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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 190th Street in the 
City of Shoreline to NE 80th 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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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 2. Fecal coliform bacteria concentrations near the mouth of Thornton Creek by hydrologic and seasonal condition for the 

period from February 1990 through March 2001. 
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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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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 

lmp    /01-01948-280 thornton mst report.doc 

March 12, 2007 11 Herrera Environmental Consultants 



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 35th 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. 

Station 

Fecal Coliform 
Bacteria Analyses 
of Water Samples a

E. coli Ribotyping 
Isolates from 

Water Samples b

Optical 
Brightener 
Analyses c

Fecal Coliform 
Bacteria Analyses of 
Sediment Samples d

E. coli Ribotyping 
Isolates from 

Sediment Samples e

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 
VC1 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 
a 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. 
b 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. 
c Optical brightener sample pads were deployed during each of three base flow sampling events and collected following between 

2 and 12 days of exposure. 
d  Analysis of three sediment samples collected during one sampling event.  Laboratory analyses conducted by the Institute for 

Environmental Health. 
e 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 10th Avenue NE, below the 
Jackson Park golf course).  Samples were collected from the left bank, 
upstream of the culvert under 10th Avenue NE. 

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

 Station TCS41 (Lower South Fork station):  Thornton Creek south fork 
downstream, located at SPU station 41 (at 35th Avenue NE, south of NE 
110th Street).  Samples were collected from the right bank, upstream of the 
culvert under 35th Avenue NE. 
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Figure 4.  Microbial source tracking stations at Matthews Beach Park and near the mouth of 
                  Thornton Creek, Seattle, Washington.
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Monitoring Report—Thornton Creek and Matthews Beach MST Study 

 Station TCN33 (Lower North Fork station):  Thornton Creek north fork 
downstream, located at SPU station 33 (at NE 110th Street, east of 35th 
Avenue NE).  Samples were collected from the left bank, upstream of the 
culvert under NE 110th 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 51st 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 TCS01:  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 100th Street. 

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

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

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

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

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

 Station KC1:  Kramer Creek near the mouth, located at 30th Avenue NE 
approximately 75 feet north of NE 107th 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 Event Storm Event 
Sampling 
Event ID 

Number of Samples 
per Station Start Date/Time End Date/Time Start Date/Time End Date/Time 

Portion of 
Hydrograph 

Event Precipitation
(inches) a

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 1a 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 5c 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 
a 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 (10-4 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 

lmp    /01-01948-280 thornton mst report.doc 

March 12, 2007 23 Herrera Environmental Consultants 



Monitoring Report—Thornton Creek and Matthews Beach MST Study 

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 
North Fork 
(TCN64) 

Lower 
North Fork 
(TCN33) 

Upper 
South Fork 
(TCS40) 

Lower 
South Fork 
(TCS41) 

Main Stem 
Mouth 

(TCM46) 

Average annual discharge rate (cfs) 2.34 4.35 1.34 3.42 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 (RG01), 
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 128th 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 74th Street and 63rd Avenue NE in Magnuson Park.  The Maple 
Leaf Reservoir rain gauge (RG04) is located just south of the Thornton Creek watershed at NE 
82nd Street and 12th Avenue NE. 

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

 
Haller Lake 

(gauge RG01) 
Matthews Beach/Magnuson Park

(gauge RG02) 
Maple Leaf Reservoir 

(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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Figure 5. Hydrograph for the North Fork and South Fork Thornton Creek monitoring stations for 

January through December 2005. 
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Figure 6. Hydrograph for main stem Thornton Creek monitoring station for 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, 25th and 75th percentiles of the data as a box, and the 10th and 90th 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 (α) 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 (α) of 0.10.  These results suggest that stormwater is  
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Figure 7. Fecal coliform bacteria concentrations for the Thornton Creek and Matthews Beach Microbial Source Tracking Study 

from February through December 2005. 
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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. 

Site bFecal Coliform 
Bacteria Data Set p-value a Low 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 τ 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 resultsa for spatial, hydrologic, and seasonal comparisons of fecal 
coliform bacteria data collected for the Thornton Creek MST study. 

Comparison 
Difference of Medians

(CFU/100 mL) p-value a

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 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. 
b Values in bold indicate significant differences exist at α = 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. 

 

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 
(2005) 

City of Seattle 
(1990–2001 a) King County (2001–2005 b) 

 
Main Stem 

Mouth (TCM46) 
North Lake 

(MBN) 
Main Stem 

Mouth (TCM46) 
Main Stem 

Mouth (TCM46) 
North Lake 

(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 α= 0.1. 
a Data source: Minton (2000). 
b 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 Water 
(CFU/100 mL) 

Station Sample 1 Sample 2 Sample 3

Geometric Mean in 
Sediment 

(organisms/gram) Base Flow Storm Flow All Samples

Main Stem Mouth 
of Thornton Creek 
(TCM46) 

1,300 5,000 330 599 656 2,576 953 

Matthews Beach 
North Lake (MBN) 

5 11 3 5 77 142 104 

Matthews Beach 
South Lake (MBS) 

17 50 50 35 3 348 93 

 
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 (r2 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. 

Table 9. Annual areal fecal coliform bacteria loadings (1x109 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 a – – 1.6 
Residential a – – 3.8 - 8.5 

a 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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Figure 8. Natural log of discharge versus natural log of fecal coliform bacteria loading rates for the Main Stem Mouth station 

(TCM46) on Thornton Creek. 
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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 τ 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 90th 
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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Figure 12. Wind speed versus the regression residuals of fecal coliform bacteria loading rates for the 

Main Stem Mouth station of Thornton Creek versus fecal coliform bacteria concentrations for 
the North Lake and South Lake stations. 
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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 
Upper North Fork 

TCN33 
Lower North Fork 

TCS40 
Upper South Fork 

TCS41 
Lower South Fork 

TCM46 
Main Stem Mouth 

MBN 
Lake North 

MBS 
Lake South Sum of All Stations 

Fecal Source 
Number 

of Isolates 
Percent 
of Total 

Number 
of Isolates 

Percent 
of Total 

Number 
of Isolates

Percent 
of Total 

Number 
of Isolates

Percent 
of Total 

Number 
of Isolates 

Percent 
of Total 

Number 
of Isolates

Percent 
of Total 

Number 
of Isolates

Percent 
of Total 

Number 
of Isolates

Percent 
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% 

 

 LMP   /01-01948-280 thornton mst report.doc 

Herrera Environmental Consultants 52 March 12, 2007 



wp4    /figure 13. thornton pie schematic.doc 

3%
10%

3%

42%

42%

6%

16%

6%

28%

44%

5%

9%

5%

39%

41%

2%
11%

9%

31%

47%

3%
9%

4%

36%

48%

1% 10%11%

32%

45%

12%6%

42%

40%

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
            human 
            pets 
            avian 
            wildlife 
            unknown 
            water flow 
            direction 
 
 

Figure 13. Schematic diagram of E. coli bacteria sources and their percentages observed in Thornton Creek and Matthews Beach, 
Seattle, Washington. 
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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 

Base Winter Base 
Summer 
Storm 

Winter 
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 
Main Stem Mouth 

MBN 
North Lake  

MBS 
South Lake  Sum of All Stations 

Fecal Source 
Number 

of Isolates 
Percent of 

Total 
Number 

of Isolates
Percent of 

Total 
Number 

of Isolates
Percent of 

Total 
Number 

of Isolates 
Percent of 

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 
North 
Fork 

(TCN64) 

Lower 
North 
Fork 

(TCN33) 

Upper 
South 
Fork 

(TCS40)

Lower 
South 
Fork 

(TCS41)

Main 
Stem 

Mouth 
(TCM46)

North 
Lake 

(MBN)

South 
Lake 

(MBS) 

Main 
Stem 

Mouth 
(TCM46) 

North 
Lake 

(MBN)

South 
Lake 

(MBS) 

Water Samples 
Upper North Fork 
(TCN64) 

– 36 44 39 45 42 51 38 41 44 

Lower North Fork 
(TCN33) 

– – 46 46 55 54 57 63 82 63 

Upper South Fork 
(TCS40) 

– – – 38 51 50 52 56 29 44 

Lower South Fork 
(TCS41) 

– – – – 48 47 53 19 88 38 

Main Stem Mouth 
(TCM46) 

– – – – – 53 52 63 88 63 

North Lake (MBN) – – – – – – 62 56 88 56 
South Lake (MBS) – – – – – – – 69 76 50 
Sediment Samples 
Main Stem Mouth 
(TCM46) 

– – – – – – – – 41 19 

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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Figure 14. E. coli source percentages observed during base flow and storm flow conditions for the Thornton Creek and Matthews 

Beach microbial source tracking study. 
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Figure 15. E. coli source percentages observed during summer season (May through October) and winter season (November through 

April) for the Thornton Creek and Matthews Beach microbial source tracking study. 
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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. 

Station 
Deployment 

Date 
Exposure 

Duration (days) 

Precipitation Amount 
During Exposure 

(in)a
Ultraviolet 
light test 

Spectral 
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 – 
WC1 2/1/2005 2 0.00 negative – 
TCN64 2/1/2005 2 0.00 negative – 
VC1 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 – 
WC1 4/19/2005 10 0.23 negative ND 
TCN64 4/19/2005 10 0.23 negative – 
VC1 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 – 
WC1 6/29/2005 12 0.68 negative – 
TCN64 6/29/2005 12 0.68 negative – 
VC1 6/29/2005 12 0.68 negative – 
VC2 6/29/2005 12 0.68 negative – 
TCS03 6/29/2005 12 0.68 negative – 
TCS40 6/29/2005 12 0.68 negative – 
TCS02 6/29/2005 12 0.68 negative – 
TCS01 6/29/2005 12 0.68 negative – 

a Measured at Matthews Beach/Magnuson Park rain gauge (RG02) (Seattle 2006b). 
b 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). 

 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. 

lmp    /01-01948-280 thornton mst report.doc 

March 12, 2007 67 Herrera Environmental Consultants 





Monitoring Report—Thornton Creek and Matthews Beach MST Study 

References 

APHA, AWWA, and WEF.  1995.  Standard Methods for the Examination of Water and 
Wastewater.  18th edition.  Edited by A.E. Greenburg, American Public Health Association; L.S. 
Clesceri, Water Environment Federation, and A.D. Eaton, American Water Works Association. 

