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Preface
This report was written to document stream health in Bothell and the impacts from urban stormwater
runoff. Information required by the Western Washington Phase II Municipal Stormwater Permit and the
North Creek and Swamp Creek Total Maximum Daily Load (TMDL) reports are also included in this report.
The intended audience for this report is internal staff, City Council, state agencies, local government,
Bothell customers, and anyone else interested in streams and stormwater in Bothell, Washington.

Why do we care about stream health and stormwater?
Stream health and water quality are important for human health and recreation, aquatic organisms, and
fish habitat. Stormwater flow, resulting from rainfall, is an important aspect to the overall health of a
watershed in urban areas. Stormwater infrastructure, like pipes and storm drains, is a required
component of development in urban areas to convey rainwater away from buildings, roads, parking lots,
and other areas. As stormwater flows over developed lands, it picks up pollutants and discharges them
into local streams and lakes. The rain mixes with materials such as:





Petroleum products, metals, and other fluids from vehicles
Bacteria from pet waste and failing septic systems
Soil from construction sites
Fertilizers and pesticides from lawns and gardens

This pollution contaminates local waters, impacts human health, harms fish and other wildlife, and
disrupts natural stream flows. The figure below (King County, 2018) shows how urban stormwater runoff
and water quality are related and gives insight on why monitoring freshwater resources in urban areas is
important to protect people, property, and the environment.
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1.0 Executive Summary
Introduction
City of Bothell conducts annual stream health and stormwater monitoring for water quality, stream
physical habitat, and biologic health. We conduct monitoring in Bothell to meet the need for local
information on surface water to protect people, property, and the environment. Along with the need for
local information, we also use data collected from monitoring to meet requirements of the Western
Washington Phase II Municipal Stormwater Permit (Phase II Municipal Permit) and two local Total
Maximum Daily Load (TMDL) report requirements.
The Phase II Municipal Permit is a requirement for all municipalities that own or operate regulated small
municipal separate storm systems (MS4). States develop TMDLs, as required by the federal Clean Water
Act (CWA), to create an implementation plan for areas that are not meeting state Water Quality Standards
for specific parameters. In the case of Bothell, both North Creek and Swamp Creek have TMDL
requirements due to excessive fecal coliform bacteria levels that may pose a risk to human health and the
environment. More information on TMDLs in Bothell can be found in the TMDL section of this report.
Data collected from these monitoring efforts will be presented to local and state decision makers so
resources can be directed most effectively. The City is committed to wise management of land and water
for the benefit of current and future generations, while also meeting TMDL and the Phase II Municipal
Permit requirements. One measure of success will be compliance with state Water Quality Standards and
beneficial uses as designated by city, state, and federal standards.

Goals and Objectives
City of Bothell’s monitoring goal is to measure and report our findings to internal staff, City Council, state
agencies, and Bothell customers every year so they can determine next steps to protect and restore the
chemical, physical, and biological integrity of the City’s surface waters.
City of Bothell’s monitoring objectives are to:


Determine status and trends for streams within the City of Bothell for: temperature, dissolved
oxygen, sediment loading, pathogens, physical habitat, and biological health. Data will be used as
a baseline to measure overall water quality and changes in stream health over time.



Screen for potential water quality issues in Bothell’s watersheds through Illicit Discharge
Detection and Elimination (IDDE), effectiveness monitoring, and source tracking surveys. IDDE
monitoring is used for cleaning and reporting spills or illegal connections to the municipal
stormwater system (MS4).



Use monitoring data and land use information to inform City policy and land use rules, prioritize
restorative actions, and direct future program monitoring efforts.



