
110658 TCM46-102505-2
110659 TCM46-102505-2
110660 TCM46-102505-3
110661 TCM46-102505-3
110662 TCM46-102505-3
110663 TCM46-102505-3
110664 MBS-102505-1
110665 MBS-102505-1
110666 MBS-102505-1
110667 MBS-102505-2
110668 MBS-102505-2
110669 MBS-102505-2
110670 MBS-102505-3
110671 MBS-102505-3
110672 MBS-102505-3
110673 MBN-102505-1
110674 MBN-102505-1
110675 MBN-102505-1
110676 MBN-102505-2
110677 MBN-102505-2
110678 MBN-102505-2
110679 MBN-102505-3
110680 MBN-102505-3
110681 MBN-102505-3
110682 MBN-102505-3
110683 MBP-102505-1
110684 MBP-102505-1
110685 MBP-102505-1
110755 TCS40-102805-1
110756 TCS40-102805-1
110757 TCS40-102805-1
110758 TCN64-102805-1
110759 TCN64-102805-1
110760 TCN64-102805-1
110761 TCN64-102805-1
110762 TCN33-102805-1
110763 TCN33-102805-1
110764 TCN33-102805-1
110765 TCS41-102805-1
110766 TCS41-102805-1
110767 TCS41-102805-1
110768 TCM46-102805-1
110769 TCM46-102805-1
110770 TCM46-102805-1
110771 MBS-102805-1

01-01948-280 Appendix B - study database.xIs

match database

Sample Date
10/25/2005 52
10/25/2005 212
10/25/2005 17
10/25/2005 83
10/25/2005 50
10/25/2005 50
10/25/2005 35
10/25/2005 17
10/25/2005 94
10/25/2005 94
10/25/2005 44
10/25/2005 92
10/25/2005 35
10/25/2005 219
10/25/2005 92
10/25/2005 92
10/25/2005 92
10/25/2005 92
10/25/2005 92
10/25/2005 207
10/25/2005 207
10/25/2005 231
10/25/2005 201
10/25/2005 83
10/25/2005 139
10/25/2005 35
10/25/2005 10
10/25/2005 47
10/25/2005 139
10/25/2005 139
10/25/2005 9
10/25/2005 239
10/25/2005 34
10/25/2005 239
10/28/2005 136
10/28/2005 231
10/28/2005 35
10/28/2005 207
10/28/2005 10
10/28/2005 35
10/28/2005 35
10/28/2005 35
10/28/2005 231
10/28/2005 92
10/28/2005 35
10/28/2005 190
10/28/2005 207
10/28/2005 139
10/28/2005 35
10/28/2005 190
10/28/2005 35
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Resident/T Note

goose
avian
rodent
rodent
avian
avian
rodent
rodent
raccoon
raccoon
raccoon
avian
rodent
avian
avian
avian
avian
avian
avian
raccoon
raccoon
dog

u
rodent
avian
rodent
avian
canine
avian
avian
dog
dog
dog
dog
avian
avian
rodent
raccoon
avian
rodent
rodent
rodent
dog
avian
rodent
rodent
raccoon
avian
rodent
avian
rodent

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

Provider Sample .
110772 MBS-102805-1
110773 MBS-102805-1
110774 MBN-102805-1
110775 MBN-102805-1
110776 MBN-102805-1
110777 TCN64-103105-2
110778 TCN64-103105-2
110779 TCN64-103105-2
110780 TCS40-103105-2
110781 TCS40-103105-2
110782 TCS40-103105-2
110783 TCS40-103105-2
110784 TCN33-103105-2
110785 TCN33-103105-2
110786 TCN33-103105-2
110787 TCS41-103105-2
110788 TCS41-103105-2
110789 TCS41-103105-2
110790 TCM46-103105-2
110791 TCM46-103105-2
110792 TCM46-103105-2
110793 MBS-103105-2
110794 MBS-103105-2
110795 MBN-103105-2
110796 MBN-103105-2
110797 MBN-103105-2
110798 TCN64-110105-3
110799 TCN64-110105-3
110800 TCN64-110105-3
110801 TCN64-110105-3
110802 TCS40-110105-3
110803 TCS40-110105-3
110804 TCS40-110105-3
110805 TCN33-110105-3
110806 TCN33-110105-3
110807 TCN33-110105-3
110808 TCS41-110105-3
110809 TCS41-110105-3
110810 TCS41-110105-3
110811 TCM46-110105-3
110812 TCM46-110105-3
110813 TCM46-110105-3
110814 MBS-110105-3
110815 MBS-110105-3
110816 MBS-110105-3
110817 MBN-110105-3
110818 MBN-110105-3
110819 MBN-110105-3
111097 TCN64-112105-1
111098 TCN64-112105-1
111099 TCN64-112105-1

01-01948-280 Appendix B - study database.xIs

match database

Sample Date
10/28/2005 83
10/28/2005 133
10/28/2005 89
10/28/2005 10
10/28/2005 139
10/31/2005 44
10/31/2005 19
10/31/2005 35
10/31/2005 35
10/31/2005 35
10/31/2005 166
10/31/2005 166
10/31/2005 119
10/31/2005 35
10/31/2005 17
10/31/2005 54
10/31/2005
10/31/2005 10
10/31/2005 187
10/31/2005 187
10/31/2005 35
10/31/2005 35
10/31/2005 79
10/31/2005 154
10/31/2005
10/31/2005 148