Burton, G.A., D. Gunnison, and G.R. Lanza.  1987.  Survival of pathogenic bacteria in various 
freshwater sediments.  Applied and Environmental Microbiology 53(4):633-638. 

Doyle, J., B. Tunnicliff, R. Kramer, R. Kuehl, and S. Brickler.  1992.  Instability of fecal coliform 
populations in waters and bottom sediments at recreational beaches in Arizona.  Water Res. 26:979–
988. 

Ecology.  1999.  Fecal Contamination Source Identification Methods in Surface Water.  Ecology 
Report 99-345.  Washington Department of Ecology, Olympia, Washington. 

Ecology.  2004.  Washington state water quality assessment [303(d)] web page for 1996 and 1998 
Clean Water Act Section 303(d) list of impaired and threatened water bodies in Washington state.  
Washington Department of Ecology.  <http://www.ecy.wa.gov/programs/wq/303d/index.html>. 

Ecology.  2006.  Washington state water quality assessment [303(d)] web page for 2002/2004 Clean 
Water Act Section 303(d) list of impaired and threatened water bodies in Washington state.  
Washington Department of Ecology.  <http://www.ecy.wa.gov/programs/wq/303d/index.html>. 

Griffith, John F., Stephen B. Weisberg, and Charles D. McGee.  2003.  Evaluation of Microbial 
Source Tracking Methods Using Mixed Fecal Sources in Aqueous Test Samples.  J. Wat. Health 
1(4):141-151. 

Helsel, D.R. and R.M. Hirsch.  1992.  Studies in Environmental Science 49: Statistical Methods in 
Water Resources.  Elsevier Science, New York, New York. 

Herrera.  1993.  Pipers Creek Bacteriological Source Tracking Investigation.  Prepared for Seattle 
Engineering Department, Drainage and Wastewater Utility, by Herrera Environmental Consultants, 
Inc., Seattle, Washington. 

Herrera.  1999.  City of Blaine Stormwater Management Program Implementation, Fecal Coliform 
Bacteria Source Tracking Report.  Prepared for the City of Blaine Public Works Department and 
Earth Tech by Herrera Environmental Consultants, Inc., Seattle, Washington. 

Herrera.  2001.  Seattle-Tacoma International Airport Stormwater Monitoring Program, Microbial 
Source Tracking Study Report.  Prepared for the Port of Seattle by Herrera Environmental 
Consultants, Inc., Seattle, Washington. 

lmp    /01-01948-280 thornton mst report.doc 

March 12, 2007 69 Herrera Environmental Consultants 



Monitoring Report—Thornton Creek and Matthews Beach MST Study 

Herrera.  2004a.  Freeland Water Quality Improvement Project: Water Quality Assessment Report.  
Prepared for Island County Public Works Department by Herrera Environmental Consultants, Inc., 
Seattle, Washington. 

Herrera.  2004b.  Kimball Creek Water Quality Monitoring and Microbial Source Tracking Study 
Monitoring Report.  Prepared for the City of Snoqualmie by Herrera Environmental Consultants, 
Inc., Seattle, Washington. 

Herrera.  2004c.  Years 2001-2002 Water Quality Data Report, Green-Duwamish Watershed Water 
Quality Assessment.  Prepared for King County Department of Natural Resources by Herrera 
Environmental Consultants, Inc., Seattle Washington. 

Herrera.  2005a.  Thornton Creek and Matthews Beach Microbial Source Tracking Study Sampling 
and Analysis Plan.  Prepared for Seattle Public Utilities by Herrera Environmental Consultants, Inc., 
Seattle, Washington. 

Herrera.  2005b.  Upper Willapa River Microbial Source Tracking Study Monitoring Report.  
Prepared for Cosmopolitan Engineering Group and Pacific County Department of Community 
Development by Herrera Environmental Consultants, Inc., Seattle, Washington. 

Herrera.  2006a.  Green Duwamish River Watershed Microbial Source Tracking Study Monitoring 
Report.  Prepared for King County Department of Natural Resources and Parks, Water and Land 
Resources Division by Herrera Environmental Consultants, Inc., Seattle, Washington. 

Herrera.  2006b.  Gene Coulon Park Microbial Source Tracking Study.  Prepared for the City of 
Renton by Herrera Environmental Consultants, Inc., Seattle, Washington. 

Horner, R.R., J.J. Skupien, E.H. Livingston, and H.E. Shaver.  1994.  Fundamentals of Urban 
Runoff Management: Technical and Institutional Issues.  Produced by Terrene Institute, 
Washington D.C., in cooperation with U.S. Environmental Protection Agency.  August 1994. 

Jamieson, R.C., D.M. Joy, H. Lee, R. Kostaschuck, and R.J. Gordon.  2005.  Resuspension of 
Sediment-Associated Escherichia coli in a Natural Stream.  J. Environ. Qual. 34.581-589. 

King 5.  2005.  King 5 First Alert Weather SchoolNet (online).  Precipitation Data for Kings 
Elementary School, Seattle, Washington.  Obtained on and before December 21, 2005 from 
organization website: <www.king5.com/weather>. 

King County.  2001.  King County Conveyance System Improvement Project, Thornton Creek 
MST [Microbial Source Tracking] Study.  King County Department of Natural Resources, 
Wastewater Treatment Division, Seattle, Washington. 

King County.  2004.  King County Department of Natural Resources Lake Monitoring Program 
web page for Matthews Beach and Thornton Creek monitoring data: 
<http://dnr.metrokc.gov/wlr/waterres/lakes/matthew.htm> and 
<http://dnr.metrokc.gov/wlr/waterres/lakes/thorcrek.htm>. 

 LMP   /01-01948-280 thornton mst report.doc 

Herrera Environmental Consultants 70 March 12, 2007 



Monitoring Report—Thornton Creek and Matthews Beach MST Study 

King County.  2006.  King County Department of Natural Resources Lake Monitoring Program 
web page for Matthews Beach and Thornton Creek monitoring data: 
<http://dnr.metrokc.gov/wlr/waterres/swimbeach/BeachData.aspx?Locator=A434> and 
<http://dnr.metrokc.gov/wlr/waterres/swimbeach/BeachData.aspx?Locator=0818SB>. 

Minton, G.R.  2000.  Unpublished water quality data from SPU and King County, provided to 
Herrera Environmental Consultants, Inc., by Beth Schmoyer, Seattle Public Utilities.  Compiled by 
Gary Minton, Resource Planning Associates, Inc.  May 8, 2000. 

Myoda, Samuel P., C. Andrew Carson, Jeffry J. Fuhrmann, Byoung-Kwon Hahm, Peter G. Hartel, 
Helen Yampara-Iquise, LeeAnn Johnson, Robin L. Kuntz, Cindy H. Nakatsu, Michael J. Sadowski, 
and Mansour Samadpour.  2003.  Comparison of Genotypic-Based Microbial Source Tracking 
Methods Requiring a Host Origin Database.  J. Wat. Health 1(4):167-180. 

Schallenberg, M., and J. Kalff.  1993.  The Ecology of Sediment Bacteria in Lakes and 
Comparisions with Other Aquatic Ecosystems.  Ecology 74(3):  919-934. 

Seattle.  2000.  Thornton Creek Watershed Characterization Report.  Prepared by the Thornton 
Creek Watershed Management Committee and Seattle Public Utilities, Seattle, Washington. 

Seattle.  2006a.  Unpublished discharge data from SPU, provided to Herrera Environmental 
Consultants, Inc., by Laura Reed, Seattle Public Utilities.  January 31, February 3, and February 15, 
2006. 

Seattle.  2006b.  Unpublished precipitation data from SPU, provided to Herrera Environmental 
Consultants, Inc., by Shelly Basketfield, Seattle Public Utilities.  March 10, 2006. 

Sherer, B., R. Miner, J. Moore, and J. Buckhouse.  1992.  Indicator bacterial survival in stream 
sediments.  J. Environ. Qual. 21:591–595. 

lmp    /01-01948-280 thornton mst report.doc 

March 12, 2007 71 Herrera Environmental Consultants 



 



 
 

APPENDIX A 
 

 
Laboratory Reports and Data Quality 

Assurance Worksheets 

















































































































































































































 
 

APPENDIX B 
 

 
Project Database 

 



 

 