Use the results from monitoring efforts to measure effectiveness of implementing the Phase II
Municipal Permit, TMDL requirements, and Clean Water Act at the local scale.
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Monitoring Approach
Bothell created the monitoring approach to meet the City’s goals and objectives. Ambient monitoring
locations are monitored monthly for water quality measurements including: temperature, dissolved
oxygen, specific conductivity, pH, turbidity, and flow. Bothell consistently monitored nine sites since 2010,
and continued to monitor through 2018. Five of the sites sampled for ambient water quality monitoring
are also sampled for fecal coliform bacteria, as required by local TMDLs. Bothell also conducts
bioassessment monitoring at seven locations in Bothell to assess physical stream habitat and biological
health during low flow stream conditions.
In 2018, Bothell piloted a monitoring study using Ecology Watershed Health Monitoring Protocols. Sample
sites are randomly selected from Washington’s Master Sample List and data is collected for water quality,
physical habitat metrics, and macroinvertebrate (stream insect) health. Bothell will conduct the new
protocol annually, beginning in 2019. Data collected will give statistically valid inferences of overall
watershed health and fill data gaps in current local surface water data.

Summary of Findings
At most sites sampled in 2018, water quality is not meeting State Water Quality Standards for
temperature, dissolved oxygen, and fecal coliform (Figure 23 and 24). Biologic health, assessed by
collecting stream insects and using the Benthic Index of Biotic Integrity (B‐IBI), shows very poor biologic
health at most sites sampled (Figure 25). B‐IBI scores give a good indication of water quality impairment
because stream insect compositions change based on stressors from pollution. The richness and
abundance of stream insect compositions are the basis for the B‐IBI score.
Of the metrics with sufficient data for statistical trend detection, temperature shows an increasing trend
and dissolved oxygen shows a decreasing trend at most sample sites since 2010. Increased temperatures
and decreased dissolved oxygen are strongly correlated with each other and negatively impact fish and
other stream organisms. For many metrics, insufficient data or time resulted in a lack of trend detection.
To see changes over time in other metrics such as fecal coliform or stream insect health (B‐IBI), it may
take many more years of data collection. Trends are seen for other water quality metrics at sites sampled,
but were not consistent across sites citywide.
Overall, several of the sampling locations in Bothell streams are failing Water Quality Standards for
multiple metrics and are in poor biologic health. This is a similar trend seen across the Puget Sound area.
Some sites did show improvement in monitoring metrics, but were not seen at the watershed scale. This
may suggest that programs and water quality improvement projects implemented by the City are causing
a positive effect on surface water in some areas in the City. To see how City water quality improvement
projects and programs are impacting surface water at the watershed level, it may take many more years
of data collection.
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2.0 Total Maximum Daily Load (TMDL) Monitoring
Requirements
In 1996, the Washington State Department of Ecology (Ecology) listed North Creek and Swamp Creek on
the 303 (d) list for fecal coliform bacteria. The 303 (d) list is a section within the federal Clean Water Act.
State agencies (Ecology) updates the list for water bodies that are impaired from failing to meet state or
federal Water Quality Standards. Fecal coliform is used as an indicator for harmful pathogens, like E. coli
and Giardia, present in fecal waste. Water Quality Standards for fecal coliform bacteria are set to protect
human health during contact with local water bodies.
As a result of the fecal coliform bacterial pollution problem, Ecology worked with local municipalities to
develop the North Creek Fecal Coliform Total Maximum Daily Load Detailed Implementation Plan
(Svrjcek, 2003) and Swamp Creek Fecal Coliform Bacteria Total Maximum Daily Load, Water Quality
Improvement Report and Implementation Plan (Svrjcek, 2006). In the plans, Ecology established water
quality monitoring requirements for local municipalities that collect, treat, and/or convey stormwater.
Data collected from TMDL required sampling sites is important to show the effectiveness of City programs
to reduce fecal coliform bacterial loading to streams. Over time, the City hopes to see a statistical
decreasing trend in fecal coliform bacteria in North and Swamp Creeks.
Under the current Phase II Municipal Permit, the City is required to monitor stream locations monthly for
fecal coliform bacteria in TMDL watershed areas. The Department of Ecology’s goal for all areas of North
and Swamp Creeks is to consistently meet the Washington State Water Quality Standards for fecal
coliform bacteria (Svrjcek 2003 and 2006). Along with the monitoring requirement for TMDL watersheds,
the City is also required to implement:


Business inspections of commercial animal handling areas and commercial composting facilities.



Public education and outreach to raise awareness of bacterial pollution and promote proper pet
waste management.



Screening for bacteria sources when inspecting stormwater systems.