11/1/2005 119
11/1/2005 92
11/1/2005 109
11/1/2005 109
11/1/2005 207
11/1/2005 209
11/1/2005 10
11/1/2005 166
11/1/2005 236
11/1/2005 74
11/1/2005 35
11/1/2005 5
11/1/2005 222
11/1/2005 17
11/1/2005 132
11/1/2005 212
11/1/2005 216
11/1/2005 92
11/1/2005 227
11/1/2005 29
11/1/2005 234
11/1/2005 118
11/21/2005 207
11/21/2005 216
11/21/2005 9
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Resident/T Note

rodent
avian
avian
avian
avian
raccoon
dog
rodent
rodent
rodent
avian
avian
avian
rodent
rodent
sewage
sewage
avian
canine
canine
rodent
rodent
avian
rodent
rodent
u

avian
avian
canine
canine
raccoon
avian
avian
avian

u

feline
rodent
duck
raccoon
rodent
goose
avian
avian
avian
dog
rodent
dog

u
raccoon
avian
dog

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

Provider Sample .
111100 TCN64-112105-2
111101 TCN64-112105-2
111102 TCN64-112105-2
111103 TCN64-112105-2
111104 TCN64-112105-3
111105 TCN64-112105-3
111106 TCN64-112105-3
111107 TCS40-112105-1
111108 TCS40-112105-1
111109 TCS40-112105-1
111110 TCS40-112105-2
111111 TCS40-112105-2
111112 TCS40-112105-2
111113 TCS40-112105-3
111114 TCS40-112105-3
111115 TCS40-112105-3
111116 TCN33-112105-1
111117 TCN33-112105-1
111118 TCN33-112105-1
111119 TCN33-112105-2
111120 TCN33-112105-2
111121 TCN33-112105-2
111122 TCN33-112105-2
111123 TCN33-112105-3
111124 TCN33-112105-3
111125 TCN33-112105-3
111126 TCS41-112105-1
111127 TCS41-112105-1
111128 TCS41-112105-1
111129 TCS41-112105-2
111130 TCS41-112105-2
111131 TCS41-112105-2
111132 TCS41-112105-3
111133 TCS41-112105-3
111134 TCS41-112105-3
111135 TCM46-112105-1
111136 TCM46-112105-1
111137 TCM46-112105-1
111138 TCM46-112105-2
111139 TCM46-112105-2
111140 TCM46-112105-2
111141 TCM46-112105-2
111142 TCM46-112105-3
111143 TCM46-112105-3
111144 TCM46-112105-3
111145 MBS-112105-1

111146 MBS-112105-1

111147 MBS-112105-1

111148 MBS-112105-2

111149 MBS-112105-2

111150 MBS-112105-2

01-01948-280 Appendix B - study database.xIs

match database

Sample Date
11/21/2005 35
11/21/2005 35
11/21/2005 231
11/21/2005 35
11/21/2005 207
11/21/2005 216
11/21/2005 216
11/21/2005 28
11/21/2005 10
11/21/2005 10
11/21/2005 154
11/21/2005 10
11/21/2005 10
11/21/2005 212
11/21/2005 10
11/21/2005 10
11/21/2005 92
11/21/2005 35
11/21/2005 30
11/21/2005 30
11/21/2005 30
11/21/2005 30
11/21/2005 131
11/21/2005 223
11/21/2005 30
11/21/2005 30
11/21/2005 164
11/21/2005 175
11/21/2005 91
11/21/2005 35
11/21/2005 92
11/21/2005 92
11/21/2005 35
11/21/2005 115
11/21/2005 164
11/21/2005 144
11/21/2005 144
11/21/2005 164
11/21/2005 154
11/21/2005 35
11/21/2005 154
11/21/2005 154
11/21/2005 226
11/21/2005 34
11/21/2005 172
11/21/2005 184
11/21/2005 196
11/21/2005 35
11/21/2005 35
11/21/2005 35
11/21/2005 164
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Resident/T Note

rodent
rodent
dog
rodent
raccoon
avian
avian
avian
avian
avian
rodent
avian
avian
avian
avian
avian
avian
rodent
avian
avian
avian
avian
u
sewage
avian
avian
u

u
avian
rodent
avian
avian
rodent
u

u
raccoon
raccoon
u
rodent
rodent
rodent
rodent
raccoon
dog
avian
avian
u
rodent
rodent
rodent
u