bacteria database

Station Date Time season
event 
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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Station Date Time season
event 
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 7:47 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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Station Date Time season
event 
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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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 TCN64-102505-2 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 TCN64-051805-2 1000
TCN64 5/18/2005 8:32 summer storm TCN64-051805-3 600
TCN64 10/2/2005 13:20 summer storm TCN64-100205-1 780
TCN64 10/2/2005 14:48 summer storm TCN64-100205-2 1160
TCN64 10/2/2005 14:53 summer storm TCN64-100205-3 820
TCN64 2/1/2005 7:54 winter base TCN64-020105-1 54
TCN64 2/1/2005 7:59 winter base TCN64-020105-2 54
TCN64 2/1/2005 8:04 winter base TCN64-020105-3 58
TCN64 4/19/2005 13:40 winter base TCN64-041905-1 30
TCN64 4/19/2005 13:45 winter base TCN64-041905-2 40
TCN64 4/19/2005 13:50 winter base TCN64-041905-3 30
TCN64 11/21/2005 8:50 winter base TCN64-112105-1 42
TCN64 11/21/2005 8:55 winter base TCN64-112105-2 30
TCN64 11/21/2005 9:00 winter base TCN64-112105-3 36
TCN64 3/19/2005 16:57 winter storm TCN64-031905-1 120
TCN64 3/19/2005 18:25 winter storm TCN64-031905-2 350
TCN64 3/26/2005 11:45 winter storm TCN64-032605-1 800
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 TCN64-103105-2 730
TCN64 11/1/2005 7:25 winter storm TCN64-110105-3 210
TCN64 12/20/2005 6:45 winter storm TCN64-122005-1 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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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 10:55 winter storm TCS41-122105-3 1480
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104991 Hero 71-02-TCN64-1 2/1/2005 231 avian 157
104992 Hero 71-02-TCN64-1 2/1/2005 207 raccoon 157
104993 Hero 71-02-TCN64-1 2/1/2005 207 raccoon 157
104994 Hero 71-02-TCN64-2 2/1/2005 207 raccoon 157
104995 Hero 71-02-TCN64-2 2/1/2005 135 sewage 157
104996 Hero 71-02-TCN64-2 2/1/2005 207 raccoon 157
104997 Hero 71-02-TCN64-3 2/1/2005 135 sewage 157
104998 Hero 71-02-TCN64-3 2/1/2005 207 raccoon 157
104999 Hero 71-02-TCN64-3 2/1/2005 231 avian 157
105000 Hero 71-02-TCS40-1 2/1/2005 78 raccoon 157
105001 Hero 71-02-TCS40-1 2/1/2005 78 raccoon 157
105002 Hero 71-02-TCS40-1 2/1/2005 17 rodent 157
105003 Hero 71-02-TCS40-1 2/1/2005 78 raccoon 157
105004 Hero 71-02-TCS40-2 2/1/2005 217 rodent 157
105005 Hero 71-02-TCS40-2 2/1/2005 17 rodent 157
105006 Hero 71-02-TCS40-2 2/1/2005 136 avian 157
105007 Hero 71-02-TCS40-3 2/1/2005 17 rodent 157
105008 Hero 71-02-TCS40-3 2/1/2005 17 rodent 157
105009 Hero 71-02-TCS40-3 2/1/2005 213 dog 157
105010 Hero 71-02-TCS41-1 2/1/2005 122 u 157
105011 Hero 71-02-TCS41-1 2/1/2005 145 rodent 157
105012 Hero 71-02-TCS41-1 2/1/2005 145 rodent 157
105013 Hero 71-02-TCS41-2 2/1/2005 136 avian 157
105014 Hero 71-02-TCS41-2 2/1/2005 25 dog 157
105015 Hero 71-02-TCS41-2 2/1/2005 110 avian 157
105016 Hero 71-02-TCS41-3 2/1/2005 65 u 157
105017 Hero 71-02-TCS41-3 2/1/2005 avian 157
105018 Hero 71-02-TCS41-3 2/1/2005 avian 157
105019 Hero 71-02-TCN33-1 2/1/2005 231 avian 157
105020 Hero 71-02-TCN33-1 2/1/2005 124 raccoon 157
105021 Hero 71-02-TCN33-1 2/1/2005 124 raccoon 157
105022 Hero 71-02-TCN33-1 2/1/2005 154 rodent 157
105023 Hero 71-02-TCN33-2 2/1/2005 216 avian 157
105024 Hero 71-02-TCN33-2 2/1/2005 107 raccoon 157
105025 Hero 71-02-TCN33-2 2/1/2005 216 avian 157
105026 Hero 71-02-TCN33-3 2/1/2005 216 avian 157
105027 Hero 71-02-TCN33-3 2/1/2005 207 raccoon 157
105028 Hero 71-02-TCN33-3 2/1/2005 216 avian 157
105029 Hero 71-02-TCN46-1 2/1/2005 37 opossum 157
105030 Hero 71-02-TCN46-1 2/1/2005 231 avian 157
105031 Hero 71-02-TCN46-1 2/1/2005 214 sewage 157
105032 Hero 71-02-TCN46-2 2/1/2005 avian 157
105033 Hero 71-02-TCN46-2 2/1/2005 18 avian 157
105034 Hero 71-02-TCN46-2 2/1/2005 154 rodent 157
105035 Hero 71-02-TCN46-3 2/1/2005 136 avian 157
105036 Hero 71-02-TCN46-3 2/1/2005 136 avian 157
105037 Hero 71-02-TCN46-3 2/1/2005 30 avian 157
105038 Hero 71-02-MBS-1 2/1/2005 44 raccoon 157
105039 Hero 71-02-MBS-1 2/1/2005 raccoon 157
105040 Hero 71-02-MBS-1 2/1/2005 207 raccoon 157
105041 Hero 71-02-MBS-1 2/1/2005 207 raccoon 157
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105042 Hero 71-02-MBS-2 2/1/2005 102 dog 157
105043 Hero 71-02-MBS-2 2/1/2005 139 avian 157
105044 Hero 71-02-MBS-2 2/1/2005 102 dog 157
105045 Hero 71-02-MBS-3 2/1/2005 207 raccoon 157
105046 Hero 71-02-MBS-3 2/1/2005 182 avian 157
105047 Hero 71-02-MBS-3 2/1/2005 139 avian 157
105048 Hero 71-02-MBN-1 2/1/2005 207 raccoon 157
105049 Hero 71-02-MBN-1 2/1/2005 136 avian 157
105050 Hero 71-02-MBN-1 2/1/2005 208 dog 157
105051 Hero 71-02-MBN-2 2/1/2005 207 raccoon 157
105052 Hero 71-02-MBN-2 2/1/2005 207 raccoon 157
105053 Hero 71-02-MBN-2 2/1/2005 92 avian 157
105054 Hero 71-02-MBN-3 2/1/2005 207 raccoon 157
105055 Hero 71-02-MBN-3 2/1/2005 211 avian 157
105056 Hero 71-02-MBN-3 2/1/2005 207 raccoon 157
105399 Hero 71-06-TCN64-031905-1 3/19/2005 82 raccoon 157
105400 Hero 71-06-TCN64-031905-1 3/19/2005 216 avian 157
105401 Hero 71-06-TCN64-031905-1 3/19/2005 216 avian 157
105402 Hero 71-06-TCN64-031905-1 3/19/2005 35 rodent 157
105403 Hero 71-06-TCN64-031905-2 3/19/2005 200 rodent 157
105404 Hero 71-06-TCN64-031905-2 3/19/2005 200 rodent 157
105405 Hero 71-06-TCN64-031905-2 3/19/2005 145 rodent 157
105406 Hero 71-06-TCS40-031905-1 3/19/2005 53 beaver 157
105407 Hero 71-06-TCS40-031905-1 3/19/2005 113 avian 157
105408 Hero 71-06-TCS40-031905-1 3/19/2005 218 feline 157
105409 Hero 71-06-TCS40-031905-2 3/19/2005 186 raccoon 157
105410 Hero 71-06-TCS40-031905-2 3/19/2005 133 avian 157
105411 Hero 71-06-TCS40-031905-2 3/19/2005 82 raccoon 157
105412 Hero 71-06-TCN33-031905-1 3/19/2005 212 avian 157
105413 Hero 71-06-TCN33-031905-1 3/19/2005 72 avian 157
105414 Hero 71-06-TCN33-031905-1 3/19/2005 212 avian 157
105415 Hero 71-06-TCN33-031905-2 3/19/2005 144 raccoon 157
105416 Hero 71-06-TCN33-031905-2 3/19/2005 212 avian 157
105417 Hero 71-06-TCN33-031905-2 3/19/2005 174 avian 157
105418 Hero 71-06-TCS41-031905-1 3/19/2005 169 avian 157
105419 Hero 71-06-TCS41-031905-1 3/19/2005 37 opossum 157
105420 Hero 71-06-TCS41-031905-1 3/19/2005 137 dog 157
105421 Hero 71-06-TCS41-031905-1 3/19/2005 136 avian 157
105422 Hero 71-06-TCS41-031905-2 3/19/2005 197 u 157
105423 Hero 71-06-TCS41-031905-2 3/19/2005 207 raccoon 157
105424 Hero 71-06-TCS41-031905-2 3/19/2005 52 goose 157
105425 Hero 71-06-TCM46-031905-1 3/19/2005 52 goose 157
105426 Hero 71-06-TCM46-031905-1 3/19/2005 24 avian 157
105427 Hero 71-06-TCM46-031905-1 3/19/2005 79 avian 157
105428 Hero 71-06-TCM46-031905-2 3/19/2005 199 avian 157
105429 Hero 71-06-TCM46-031905-2 3/19/2005 147 rodent 157
105430 Hero 71-06-TCM46-031905-2 3/19/2005 89 avian 157
105431 Hero 71-06-MBS-031905-1 3/19/2005 71 avian 157
105432 Hero 71-06-MBS-031905-1 3/19/2005 10 avian 157
105433 Hero 71-06-MBS-031905-1 3/19/2005 57 avian 157
105434 Hero 71-06-MBS-031905-2 3/19/2005 236 u 157
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105435 Hero 71-06-MBS-031905-2 3/19/2005 207 raccoon 157
105436 Hero 71-06-MBS-031905-2 3/19/2005 207 raccoon 157
105437 Hero 71-06-MBN-031905-1 3/19/2005 35 rodent 157
105438 Hero 71-06-MBN-031905-1 3/19/2005 139 avian 157
105439 Hero 71-06-MBN-031905-1 3/19/2005 51 avian 157
105440 Hero 71-06-MBN-031905-2 3/19/2005 154 rodent 157
105441 Hero 71-06-MBN-031905-2 3/19/2005 154 rodent 157
105442 Hero 71-06-MBN-031905-2 3/19/2005 26 raccoon 157
105443 Hero 71-06-MBN-031905-2 3/19/2005 136 avian 157
105521 Hero 71-11-TCN64-032605-1 3/26/2005 9 dog 157
105522 Hero 71-11-TCN64-032605-1 3/26/2005 35 rodent 157
105523 Hero 71-11-TCN64-032605-1 3/26/2005 145 rodent 157
105524 Hero 71-11-TCS40-032605-1 3/26/2005 104 avian 157
105525 Hero 71-11-TCS40-032605-1 3/26/2005 154 rodent 157
105526 Hero 71-11-TCS40-032605-1 3/26/2005 2 canine 157
105527 Hero 71-11-TCN33-032605-1 3/26/2005 183 avian 157
105528 Hero 71-11-TCN33-032605-1 3/26/2005 134 raccoon 157
105529 Hero 71-11-TCN33-032605-1 3/26/2005 138 dog 157
105530 Hero 71-11-TCS41-032605-1 3/26/2005 40 dog 157
105531 Hero 71-11-TCS41-032605-1 3/26/2005 162 avian 157