Targeted source identification and elimination focused on bacterial sources not associated with
the stormwater system.

University of Washington ‐ Bothell conducted DNA testing to find specific source contributors in North
Creek (Kalenius, 2008). Pet waste, failing septic tanks, sewage, wildlife, and illegal discharges were all
identified as sources. North and Swamp Creeks have similar bacteria source profiles (Svrjcek 2006).
Allowable bacteria concentrations in North Creek are designed to protect Lake Washington, one of the
most important recreational water bodies in Washington State. State Water Quality Standards
(Washington Administrative Code 173‐201A) establish the use of extraordinary primary recreational
contact for both waterbodies. The Standards require that water quality in these streams meet a geometric
mean of 50 cfu/100 mL, and an upper 10th percentile value not to exceed 100 cfu/100 mL.
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2.1 Basin and Sampling Sites
North Creek
The North Creek watershed drains approximately 30 square miles and discharges to the Sammamish River,
which is a tributary to Lake Washington (Figure 1). The watershed is nearly 10 miles long and three miles
wide, and encompasses an area of about 19,000 acres. It is comprised of the main stem of North Creek
and all the tributaries that contribute to it. Land use within the basin is primarily urban or suburban with
some pockets of rural and forested land. Approximately 10 percent of the watershed lies within the city
of Everett; 23 percent lies within the city of Bothell; 12 percent lies within the city of Mill Creek; and the
remaining 55 percent lies within unincorporated Snohomish County. Five percent of the total area lies
within King County, within Bothell’s city limits.
The residential development is mixed sewer and septic averaging four to six dwellings per acre. The basin
is being rapidly developed for residential and commercial use. Urbanization and land development
activities affect water quality in the basin through riparian corridor alteration, conversion of forests,
retention/detention of stormwater from new and existing impervious surfaces, and stormwater runoff.
North Creek is located predominantly in south Snohomish County (Figure 1). The stream gradient is flat,
decreasing from about 50 feet per mile in the upper basin to less than 20 feet per mile near the mouth.
The headwaters originate in the Everett Mall Way area of south Everett and flow south for 12.6 miles
before discharging to the Sammamish River, within the city of Bothell. The Sammamish River drains into
Lake Washington and ultimately through the Ballard Locks to Puget Sound. The seven major sub basins
within the watershed are main stem North Creek, Penny Creek, Silver Lake Creek, Nickel Creek, Silver
Creek, Tambark Creek, and Sulphur Springs Creek. The major lakes are Silver Lake, Ruggs Lake, and Thomas
Lake.
Bothell monitors four stream sites to best represent the various land uses (Figure 1). In 2011, we moved
the sample site NCLD upstream to just north of 228th Street SE. This was due to the sample location at
240th Street SE undergoing a bridge replacement and ongoing issues with accurate flow gage information.