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

Provider Sample .
111151 MBS-112105-3
111152 MBS-112105-3
111153 MBS-112105-3
111154 MBN-112105-1
111155 MBN-112105-1
111156 MBN-112105-1
111157 MBN-112105-2
111158 MBN-112105-2
111159 MBN-112105-2
111160 MBN-112105-3
111161 MBN-112105-3
111162 MBN-112105-3
111163 MBN-112105-3
111164 MBP-112105-1
111165 MBP-112105-1
111166 MBP-112105-1
111448 TCN64-122005-1
111449 TCN64-122005-1
111450 TCN64-122005-1
111451 TCS40-122005-1
111452 TCS40-122005-1
111453 TCS40-122005-1
111454 TCN33-122005-1
111455 TCN33-122005-1
111456 TCN33-122005-1
111457 TCS41-122005-1
111458 TCS41-122005-1
111459 TCS41-122005-1
111460 TCM46-122005-1
111461 TCM46-122005-1
111462 TCM46-122005-1
111463 TCM46-122005-1
111464 MBS-122005-1
111465 MBS-122005-1
111466 MBS-122005-1
111467 MBN-122005-1
111468 MBN-122005-1
111469 MBN-122005-1
111470 TCN64-122105-2
111471 TCN64-122105-2
111472 TCN64-122105-2
111473 TCN64-122105-2
111474 TCN64-122105-3
111475 TCN64-122105-3
111476 TCN64-122105-3
111477 TCS40-122105-2
111478 TCS40-122105-2
111479 TCS40-122105-2
111480 TCS40-122105-3
111481 TCS40-122105-3
111482 TCS40-122105-3

01-01948-280 Appendix B - study database.xIs

match database

Sample Date
11/21/2005 116
11/21/2005 164
11/21/2005 35
11/21/2005 216
11/21/2005 17
11/21/2005 17
11/21/2005 17
11/21/2005 17
11/21/2005 17
11/21/2005 212
11/21/2005 212
11/21/2005 17
11/21/2005 17
11/21/2005 52
11/21/2005 52
11/21/2005 52
12/20/2005 119
12/20/2005 168
12/20/2005 92
12/20/2005 172
12/20/2005 81
12/20/2005 35
12/20/2005 35
12/20/2005 35
12/20/2005 108
12/20/2005 231
12/20/2005 212
12/20/2005 172
12/20/2005 35
12/20/2005 35
12/20/2005 1
12/20/2005 129
12/20/2005 179
12/20/2005 206
12/20/2005 99
12/20/2005 231
12/20/2005 139
12/20/2005 206
12/21/2005 10
12/21/2005 55
12/21/2005 168
12/21/2005 79
12/21/2005 136
12/21/2005 206
12/21/2005 136
12/21/2005 163
12/21/2005 142
12/21/2005 181
12/21/2005 35
12/21/2005 35
12/21/2005 49
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Resident/T Note

dog

u
rodent
avian
rodent
rodent
rodent
rodent
rodent
avian
avian
rodent
rodent
goose
goose
goose
avian
canine
avian
avian
u
rodent
rodent
rodent
avian
dog
avian
avian
rodent
rodent
avian
avian
avian
avian
dog
dog
avian
avian
avian
u
canine
avian
avian
avian
avian
u
avian
avian
rodent
rodent
avian

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157



Isolate .

Provider Sample .
111483 TCS40-122105-3
111484 TCN33-122105-2
111485 TCN33-122105-2
111486 TCN33-122105-2
111487 TCN33-122105-3
111488 TCN33-122105-3
111489 TCN33-122105-3
111490 TCS41-122105-2
111491 TCS41-122105-2
111492 TCS41-122105-2
111493 TCS41-122105-3
111494 TCS41-122105-3
111495 TCS41-122105-3
111496 TCM46-122105-2
111497 TCM46-122105-2
111498 TCM46-122105-2
111499 TCM46-122105-3
111500 TCM46-122105-3
111501 TCM46-122105-3
111502 TCM46-122105-3
111503 MBS-122105-2
111504 MBS-122105-2
111505 MBS-122105-2
111506 MBS-122105-3
111507 MBS-122105-3
111508 MBS-122105-3
111509 MBN-122105-2
111510 MBN-122105-2
111511 MBN-122105-2
111512 MBN-122105-3
111513 MBN-122105-3
111514 MBN-122105-3

01-01948-280 Appendix B - study database.xIs

match database

Sample Date
12/21/2005 154
12/21/2005 10
12/21/2005 139
12/21/2005 35
12/21/2005 52
12/21/2005 103
12/21/2005 35
12/21/2005 73
12/21/2005 26
12/21/2005 73
12/21/2005 205
12/21/2005 148
12/21/2005 101
12/21/2005 231
12/21/2005 67
12/21/2005 154
12/21/2005 44
12/21/2005 26
12/21/2005 26
12/21/2005 44
12/21/2005 186
12/21/2005 97
12/21/2005 35
12/21/2005 154
12/21/2005 10
12/21/2005 206
12/21/2005 139
12/21/2005 178
12/21/2005 186
12/21/2005 92
12/21/2005 180
12/21/2005 139
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Resident/T Note

rodent
avian
avian
rodent
goose
u
rodent
u
raccoon
u

avian

u
raccoon
dog

u
rodent
raccoon
raccoon
raccoon
raccoon
raccoon
rodent
rodent
rodent
avian
avian
avian

u
raccoon
avian
opossum
avian

Herrera Environmental Consultants

Study ID
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
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