105532 Hero 71-11-TCS41-032605-1 3/26/2005 17 rodent 157
105533 Hero 71-11-TCM46-032605-1 3/26/2005 165 avian 157
105534 Hero 71-11-TCM46-032605-1 3/26/2005 18 avian 157
105535 Hero 71-11-TCM46-032605-1 3/26/2005 165 avian 157
105536 Hero 71-11-MBS-032605-1 3/26/2005 207 raccoon 157
105537 Hero 71-11-MBS-032605-1 3/26/2005 36 feline 157
105538 Hero 71-11-MBS-032605-1 3/26/2005 36 feline 157
105539 Hero 71-11-MBN-032605-1 3/26/2005 173 avian 157
105540 Hero 71-11-MBN-032605-1 3/26/2005 36 feline 157
105541 Hero 71-11-MBN-032605-1 3/26/2005 36 feline 157
105542 Hero 71-11-MBN-032605-1 3/26/2005 207 raccoon 157
105546 Hero 71-13-TCN64-040105-1 4/1/2005 35 rodent 157
105547 Hero 71-13-TCN64-040105-1 4/1/2005 35 rodent 157
105548 Hero 71-13-TCN64-040105-1 4/1/2005 35 rodent 157
105549 Hero 71-13-TCN64-040105-1 4/1/2005 96 avian 157
105550 Hero 71-13-TCN64-040105-1 4/1/2005 35 rodent 157
105551 Hero 71-13-TCS40-040105-1 4/1/2005 154 rodent 157
105552 Hero 71-13-TCS40-040105-1 4/1/2005 3 canine 157
105553 Hero 71-13-TCS40-040105-1 4/1/2005 35 rodent 157
105554 Hero 71-13-TCS40-040105-2 4/1/2005 93 avian 157
105555 Hero 71-13-TCS40-040105-2 4/1/2005 52 goose 157
105556 Hero 71-13-TCS40-040105-2 4/1/2005 210 goose 157
105557 Hero 71-13-TCS41-040105-1 4/1/2005 182 avian 157
105558 Hero 71-13-TCS41-040105-1 4/1/2005 10 avian 157
105559 Hero 71-13-TCS41-040105-1 4/1/2005 32 dog 157
105560 Hero 71-13-TCS41-040105-2 4/1/2005 51 avian 157
105561 Hero 71-13-TCS41-040105-2 4/1/2005 51 avian 157
105562 Hero 71-13-TCS41-040105-2 4/1/2005 185 dog 157
105563 Hero 71-13-TCS41-040105-2 4/1/2005 170 dog 157
105564 Hero 71-13-TCN33-040105-1 4/1/2005 35 rodent 157
105565 Hero 71-13-TCN33-040105-1 4/1/2005 avian 157
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105566 Hero 71-13-TCN33-040105-2 4/1/2005 avian 157
105567 Hero 71-13-TCM46-040105-1 4/1/2005 212 avian 157
105568 Hero 71-13-TCM46-040105-1 4/1/2005 92 avian 157
105569 Hero 71-13-TCM46-040105-1 4/1/2005 27 rodent 157
105570 Hero 71-13-TCM46-040105-2 4/1/2005 35 rodent 157
105571 Hero 71-13-TCM46-040105-2 4/1/2005 169 avian 157
105572 Hero 71-13-TCM46-040105-2 4/1/2005 avian 157
105573 Hero 71-13-MBS-040105-1 4/1/2005 38 avian 157
105574 Hero 71-13-MBS-040105-1 4/1/2005 212 avian 157
105575 Hero 71-13-MBS-040105-1 4/1/2005 38 dog 157
105576 Hero 71-13-MBS-040105-2 4/1/2005 212 avian 157
105577 Hero 71-13-MBS-040105-2 4/1/2005 212 avian 157
105578 Hero 71-13-MBS-040105-2 4/1/2005 212 avian 157
105579 Hero 71-13-MBN-040105-1 4/1/2005 169 avian 157
105580 Hero 71-13-MBN-040105-1 4/1/2005 49 avian 157
105581 Hero 71-13-MBN-040105-1 4/1/2005 49 avian 157
105582 Hero 71-13-MBN-040105-1 4/1/2005 136 avian 157
105583 Hero 71-13-MBN-040105-2 4/1/2005 152 goose 157
105584 Hero 71-13-MBN-040105-2 4/1/2005 147 rodent 157
105585 Hero 71-13-MBN-040105-2 4/1/2005 169 avian 157
105818 Hero 71-16 TCN64-041605-1 4/16/2005 19 dog 157
105819 Hero 71-16 TCS41-041605-1 4/16/2005 avian 157
105820 Hero 71-16 TCS41-041605-1 4/16/2005 3 canine 157
105821 Hero 71-16 TCS41-041605-1 4/16/2005 3 canine 157
105822 Hero 71-16 TCS41-041605-1 4/16/2005 69 goose 157
105823 Hero 71-16 TCS41-041605-1 4/16/2005 193 squirrel 157
105824 Hero 71-16 TCS41-041605-1 4/16/2005 207 raccoon 157
105825 Hero 71-16 TCN33-041605-1 4/16/2005 233 avian 157
105826 Hero 71-16 TCN33-041605-1 4/16/2005 207 raccoon 157
105827 Hero 71-16 TCN33-041605-1 4/16/2005 157 dog 157
105828 Hero 71-16 TCN33-041605-1 4/16/2005 136 avian 157
105829 Hero 71-16 TCM46-041605-1 4/16/2005 26 raccoon 157
105830 Hero 71-16 TCM46-041605-1 4/16/2005 237 raccoon 157
105831 Hero 71-16 TCM46-041605-1 4/16/2005 82 raccoon 157
105832 Hero 71-16 TCM46-041605-1 4/16/2005 212 avian 157
105833 Hero 71-16 TCM46-041605-1 4/16/2005 avian 157
105834 Hero 71-16 MBS-041605-1 4/16/2005 35 rodent 157
105835 Hero 71-16 MBS-041605-1 4/16/2005 35 rodent 157
105836 Hero 71-16 MBS-041605-1 4/16/2005 35 rodent 157
105837 Hero 71-16 MBN-041605-1 4/16/2005 114 goose 157
105838 Hero 71-16 MBN-041605-1 4/16/2005 101 raccoon 157
105839 Hero 71-16 MBN-041605-1 4/16/2005 66 u 157
105840 Hero 71-20 TCM46-041905-1 4/19/2005 223 sewage 157
105841 Hero 71-20 TCM46-041905-1 4/19/2005 223 sewage 157
105842 Hero 71-20 TCM46-041905-1 4/19/2005 92 avian 157
105843 Hero 71-20 TCM46-041905-1 4/19/2005 92 avian 157
105844 Hero 71-20 TCM46-041905-2 4/19/2005 10 avian 157
105845 Hero 71-20 TCM46-041905-2 4/19/2005 136 avian 157
105846 Hero 71-20 TCM46-041905-2 4/19/2005 168 canine 157
105847 Hero 71-20 TCM46-041905-3 4/19/2005 212 avian 157
105848 Hero 71-20 TCM46-041905-3 4/19/2005 223 sewage 157
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105849 Hero 71-20 TCM46-041905-3 4/19/2005 92 avian 157
105850 Hero 71-20 MBS-041905-1 4/19/2005 56 dog 157
105851 Hero 71-20 MBS-041905-1 4/19/2005 78 raccoon 157
105852 Hero 71-20 MBS-041905-1 4/19/2005 207 raccoon 157
105853 Hero 71-20 MBS-041905-2 4/19/2005 119 avian 157
105854 Hero 71-20 MBS-041905-2 4/19/2005 35 rodent 157
105855 Hero 71-20 MBS-041905-2 4/19/2005 75 duck 157
105856 Hero 71-20 MBS-041905-3 4/19/2005 83 rodent 157
105857 Hero 71-20 MBS-041905-3 4/19/2005 92 avian 157
105858 Hero 71-20 MBS-041905-3 4/19/2005 207 raccoon 157
105859 Hero 71-20 MBN-041905-1 4/19/2005 225 dog 157
105860 Hero 71-20 MBN-041905-1 4/19/2005 211 avian 157
105861 Hero 71-20 MBN-041905-1 4/19/2005 211 avian 157
105862 Hero 71-20 MBN-041905-1 4/19/2005 30 avian 157
105863 Hero 71-20 MBN-041905-2 4/19/2005 211 avian 157
105864 Hero 71-20 MBN-041905-2 4/19/2005 211 avian 157
105865 Hero 71-20 MBN-041905-2 4/19/2005 30 avian 157
105866 Hero 71-20 MBN-041905-2 4/19/2005 211 avian 157
105867 Hero 71-20 MBN-041905-2 4/19/2005 207 raccoon 157
105868 Hero 71-20 MBN-041905-3 4/19/2005 211 avian 157
105869 Hero 71-20 MBN-041905-3 4/19/2005 225 dog 157
105973 Hero 71-20 TCS41-041905-1 4/19/2005 26 raccoon 157
105974 Hero 71-20 TCS41-041905-1 4/19/2005 101 raccoon 157
105975 Hero 71-20 TCS41-041905-2 4/19/2005 220 avian 157
105976 Hero 71-20 TCS41-041905-2 4/19/2005 231 avian 157
105977 Hero 71-20 TCS41-041905-3 4/19/2005 35 rodent 157
105978 Hero 71-20 TCS41-041905-3 4/19/2005 35 rodent 157
105979 Hero 71-20 TCS41-041905-3 4/19/2005 136 avian 157
105980 Hero 71-20 TCN33-041905-1 4/19/2005 149 dog 157
105981 Hero 71-20 TCN33-041905-1 4/19/2005 149 dog 157
105982 Hero 71-20 TCN33-041905-1 4/19/2005 84 goose 157
105983 Hero 71-20 TCN33-041905-1 4/19/2005 149 dog 157
105984 Hero 71-20 TCN33-041905-2 4/19/2005 70 sewage 157
105985 Hero 71-20 TCN33-041905-2 4/19/2005 220 avian 157
105986 Hero 71-20 TCN33-041905-3 4/19/2005 70 sewage 157
105987 Hero 71-20 TCN33-041905-3 4/19/2005 44 raccoon 157
105988 Hero 71-20 TCN33-041905-3 4/19/2005 70 sewage 157
105989 Hero 71-20 TCN64-041905-1 4/19/2005 207 raccoon 157
105990 Hero 71-20 TCN64-041905-1 4/19/2005 216 avian 157
105991 Hero 71-20 TCN64-041905-1 4/19/2005 207 raccoon 157
105992 Hero 71-20 TCN64-041905-2 4/19/2005 207 raccoon 157
105993 Hero 71-20 TCN64-041905-2 4/19/2005 207 raccoon 157
105994 Hero 71-20 TCN64-041905-2 4/19/2005 207 raccoon 157
105995 Hero 71-20 TCN64-041905-2 4/19/2005 226 raccoon 157
105996 Hero 71-20 TCN64-041905-3 4/19/2005 216 avian 157
105997 Hero 71-20 TCN64-041905-3 4/19/2005 207 raccoon 157
105998 Hero 71-20 TCS40-041905-1 4/19/2005 121 avian 157
105999 Hero 71-20 TCS40-041905-1 4/19/2005 121 avian 157
106000 Hero 71-20 TCS40-041905-2 4/19/2005 avian 157
106001 Hero 71-20 TCS40-041905-2 4/19/2005 avian 157
106002 Hero 71-20 TCS40-041905-2 4/19/2005 avian 157
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106003 Hero 71-20 TCS40-041905-2 4/19/2005 121 avian 157
106004 Hero 71-20 TCS40-041905-2 4/19/2005 avian 157
106005 Hero 71-20 TCS40-041905-3 4/19/2005 121 avian 157
106006 Hero 71-20 TCS40-041905-3 4/19/2005 121 avian 157
106007 Hero 71-20 TCS40-041905-3 4/19/2005 121 avian 157
106008 Hero 71-20 TCS40-041905-3 4/19/2005 134 raccoon 157
106009 Hero 71-20 TCS40-041905-3 4/19/2005 121 avian 157
106529 TCN64-051805-1 5/18/2005 58 goose 157
106530 TCN64-051805-1 5/18/2005 58 goose 157
106531 TCN64-051805-1 5/18/2005 85 duck 157
106532 TCN64-051805-2 5/18/2005 207 raccoon 157
106533 TCN64-051805-2 5/18/2005 21 u 157
106534 TCN64-051805-2 5/18/2005 189 avian 157
106535 TCN64-051805-3 5/18/2005 171 rodent 157
106536 TCN64-051805-3 5/18/2005 29 rodent 157
106537 TCN64-051805-3 5/18/2005 181 avian 157