Swamp Creek
The Swamp Creek watershed spans about 12 miles in length from top to bottom and encompasses an area
of about 7,500 acres. Starting just below State Route 526 in Everett, the main stem of the creek winds 14
miles through the watershed before it flows into the Sammamish River at Kenmore (Figure 1).
Approximately 20 percent of the watershed lies within the city of Lynnwood; eight percent lies within the
city of Kenmore, five percent lies within the city of Bothell, five percent lies within the city of Brier, five
percent lies within the city of Everett, and the remaining 57 percent lies within unincorporated Snohomish
County. Swamp Creek contributes to the quality of water in the Sammamish River, which empties to upper
Lake Washington 0.7 miles below the Swamp Creek confluence.
Swamp Creek is typical of Puget Sound lowland watersheds. In the gently sloping upper basin, Swamp
Creek flows through a narrow valley which gradually broadens to a floodplain almost 0.75 miles wide in
the lower basin. The middle basin also contains a narrow valley with steep slopes in excess of 15 percent
just south of the I‐405 and I‐5 crossing. Elevation in the headwaters is approximately 520 feet, while the
elevation at the mouth is about 20 feet above sea level. The stream gradient is flat, decreasing from about
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50 feet per mile in the upper basin to less than 20 feet per mile near the mouth. Scriber Creek, Little
Swamp Creek, and Martha Creek are the largest of the 19 tributaries to Swamp Creek. Major lakes in the
Swamp Creek watershed are Scriber Lake, Martha Lake, and Stickney Lake (SWM 1994 & 2000).
In the late 1990s, the Swamp Creek watershed was highly urbanized with about 50 percent of the land in
residential or commercial use, 30 percent with forest cover, 10 percent in commercial use, and less than
10 percent rural property (MRLC, 1999 & SWM, 2002). Commercial and light industrial uses are primarily
located within Lynnwood and Everett. Small farms and pastures are most common in the middle of the
watershed, especially in Brier and unincorporated Snohomish County. The watershed is located within the
US Census Defined Urbanized Area; therefore, it is expected that population growth and urban
development will be concentrated in this area.
King County examined orthophotography taken in 1995 as part of the Habitat Inventory and Assessment
of North, Swamp, and Little Bear Creeks (KCWLR, 2001). This land use analysis method is different than
the one used for Swamp Creek’s Water Quality Improvement Plan and suggested that forested cover is
only 20 percent, mostly composed of deciduous trees. Road density was highest in the Scriber Creek sub
basin.
Most of Swamp Creek and its tributaries are shallow and unsuitable for full‐immersion swimming
activities. However, several noteworthy exceptions are Wallace Park in Kenmore, Martha Lake, and
Stickney Lake. Scriber Lake in Lynnwood is large and deep enough for swimming, but this activity is not
encouraged by the City. Although public access to the creek is largely limited to road crossings and a few
parks, Swamp Creek is fully accessible to adjacent land owners, their children, and in some cases, their
neighbors. Limited boating opportunities exist where Swamp Creek meets the Sammamish River. Bothell
selected one site for monitoring fecal coliform in the Swamp Creek watershed (LS‐1, Figure 1).
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Figure 1. Water quality and TMDL sample locations for 2018.
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Sampling Sites
Bothell monitors at established long‐term monitoring stations to develop a trend analysis to determine if
fecal coliform bacteria is increasing or decreasing at the sample sites. The City monitors four long‐term
stations in the North Creek basin and one in the Swamp Creek basin. The North Creek stations are main
stem North Creek (NCLD) and three tributaries – Perry Creek (SARU), Junco Creek (JO‐1), and Palm Creek
(PM‐1). Swamp Creek’s station is located on Little Swamp Creek (LS‐1). Currently, the City has about eight
years of data for North Creek with a total of 102 data points for each site. Swamp Creek has eight years
of data and 101 data points.
The North Creek main stem sample site (NCLD) is located immediately upstream of 240th Street SE.
Snohomish County staff sampled the location through 2014. Beginning in January 2015, the County
ceased sampling at the site. The City started collecting samples at NCLD in January 2015 for fecal bacteria.
Snohomish County, through an interlocal agreement with City of Bothell, maintains and operates a flow
gage station upstream of 228th Street NE.
Perry Creek sample site (SARU) is
located directly behind the Salmon
Run Apartments. This stream has
two branches. One drains from the
9th Avenue SE wetland through I‐
405 and a commercial area. The
second drains from ponds in the
Green Acres Mobile Home Park
northward through a steep, eroded
gully. Both of these drainages pass
through a wetland behind the
Village
Square
neighborhood,
where local flooding occurs during
heavy rains before entering North
Creek.

Figure 2. Perry Creek after a heavy rain event.
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Junco Creek, JO‐1, site is located behind
the Johnson Controls building and runs
south out of the Highlands Campus
Business Park property north of 228th
Street SE and east of 29th Drive SE. A
headwater wetland feeds the channeled
and piped stream corridor. The site
location is on the north side of 228th
Street SE.

Figure 3. JOCO monitoring site, an unnamed tributary that flows through
a business park.

The Palm Creek sampling site, PM‐1, is located at
Whole Earth Montessori. Palm Creek’s water source
is a large wetland in a ravine below the area of R‐1
zoning. The stream enters a pipe in a mobile home
park, returning to an open channel in a defunct
trout farm that channels the stream through
cement weirs. The stream reenters a pipe to cross
under 228th Street SE, daylighting again on the south
side just above the sample site.