106538 TCS40-051805-1 5/18/2005 17 rodent 157
106539 TCS40-051805-1 5/18/2005 37 opossum 157
106540 TCS40-051805-1 5/18/2005 145 rodent 157
106541 TCS40-051805-1 5/18/2005 145 rodent 157
106542 TCS40-051805-2 5/18/2005 145 rodent 157
106543 TCS40-051805-2 5/18/2005 45 u 157
106544 TCS40-051805-2 5/18/2005 145 rodent 157
106545 TCS40-051805-3 5/18/2005 35 rodent 157
106546 TCS40-051805-3 5/18/2005 145 rodent 157
106547 TCS40-051805-3 5/18/2005 35 rodent 157
106548 TCN33-051805-1 5/18/2005 238 u 157
106549 TCN33-051805-1 5/18/2005 92 avian 157
106550 TCN33-051805-1 5/18/2005 79 avian 157
106551 TCN33-051805-2 5/18/2005 11 avian 157
106552 TCN33-051805-2 5/18/2005 57 avian 157
106553 TCN33-051805-2 5/18/2005 18 avian 157
106554 TCN33-051805-3 5/18/2005 161 avian 157
106555 TCN33-051805-3 5/18/2005 57 avian 157
106556 TCN33-051805-3 5/18/2005 140 dog 157
106557 TCS41-051805-1 5/18/2005 130 avian 157
106558 TCS41-051805-1 5/18/2005 187 canine 157
106559 TCS41-051805-1 5/18/2005 192 squirrel 157
106560 TCS41-051805-2 5/18/2005 17 rodent 157
106561 TCS41-051805-2 5/18/2005 17 rodent 157
106562 TCS41-051805-2 5/18/2005 207 raccoon 157
106563 TCS41-051805-2 5/18/2005 35 rodent 157
106564 TCS41-051805-3 5/18/2005 26 raccoon 157
106565 TCS41-051805-3 5/18/2005 233 avian 157
106566 TCS41-051805-3 5/18/2005 188 avian 157
106567 TCM46-051805-1 5/18/2005 avian 157
106568 TCM46-051805-1 5/18/2005 231 avian 157
106569 TCM46-051805-1 5/18/2005 56 dog 157
106570 TCM46-051805-2 5/18/2005 dog 157
106571 TCM46-051805-2 5/18/2005 46 duck 157
106572 TCM46-051805-2 5/18/2005 139 avian 157
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106573 TCM46-051805-3 5/18/2005 83 rodent 157
106574 TCM46-051805-3 5/18/2005 141 dog 157
106575 TCM46-051805-3 5/18/2005 231 avian 157
106576 MBS-051805-1 5/18/2005 89 avian 157
106577 MBS-051805-1 5/18/2005 89 avian 157
106578 MBS-051805-1 5/18/2005 89 avian 157
106579 MBS-051805-2 5/18/2005 35 rodent 157
106580 MBS-051805-2 5/18/2005 42 dog 157
106581 MBS-051805-2 5/18/2005 35 rodent 157
106582 MBS-051805-2 5/18/2005 62 opossum 157
106583 MBS-051805-3 5/18/2005 203 rodent 157
106584 MBS-051805-3 5/18/2005 207 raccoon 157
106585 MBS-051805-3 5/18/2005 202 rodent 157
106586 MBN -051805-1 5/18/2005 89 avian 157
106587 MBN -051805-1 5/18/2005 230 u 157
106588 MBN -051805-1 5/18/2005 221 avian 157
106589 MBN -051805-2 5/18/2005 117 u 157
106590 MBN -051805-2 5/18/2005 31 dog 157
106591 MBN -051805-2 5/18/2005 35 rodent 157
106592 MBN -051805-3 5/18/2005 35 rodent 157
106593 MBN -051805-3 5/18/2005 1 avian 157
106594 MBN -051805-3 5/18/2005 207 raccoon 157
107271 TCN64-062905-1 6/29/2005 61 sewage 157
107272 TCN64-062905-1 6/29/2005 1 avian 157
107273 TCN64-062905-2 6/29/2005 207 raccoon 157
107274 TCN64-062905-2 6/29/2005 60 goose 157
107275 TCN64-062905-2 6/29/2005 92 avian 157
107276 TCN64-062905-3 6/29/2005 59 goose 157
107277 TCN64-062905-3 6/29/2005 58 goose 157
107278 TCN64-062905-3 6/29/2005 58 goose 157
107279 TCS40-062905-1 6/29/2005 124 human 157
107280 TCS40-062905-1 6/29/2005 124 human 157
107281 TCS40-062905-1 6/29/2005 124 human 157
107282 TCS40-062905-1 6/29/2005 176 canine 157
107283 TCS40-062905-2 6/29/2005 125 u 157
107284 TCS40-062905-2 6/29/2005 89 avian 157
107285 TCS40-062905-2 6/29/2005 176 canine 157
107286 TCS40-062905-3 6/29/2005 64 rodent 157
107287 TCS40-062905-3 6/29/2005 125 u 157
107288 TCS40-062905-3 6/29/2005 63 goose 157
107289 TCN33-062905-1 6/29/2005 36 feline 157
107290 TCN33-062905-1 6/29/2005 44 raccoon 157
107291 TCN33-062905-1 6/29/2005 128 avian 157
107292 TCN33-062905-2 6/29/2005 151 sewage 157
107293 TCN33-062905-2 6/29/2005 43 avian 157
107294 TCN33-062905-2 6/29/2005 158 dog 157
107295 TCN33-062905-3 6/29/2005 156 dog 157
107296 TCN33-062905-3 6/29/2005 150 sewage 157
107297 TCN33-062905-3 6/29/2005 4 u 157
107298 TCS41-062905-1 6/29/2005 212 avian 157
107299 TCS41-062905-1 6/29/2005 231 avian 157
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107300 TCS41-062905-1 6/29/2005 44 raccoon 157
107301 TCS41-062905-1 6/29/2005 44 raccoon 157
107302 TCS41-062905-2 6/29/2005 30 avian 157
107303 TCS41-062905-2 6/29/2005 48 canine 157
107304 TCS41-062905-2 6/29/2005 232 dog 157
107305 TCS41-062905-3 6/29/2005 153 goose 157
107306 TCS41-062905-3 6/29/2005 10 avian 157
107307 TCS41-062905-3 6/29/2005 13 dog 157
107308 TCM46-062905-1 6/29/2005 dog 157
107309 TCM46-062905-1 6/29/2005 231 dog 157
107310 TCM46-062905-1 6/29/2005 228 avian 157
107311 TCM46-062905-2 6/29/2005 10 avian 157
107312 TCM46-062905-2 6/29/2005 186 raccoon 157
107313 TCM46-062905-2 6/29/2005 186 raccoon 157
107314 TCM46-062905-3 6/29/2005 186 raccoon 157
107315 TCM46-062905-3 6/29/2005 186 raccoon 157
107316 TCM46-062905-3 6/29/2005 186 raccoon 157
107317 MBS-062905-1 6/29/2005 30 avian 157
107318 MBS-062905-1 6/29/2005 41 squirrel 157
107319 MBS-062905-1 6/29/2005 230 u 157
107320 MBS-062905-2 6/29/2005 89 avian 157
107321 MBS-062905-2 6/29/2005 89 avian 157
107322 MBS-062905-2 6/29/2005 145 rodent 157
107323 MBS-062905-2 6/29/2005 79 avian 157
107324 MBS-062905-3 6/29/2005 231 avian 157
107325 MBS-062905-3 6/29/2005 35 rodent 157
107326 MBS-062905-3 6/29/2005 231 avian 157
107327 MBN-062905-1 6/29/2005 39 avian 157
107328 MBN-062905-1 6/29/2005 35 rodent 157
107329 MBN-062905-1 6/29/2005 35 rodent 157
107330 MBN-062905-2 6/29/2005 231 avian 157
107331 MBN-062905-3 6/29/2005 35 rodent 157
107332 MBN-062905-2 6/29/2005 17 rodent 157
107333 MBN-062905-2 6/29/2005 76 dog 157
107334 MBN-062905-2 6/29/2005 216 avian 157
107335 MBN-062905-2 6/29/2005 191 avian 157
108640 TCN64-081605-1 8/16/2005 207 raccoon 157
108641 TCN64-081605-1 8/16/2005 207 raccoon 157
108642 TCN64-081605-1 8/16/2005 146 avian 157
108643 TCN64-081605-1 8/16/2005 231 dog 157
108644 TCN64-081605-2 8/16/2005 207 raccoon 157
108645 TCN64-081605-2 8/16/2005 68 rodent 157
108646 TCN64-081605-2 8/16/2005 29 rodent 157
108647 TCN64-081605-3 8/16/2005 119 avian 157
108648 TCN64-081605-3 8/16/2005 136 avian 157
108649 TCN64-081605-3 8/16/2005 106 canine 157
108650 TCS40-081605-1 8/16/2005 207 raccoon 157
108651 TCS40-081605-1 8/16/2005 207 raccoon 157
108652 TCS40-081605-1 8/16/2005 207 raccoon 157
108653 TCS40-081605-2 8/16/2005 207 raccoon 157
108654 TCS40-081605-2 8/16/2005 62 opossum 157
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108655 TCS40-081605-2 8/16/2005 112 dog 157
108656 TCS40-081605-3 8/16/2005 207 raccoon 157
108657 TCS40-081605-3 8/16/2005 207 raccoon 157
108658 TCS40-081605-3 8/16/2005 207 raccoon 157
108659 TCN33-081605-1 8/16/2005 231 avian 157
108660 TCN33-081605-1 8/16/2005 6 raccoon 157
108661 TCN33-081605-1 8/16/2005 6 raccoon 157
108662 TCN33-081605-1 8/16/2005 29 rodent 157
108663 TCN33-081605-2 8/16/2005 30 avian 157
108664 TCN33-081605-2 8/16/2005 29 rodent 157
108665 TCN33-081605-2 8/16/2005 20 raccoon 157
108666 TCN33-081605-3 8/16/2005 231 avian 157
108667 TCN33-081605-3 8/16/2005 17 rodent 157
108668 TCN33-081605-3 8/16/2005 30 avian 157
108669 TCS41-081605-1 8/16/2005 216 avian 157
108670 TCS41-081605-1 8/16/2005 159 avian 157
108671 TCS41-081605-1 8/16/2005 92 avian 157
108672 TCS41-081605-2 8/16/2005 26 raccoon 157
108673 TCS41-081605-2 8/16/2005 30 avian 157
108674 TCS41-081605-2 8/16/2005 30 avian 157
108675 TCS41-081605-3 8/16/2005 207 raccoon 157
108676 TCS41-081605-3 8/16/2005 10 avian 157
108677 TCS41-081605-3 8/16/2005 68 rodent 157
108678 TCM46-081605-1 8/16/2005 136 avian 157
108679 TCM46-081605-1 8/16/2005 231 avian 157
108680 TCM46-081605-1 8/16/2005 160 u 157
108681 TCM46-081605-1 8/16/2005 160 u 157
108682 TCM46-081605-2 8/16/2005 136 avian 157
108683 TCM46-081605-2 8/16/2005 136 avian 157
108684 TCM46-081605-2 8/16/2005 35 rodent 157
108685 TCM46-081605-3 8/16/2005 231 avian 157
108686 TCM46-081605-3 8/16/2005 1 avian 157
108687 TCM46-081605-3 8/16/2005 136 avian 157
108688 MBS-081605-1 8/16/2005 231 avian 157
108689 MBS-081605-1 8/16/2005 44 raccoon 157
108690 MBS-081605-1 8/16/2005 241 avian 157
108691 MBS-081605-2 8/16/2005 231 dog 157
108692 MBS-081605-2 8/16/2005 dog 157
108693 MBS-081605-2 8/16/2005 171 rodent 157
108694 MBS-081605-3 8/16/2005 207 raccoon 157
108695 MBS-081605-3 8/16/2005 35 rodent 157
108696 MBS-081605-3 8/16/2005 231 dog 157
108697 MBN-081605-1 8/16/2005 89 avian 157
108698 MBN-081605-1 8/16/2005 89 avian 157
108699 MBN-081605-1 8/16/2005 26 raccoon 157
108700 MBN-081605-2 8/16/2005 95 u 157
108701 MBN-081605-2 8/16/2005 95 u 157
108702 MBN-081605-2 8/16/2005 35 rodent 157
108703 MBN-081605-2 8/16/2005 44 avian 157
108704 MBN-081605-3 8/16/2005 139 avian 157
108705 MBN-081605-3 8/16/2005 1 avian 157
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108706 MBN-081605-3 8/16/2005 212 avian 157
108707 MBN-081605-3 8/16/2005 207 raccoon 157
109854 TCM46-090705-15 9/7/2005 79 avian 157
109855 TCM46-090705-15 9/7/2005 17 rodent 157
109856 TCM46-090705-15 9/7/2005 30 avian 157
109857 TCM46-090705-15 9/7/2005 88 u 157
109858 TCM46-090705-15 9/7/2005 17 rodent 157
109859 TCM46-090705-25 9/7/2005 154 rodent 157
109860 TCM46-090705-25 9/7/2005 139 avian 157
109861 TCM46-090705-25 9/7/2005 139 avian 157
109862 TCM46-090705-25 9/7/2005 198 u 157
109863 TCM46-090705-25 9/7/2005 154 rodent 157
109864 TCM46-090705-25 9/7/2005 139 avian 157
109865 TCM46-090705-35 9/7/2005 116 dog 157
109866 TCM46-090705-35 9/7/2005 154 rodent 157
109867 TCM46-090705-35 9/7/2005 195 avian 157
109868 TCM46-090705-35 9/7/2005 215 avian 157
109869 TCM46-090705-35 9/7/2005 195 avian 157
109870 MBS-090705-15 9/7/2005 229 u 157
109871 MBS-090705-15 9/7/2005 17 rodent 157
109872 MBS-090705-15 9/7/2005 17 rodent 157
109873 MBS-090705-15 9/7/2005 18 avian 157
109874 MBS-090705-15 9/7/2005 30 avian 157
109875 MBS-090705-25 9/7/2005 92 avian 157
109876 MBS-090705-25 9/7/2005 126 sewage 157
109877 MBS-090705-25 9/7/2005 10 avian 157
109878 MBS-090705-25 9/7/2005 1 avian 157
109879 MBS-090705-25 9/7/2005 30 avian 157
109880 MBS-090705-35 9/7/2005 229 u 157
109881 MBS-090705-35 9/7/2005 229 u 157
109882 MBS-090705-35 9/7/2005 7 u 157
109883 MBS-090705-35 9/7/2005 35 rodent 157
109884 MBS-090705-35 9/7/2005 35 rodent 157
109885 MBS-090705-35 9/7/2005 229 u 157
109886 MBN-090705-15 9/7/2005 14 opossum 157
109887 MBN-090705-15 9/7/2005 105 avian 157
109888 MBN-090705-15 9/7/2005 30 avian 157
109889 MBN-090705-15 9/7/2005 10 avian 157
109890 MBN-090705-15 9/7/2005 10 avian 157
109891 MBN-090705-25 9/7/2005 35 rodent 157
109892 MBN-090705-25 9/7/2005 44 raccoon 157
109893 MBN-090705-25 9/7/2005 92 avian 157
109894 MBN-090705-25 9/7/2005 136 avian 157
109895 MBN-090705-25 9/7/2005 10 avian 157
109896 MBN-090705-35 9/7/2005 30 avian 157
109897 MBN-090705-35 9/7/2005 30 avian 157
109898 MBN-090705-35 9/7/2005 26 raccoon 157
109899 MBN-090705-35 9/7/2005 30 avian 157
109900 MBN-090705-35 9/7/2005 30 avian 157
109901 MBN-090705-35 9/7/2005 30 avian 157
109902 MBN-090705-35 9/7/2005 30 avian 157
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110491 TCN64-100205-1 10/2/2005 16 u 157
110492 TCN64-100205-1 10/2/2005 79 avian 157
110493 TCN64-100205-1 10/2/2005 17 rodent 157
110494 TCN64-100205-2 10/2/2005 136 avian 157
110495 TCN64-100205-2 10/2/2005 52 goose 157
110496 TCN64-100205-2 10/2/2005 92 avian 157
110497 TCN64-100205-3 10/2/2005 17 rodent 157
110498 TCN64-100205-3 10/2/2005 226 raccoon 157
110499 TCN64-100205-3 10/2/2005 17 rodent 157
110500 TCS40-100205-1 10/2/2005 18 avian 157
110501 TCS40-100205-1 10/2/2005 18 avian 157
110502 TCS40-100205-1 10/2/2005 50 avian 157
110503 TCS40-100205-1 10/2/2005 145 rodent 157
110504 TCS40-100205-2 10/2/2005 111 u 157
110505 TCS40-100205-2 10/2/2005 89 avian 157
110506 TCS40-100205-2 10/2/2005 126 sewage 157
110507 TCS40-100205-3 10/2/2005 18 avian 157
110508 TCS40-100205-3 10/2/2005 79 avian 157
110509 TCS40-100205-3 10/2/2005 52 goose 157
110510 TCN33-100205-1 10/2/2005 1 avian 157
110511 TCN33-100205-1 10/2/2005 182 avian 157
110512 TCN33-100205-1 10/2/2005 35 rodent 157
110513 TCN33-100205-2 10/2/2005 154 rodent 157
110514 TCN33-100205-2 10/2/2005 18 avian 157
110515 TCN33-100205-2 10/2/2005 212 avian 157
110516 TCN33-100205-3 10/2/2005 80 u 157
110517 TCN33-100205-3 10/2/2005 216 avian 157
110518 TCN33-100205-3 10/2/2005 86 sewage 157
110519 TCS41-100205-1 10/2/2005 136 avian 157
110520 TCS41-100205-1 10/2/2005 92 avian 157
110521 TCS41-100205-1 10/2/2005 92 avian 157
110522 TCS41-100205-1 10/2/2005 231 avian 157
110523 TCS41-100205-2 10/2/2005 49 avian 157
110524 TCS41-100205-2 10/2/2005 10 avian 157
110525 TCS41-100205-2 10/2/2005 210 goose 157
110526 TCS41-100205-3 10/2/2005 35 rodent 157
110527 TCS41-100205-3 10/2/2005 143 rodent 157
110528 TCS41-100205-3 10/2/2005 224 rodent 157
110529 TCM46-100205-1 10/2/2005 154 rodent 157
110530 TCM46-100205-1 10/2/2005 62 opossum 157
110531 TCM46-100205-1 10/2/2005 62 opossum 157
110532 TCM46-100205-2 10/2/2005 10 avian 157
110533 TCM46-100205-2 10/2/2005 52 goose 157
110534 TCM46-100205-2 10/2/2005 52 goose 157
110535 TCM46-100205-3 10/2/2005 15 u 157
110536 TCM46-100205-3 10/2/2005 10 avian 157
110537 TCM46-100205-3 10/2/2005 216 avian 157
110538 MBS-100205-1 10/2/2005 17 rodent 157
110539 MBS-100205-1 10/2/2005 23 duck 157
110540 MBS-100205-1 10/2/2005 22 u 157
110541 MBS-100205-1 10/2/2005 22 u 157
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110542 MBS-100205-2 10/2/2005 33 avian 157
110543 MBS-100205-2 10/2/2005 90 goose 157
110544 MBS-100205-2 10/2/2005 190 avian 157
110545 MBS-100205-3 10/2/2005 145 rodent 157
110546 MBS-100205-3 10/2/2005 145 rodent 157
110547 MBS-100205-3 10/2/2005 35 rodent 157
110548 MBN-100205-1 10/2/2005 10 avian 157
110549 MBN-100205-1 10/2/2005 204 sewage 157
110550 MBN-100205-1 10/2/2005 123 u 157
110551 MBN-100205-2 10/2/2005 35 rodent 157
110552 MBN-100205-2 10/2/2005 77 u 157
110553 MBN-100205-2 10/2/2005 240 u 157
110554 MBN-100205-3 10/2/2005 133 avian 157
110555 MBN-100205-3 10/2/2005 92 avian 157
110556 MBN-100205-3 10/2/2005 77 u 157
110616 TCN64-102505-1 10/25/2005 177 avian 157
110617 TCN64-102505-1 10/25/2005 92 avian 157
110618 TCN64-102505-1 10/25/2005 92 avian 157
110619 TCN64-102505-2 10/25/2005 154 rodent 157
110620 TCN64-102505-2 10/25/2005 92 avian 157
110621 TCN64-102505-2 10/25/2005 92 avian 157
110622 TCN64-102505-2 10/25/2005 92 avian 157
110623 TCN64-102505-3 10/25/2005 177 avian 157
110624 TCN64-102505-3 10/25/2005 92 avian 157
110625 TCN64-102505-3 10/25/2005 92 avian 157
110626 TCS40-102505-1 10/25/2005 120 dog 157
110627 TCS40-102505-1 10/25/2005 139 avian 157
110628 TCS40-102505-1 10/25/2005 10 avian 157
110629 TCS40-102505-2 10/25/2005 120 dog 157
110630 TCS40-102505-2 10/25/2005 127 sewage 157
110631 TCS40-102505-2 10/25/2005 120 dog 157
110632 TCS40-102505-3 10/25/2005 154 rodent 157
110633 TCS40-102505-3 10/25/2005 154 rodent 157
110634 TCS40-102505-3 10/25/2005 127 sewage 157
110635 TCN33-102505-1 10/25/2005 87 dog 157
110636 TCN33-102505-1 10/25/2005 149 dog 157
110637 TCN33-102505-1 10/25/2005 149 dog 157
110638 TCN33-102505-2 10/25/2005 149 dog 157
110639 TCN33-102505-2 10/25/2005 17 rodent 157
110640 TCN33-102505-2 10/25/2005 149 dog 157
110641 TCN33-102505-2 10/25/2005 149 dog 157
110642 TCN33-102505-3 10/25/2005 154 rodent 157
110643 TCN33-102505-3 10/25/2005 8 raccoon 157
110644 TCN33-102505-3 10/25/2005 107 raccoon 157
110645 TCS41-102505-1 10/25/2005 5 duck 157
110646 TCS41-102505-1 10/25/2005 190 rodent 157
110647 TCS41-102505-1 10/25/2005 5 duck 157
110648 TCS41-102505-2 10/25/2005 92 avian 157
110649 TCS41-102505-2 10/25/2005 92 avian 157
110650 TCS41-102505-2 10/25/2005 92 avian 157
110651 TCS41-102505-3 10/25/2005 212 avian 157
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110652 TCS41-102505-3 10/25/2005 52 goose 157
110653 TCS41-102505-3 10/25/2005 212 avian 157
110654 TCM46-102505-1 10/25/2005 17 rodent 157
110655 TCM46-102505-1 10/25/2005 83 rodent 157
110656 TCM46-102505-1 10/25/2005 50 avian 157
110657 TCM46-102505-2 10/25/2005 50 avian 157
110658 TCM46-102505-2 10/25/2005 35 rodent 157
110659 TCM46-102505-2 10/25/2005 17 rodent 157
110660 TCM46-102505-3 10/25/2005 94 raccoon 157
110661 TCM46-102505-3 10/25/2005 94 raccoon 157
110662 TCM46-102505-3 10/25/2005 44 raccoon 157
110663 TCM46-102505-3 10/25/2005 92 avian 157
110664 MBS-102505-1 10/25/2005 35 rodent 157
110665 MBS-102505-1 10/25/2005 219 avian 157
110666 MBS-102505-1 10/25/2005 92 avian 157
110667 MBS-102505-2 10/25/2005 92 avian 157
110668 MBS-102505-2 10/25/2005 92 avian 157
110669 MBS-102505-2 10/25/2005 92 avian 157
110670 MBS-102505-3 10/25/2005 92 avian 157
110671 MBS-102505-3 10/25/2005 207 raccoon 157
110672 MBS-102505-3 10/25/2005 207 raccoon 157
110673 MBN-102505-1 10/25/2005 231 dog 157
110674 MBN-102505-1 10/25/2005 201 u 157
110675 MBN-102505-1 10/25/2005 83 rodent 157