Figure 4. Palm Creek, upstream view of sample
station site PM‐1.

Bothell added Little Swamp Creek (LS‐1) as a new
sample location beginning in 2010. Ecology
sampled in 2009 and found elevated levels of
fecal coliform in the stream along 7th Avenue SE.
The site follows all the same protocol for North
Creek’s QAQC plan. Bothell moved the site in
2011 to just downstream of the 7th Avenue SE
stream crossing.

Figure 5. Little Swamp Creek, view across 7th Avenue SE and
upstream of Little Swamp Creek sample station site LS‐1.
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2.2 NPDES Permit Actions
Business Inspections
Each Phase II Municipal Permittee must inspect commercial animal handling areas and commercial
composting facilities to ensure implementation of source control Best Management Practices (BMPs) for
fecal bacteria. Commercial animal handling areas are associated with Standard Industrial Code (SIC) 074
and 075 and include veterinary and pet care/boarding services, animal slaughtering, and support activities
for animal production. Facilities where the degradation and transformation of organic solid waste takes
place under controlled conditions designed to promote aerobic decomposition are considered
composting facilities (definition in accordance with Chapter 173‐350 WAC). Based on the Phase II
Municipal Permit requirements, all permittees must implement an ongoing inspection program to re‐
inspect facilities with bacteria source control problems a minimum of every three years after their initial
inspection.
City of Bothell completed a business license search for commercial animal handling areas and composting
facilities. No commercial composting facilities were found in Bothell. Surface Water staff inspected all
businesses that met the required Standard Industrial Code (SIC) within Bothell’s city limits. Results from
the inspections are available in the table below:
Name

Inspection
Completed and
Date Completed

Animals
On Site

Waste Area Cleaning

Waste Disposal
Method

Meets Animal
Waste Disposal
Requirements

Avian &
Exotic Animal
Hospital

No
(waste practices
verified by
phone)
No

Yes

Towels are used to
clean animals and
holding area and
laundered.
N/A

Solids bagged and
placed in garbage.

Yes

Discharge of
solids to City
Sewer or
Septic System
No

N/A (digital x‐ray, no
photo chemicals)

N/A

N/A

Yes
9/16/2013

Yes

No

Yes

Yes

No

Hill Top Dog
Walks

Yes
10/9/2013

Yes

Yes

No

The Pet Place
Spa &
Boutique
Magnolia
Cattle Co.

Yes
9/25/2013

Yes

Yes

No

4/28/2016

About 126
head of
cattle.

Solids are placed in
the garbage and then
a dumpster.
Solids are placed in
contractor bag and
placed in a communal
dumpster.
Solids removed from
grass area are bagged
and placed in
residential garbage.
Solids and towels are
double bagged and
placed in garbage
Infiltration and septic
system for manure
compost piles.

Yes

Yes
9/25/2013

Holding area is
cleaned with paper
towels and cleaner.
Towels are used to
clean animals and
holding area and
laundered.
Backyard of
residence, grass area.
Solids are removed
on a regular basis.
Area cleaned with
paper towels and
cleaner.
Manure in fields with
rotational grazing to
ensure healthy grass.

Yes

No

Animal
Medical
Imaging, PLLC
Canyon Park
Veterinary
Hospital
Cat Clinic At
Canyon Park

No
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The City annexed lands in 2014 that resulted in one additional commercial animal handling business within
city limits called Magnolia Cattle Company, which was inspected in April 2016.

Public Education and Outreach
To raise awareness of bacterial pollution and promote proper pet waste management, the City actively
engages on two issues: educate the public about proper septic system care, and scooping pet waste and
its proper disposal.

Screening for Bacteria Sources
The City is active in screening for bacteria during normal stormwater facility inspections citywide. The
primary test for illicit discharge (e.g., bacteria from septic or sewer) is “does it look weird or smell weird?”
If yes, then it is noted and we schedule a follow‐up inspection. The City also conducts annual source
tracking surveys as required by the Phase II Municipal Permit. Bothell collects and assesses field samples
for fecal coliform bacteria. In 2018, the City had one site on Little Swamp Creek that received this type of
sampling.