110676 MBN-102505-2 10/25/2005 139 avian 157
110677 MBN-102505-2 10/25/2005 35 rodent 157
110678 MBN-102505-2 10/25/2005 10 avian 157
110679 MBN-102505-3 10/25/2005 47 canine 157
110680 MBN-102505-3 10/25/2005 139 avian 157
110681 MBN-102505-3 10/25/2005 139 avian 157
110682 MBN-102505-3 10/25/2005 9 dog 157
110683 MBP-102505-1 10/25/2005 239 dog 157
110684 MBP-102505-1 10/25/2005 34 dog 157
110685 MBP-102505-1 10/25/2005 239 dog 157
110755 TCS40-102805-1 10/28/2005 136 avian 157
110756 TCS40-102805-1 10/28/2005 231 avian 157
110757 TCS40-102805-1 10/28/2005 35 rodent 157
110758 TCN64-102805-1 10/28/2005 207 raccoon 157
110759 TCN64-102805-1 10/28/2005 10 avian 157
110760 TCN64-102805-1 10/28/2005 35 rodent 157
110761 TCN64-102805-1 10/28/2005 35 rodent 157
110762 TCN33-102805-1 10/28/2005 35 rodent 157
110763 TCN33-102805-1 10/28/2005 231 dog 157
110764 TCN33-102805-1 10/28/2005 92 avian 157
110765 TCS41-102805-1 10/28/2005 35 rodent 157
110766 TCS41-102805-1 10/28/2005 190 rodent 157
110767 TCS41-102805-1 10/28/2005 207 raccoon 157
110768 TCM46-102805-1 10/28/2005 139 avian 157
110769 TCM46-102805-1 10/28/2005 35 rodent 157
110770 TCM46-102805-1 10/28/2005 190 avian 157
110771 MBS-102805-1 10/28/2005 35 rodent 157
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110772 MBS-102805-1 10/28/2005 83 rodent 157
110773 MBS-102805-1 10/28/2005 133 avian 157
110774 MBN-102805-1 10/28/2005 89 avian 157
110775 MBN-102805-1 10/28/2005 10 avian 157
110776 MBN-102805-1 10/28/2005 139 avian 157
110777 TCN64-103105-2 10/31/2005 44 raccoon 157
110778 TCN64-103105-2 10/31/2005 19 dog 157
110779 TCN64-103105-2 10/31/2005 35 rodent 157
110780 TCS40-103105-2 10/31/2005 35 rodent 157
110781 TCS40-103105-2 10/31/2005 35 rodent 157
110782 TCS40-103105-2 10/31/2005 166 avian 157
110783 TCS40-103105-2 10/31/2005 166 avian 157
110784 TCN33-103105-2 10/31/2005 119 avian 157
110785 TCN33-103105-2 10/31/2005 35 rodent 157
110786 TCN33-103105-2 10/31/2005 17 rodent 157
110787 TCS41-103105-2 10/31/2005 54 sewage 157
110788 TCS41-103105-2 10/31/2005 sewage 157
110789 TCS41-103105-2 10/31/2005 10 avian 157
110790 TCM46-103105-2 10/31/2005 187 canine 157
110791 TCM46-103105-2 10/31/2005 187 canine 157
110792 TCM46-103105-2 10/31/2005 35 rodent 157
110793 MBS-103105-2 10/31/2005 35 rodent 157
110794 MBS-103105-2 10/31/2005 79 avian 157
110795 MBN-103105-2 10/31/2005 154 rodent 157
110796 MBN-103105-2 10/31/2005 rodent 157
110797 MBN-103105-2 10/31/2005 148 u 157
110798 TCN64-110105-3 11/1/2005 119 avian 157
110799 TCN64-110105-3 11/1/2005 92 avian 157
110800 TCN64-110105-3 11/1/2005 109 canine 157
110801 TCN64-110105-3 11/1/2005 109 canine 157
110802 TCS40-110105-3 11/1/2005 207 raccoon 157
110803 TCS40-110105-3 11/1/2005 209 avian 157
110804 TCS40-110105-3 11/1/2005 10 avian 157
110805 TCN33-110105-3 11/1/2005 166 avian 157
110806 TCN33-110105-3 11/1/2005 236 u 157
110807 TCN33-110105-3 11/1/2005 74 feline 157
110808 TCS41-110105-3 11/1/2005 35 rodent 157
110809 TCS41-110105-3 11/1/2005 5 duck 157
110810 TCS41-110105-3 11/1/2005 222 raccoon 157
110811 TCM46-110105-3 11/1/2005 17 rodent 157
110812 TCM46-110105-3 11/1/2005 132 goose 157
110813 TCM46-110105-3 11/1/2005 212 avian 157
110814 MBS-110105-3 11/1/2005 216 avian 157
110815 MBS-110105-3 11/1/2005 92 avian 157
110816 MBS-110105-3 11/1/2005 227 dog 157
110817 MBN-110105-3 11/1/2005 29 rodent 157
110818 MBN-110105-3 11/1/2005 234 dog 157
110819 MBN-110105-3 11/1/2005 118 u 157
111097 TCN64-112105-1 11/21/2005 207 raccoon 157
111098 TCN64-112105-1 11/21/2005 216 avian 157
111099 TCN64-112105-1 11/21/2005 9 dog 157
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111100 TCN64-112105-2 11/21/2005 35 rodent 157
111101 TCN64-112105-2 11/21/2005 35 rodent 157
111102 TCN64-112105-2 11/21/2005 231 dog 157
111103 TCN64-112105-2 11/21/2005 35 rodent 157
111104 TCN64-112105-3 11/21/2005 207 raccoon 157
111105 TCN64-112105-3 11/21/2005 216 avian 157
111106 TCN64-112105-3 11/21/2005 216 avian 157
111107 TCS40-112105-1 11/21/2005 28 avian 157
111108 TCS40-112105-1 11/21/2005 10 avian 157
111109 TCS40-112105-1 11/21/2005 10 avian 157
111110 TCS40-112105-2 11/21/2005 154 rodent 157
111111 TCS40-112105-2 11/21/2005 10 avian 157
111112 TCS40-112105-2 11/21/2005 10 avian 157
111113 TCS40-112105-3 11/21/2005 212 avian 157
111114 TCS40-112105-3 11/21/2005 10 avian 157
111115 TCS40-112105-3 11/21/2005 10 avian 157
111116 TCN33-112105-1 11/21/2005 92 avian 157
111117 TCN33-112105-1 11/21/2005 35 rodent 157
111118 TCN33-112105-1 11/21/2005 30 avian 157
111119 TCN33-112105-2 11/21/2005 30 avian 157
111120 TCN33-112105-2 11/21/2005 30 avian 157
111121 TCN33-112105-2 11/21/2005 30 avian 157
111122 TCN33-112105-2 11/21/2005 131 u 157
111123 TCN33-112105-3 11/21/2005 223 sewage 157
111124 TCN33-112105-3 11/21/2005 30 avian 157
111125 TCN33-112105-3 11/21/2005 30 avian 157
111126 TCS41-112105-1 11/21/2005 164 u 157
111127 TCS41-112105-1 11/21/2005 175 u 157
111128 TCS41-112105-1 11/21/2005 91 avian 157
111129 TCS41-112105-2 11/21/2005 35 rodent 157
111130 TCS41-112105-2 11/21/2005 92 avian 157
111131 TCS41-112105-2 11/21/2005 92 avian 157
111132 TCS41-112105-3 11/21/2005 35 rodent 157
111133 TCS41-112105-3 11/21/2005 115 u 157
111134 TCS41-112105-3 11/21/2005 164 u 157
111135 TCM46-112105-1 11/21/2005 144 raccoon 157
111136 TCM46-112105-1 11/21/2005 144 raccoon 157
111137 TCM46-112105-1 11/21/2005 164 u 157
111138 TCM46-112105-2 11/21/2005 154 rodent 157
111139 TCM46-112105-2 11/21/2005 35 rodent 157
111140 TCM46-112105-2 11/21/2005 154 rodent 157
111141 TCM46-112105-2 11/21/2005 154 rodent 157
111142 TCM46-112105-3 11/21/2005 226 raccoon 157
111143 TCM46-112105-3 11/21/2005 34 dog 157
111144 TCM46-112105-3 11/21/2005 172 avian 157
111145 MBS-112105-1 11/21/2005 184 avian 157
111146 MBS-112105-1 11/21/2005 196 u 157
111147 MBS-112105-1 11/21/2005 35 rodent 157
111148 MBS-112105-2 11/21/2005 35 rodent 157
111149 MBS-112105-2 11/21/2005 35 rodent 157
111150 MBS-112105-2 11/21/2005 164 u 157
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111151 MBS-112105-3 11/21/2005 116 dog 157
111152 MBS-112105-3 11/21/2005 164 u 157
111153 MBS-112105-3 11/21/2005 35 rodent 157
111154 MBN-112105-1 11/21/2005 216 avian 157
111155 MBN-112105-1 11/21/2005 17 rodent 157
111156 MBN-112105-1 11/21/2005 17 rodent 157
111157 MBN-112105-2 11/21/2005 17 rodent 157
111158 MBN-112105-2 11/21/2005 17 rodent 157
111159 MBN-112105-2 11/21/2005 17 rodent 157
111160 MBN-112105-3 11/21/2005 212 avian 157
111161 MBN-112105-3 11/21/2005 212 avian 157
111162 MBN-112105-3 11/21/2005 17 rodent 157
111163 MBN-112105-3 11/21/2005 17 rodent 157
111164 MBP-112105-1 11/21/2005 52 goose 157
111165 MBP-112105-1 11/21/2005 52 goose 157
111166 MBP-112105-1 11/21/2005 52 goose 157
111448 TCN64-122005-1 12/20/2005 119 avian 157
111449 TCN64-122005-1 12/20/2005 168 canine 157
111450 TCN64-122005-1 12/20/2005 92 avian 157
111451 TCS40-122005-1 12/20/2005 172 avian 157
111452 TCS40-122005-1 12/20/2005 81 u 157
111453 TCS40-122005-1 12/20/2005 35 rodent 157
111454 TCN33-122005-1 12/20/2005 35 rodent 157
111455 TCN33-122005-1 12/20/2005 35 rodent 157
111456 TCN33-122005-1 12/20/2005 108 avian 157
111457 TCS41-122005-1 12/20/2005 231 dog 157
111458 TCS41-122005-1 12/20/2005 212 avian 157
111459 TCS41-122005-1 12/20/2005 172 avian 157
111460 TCM46-122005-1 12/20/2005 35 rodent 157
111461 TCM46-122005-1 12/20/2005 35 rodent 157
111462 TCM46-122005-1 12/20/2005 1 avian 157
111463 TCM46-122005-1 12/20/2005 129 avian 157
111464 MBS-122005-1 12/20/2005 179 avian 157
111465 MBS-122005-1 12/20/2005 206 avian 157
111466 MBS-122005-1 12/20/2005 99 dog 157
111467 MBN-122005-1 12/20/2005 231 dog 157
111468 MBN-122005-1 12/20/2005 139 avian 157
111469 MBN-122005-1 12/20/2005 206 avian 157
111470 TCN64-122105-2 12/21/2005 10 avian 157
111471 TCN64-122105-2 12/21/2005 55 u 157
111472 TCN64-122105-2 12/21/2005 168 canine 157
111473 TCN64-122105-2 12/21/2005 79 avian 157
111474 TCN64-122105-3 12/21/2005 136 avian 157
111475 TCN64-122105-3 12/21/2005 206 avian 157
111476 TCN64-122105-3 12/21/2005 136 avian 157
111477 TCS40-122105-2 12/21/2005 163 u 157
111478 TCS40-122105-2 12/21/2005 142 avian 157
111479 TCS40-122105-2 12/21/2005 181 avian 157
111480 TCS40-122105-3 12/21/2005 35 rodent 157
111481 TCS40-122105-3 12/21/2005 35 rodent 157
111482 TCS40-122105-3 12/21/2005 49 avian 157

01-01948-280 Appendix B - study database.xls Page 16 of 17 Herrera Environmental Consultants



match database

Isolate . Provider Sample . Sample Date Resident/T Note Study ID
111483 TCS40-122105-3 12/21/2005 154 rodent 157
111484 TCN33-122105-2 12/21/2005 10 avian 157
111485 TCN33-122105-2 12/21/2005 139 avian 157
111486 TCN33-122105-2 12/21/2005 35 rodent 157
111487 TCN33-122105-3 12/21/2005 52 goose 157
111488 TCN33-122105-3 12/21/2005 103 u 157
111489 TCN33-122105-3 12/21/2005 35 rodent 157
111490 TCS41-122105-2 12/21/2005 73 u 157
111491 TCS41-122105-2 12/21/2005 26 raccoon 157
111492 TCS41-122105-2 12/21/2005 73 u 157
111493 TCS41-122105-3 12/21/2005 205 avian 157
111494 TCS41-122105-3 12/21/2005 148 u 157
111495 TCS41-122105-3 12/21/2005 101 raccoon 157
111496 TCM46-122105-2 12/21/2005 231 dog 157
111497 TCM46-122105-2 12/21/2005 67 u 157
111498 TCM46-122105-2 12/21/2005 154 rodent 157
111499 TCM46-122105-3 12/21/2005 44 raccoon 157
111500 TCM46-122105-3 12/21/2005 26 raccoon 157
111501 TCM46-122105-3 12/21/2005 26 raccoon 157
111502 TCM46-122105-3 12/21/2005 44 raccoon 157
111503 MBS-122105-2 12/21/2005 186 raccoon 157
111504 MBS-122105-2 12/21/2005 97 rodent 157
111505 MBS-122105-2 12/21/2005 35 rodent 157
111506 MBS-122105-3 12/21/2005 154 rodent 157
111507 MBS-122105-3 12/21/2005 10 avian 157
111508 MBS-122105-3 12/21/2005 206 avian 157
111509 MBN-122105-2 12/21/2005 139 avian 157
111510 MBN-122105-2 12/21/2005 178 u 157
111511 MBN-122105-2 12/21/2005 186 raccoon 157
111512 MBN-122105-3 12/21/2005 92 avian 157
111513 MBN-122105-3 12/21/2005 180 opossum 157
111514 MBN-122105-3 12/21/2005 139 avian 157
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