Current Targeted Source Tracking Surveys
The City conducted one source tracking survey in the Swamp Creek watershed, initiated in 2017 and
concluded in the third quarter of 2018. The site is on Little Swamp Creek just upstream of 234th Street SE.
Results indicated upstream sources from an area served by a single family septic system. Counts ranged
from 25 to 19,000. The stream flows through an area of old septic systems, circa late 1960s and 1970s,
into a vegetated open space with active wildlife (raccoon, rabbit, and bird) populations.
In summer of 2018, City of Bothell received information from neighboring properties that one of the
houses in the area had cleaned its septic system. Since then, fecal coliform numbers have decreased to a
lower range.

3.0 Methods
Chemical
At each site, the City conducts monthly water quality measurements of dissolved oxygen, temperature,
turbidity, specific conductivity, and pH. Surface water staff took water quality measurements with an YSI
556M multiparameter sonde. Surface water staff entered the sampling location by the downstream
section to reduce disturbance of stream substrate during monitoring. The sonde was placed at the thalweg
of the stream and results were recorded after values stabilized. A value is considered stable if it is
unchanged for 30 seconds.

Temperature
Surface water staff took stream temperatures using two methods. One method was an instantaneous
measure collected at the time of general water quality sample with YSI 556M meter (see above). The
second method involved using a continuous instream ONSET HOBO temperature data logger. The data
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loggers were installed in a stream, connected to a piece of rebar near the streambed, and were set to
record continuous temperature readings every 15 minutes.
For data retrieval, surface water staff uploaded data to the ONSET Hoboware software and converted to
a csv file annually. Prior to analysis, we removed data that did not represent stream temperatures.

Physical
The City measured flow during monthly water quality sampling events. Flows were recorded in cubic feet
per second (cfs). The float method was used to measure flow, where Q = KAV:
Q = Flow rate
A = Cross sectional area of wetted stream
V = Velocity of surface
K = Frictional coefficient
Cross sectional area was calculated by using a tape measure to create a horizontally perpendicular
transect to stream flow. Depth profiles were collected at five equidistant distances to cover the wetted
width of the stream. These depths (D) were used to calculate the average depth of the stream at that
location. The wetted width was used as width (W). Calculations for cross sectional area can be seen below:
A = W*Davg
A k coefficient was used (0.85) as a frictional coefficient based on substrate of the bed material to more
accurately measure flow (Turnipseed, 2010).

Biological
Surface water staff collected fecal coliform samples using 250mL polypropylene bottles preserved with
EDTA. We collected samples by entering the sample location from the downstream section to not disturb
the sample area. EPA “clean hands dirty hands” protocols were used to collect grab samples. This means
that ungloved hands (dirty hands) were used to handle equipment that does not come in contact with
sample containers or the sample itself (such as field data forms, pencils, or secondary container bags).
Gloved hands (clean hands) were used to handle sample bottles, primary sample bags, and any other
sampling equipment used. We collected the sample in the thalweg (area of greatest flow) at six inches
below the water or midway between the substrate and water surface, depending on water depth. The
bottle cap was kept partially on to fill the bottle slowly and minimize preservative from entering the
stream.
Surface water staff collected benthic macroinvertebrates using State Washington Department of Ecology
Protocols (Department of Ecology, 2010). Field sampling of benthic macroinvertebrates occurred at low
flow conditions during bioassessment surveys, between June 1 and October 15. Eight random transects
were chosen from the list of 11 horizontal transects at each site location. Of the eight sample transects,
half of the samples were taken mid‐channel and half were taken on the margins. The following table
shows how sample locations for each transect were chosen:
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Sample Transect
1
2
3
4
5
6
7
8

Distance Across Wetted Width (left to right)
25%
50%
75%
50%
25%
50%
75%
50%

Depending on whether water is flowing or pooled (e.g., riffle vs. pool habitat), a different procedure was
used. During flowing water stations, we used a D‐Frame kicknet to collect the macroinvertebrates. The
kicknet was set up perpendicular to flow. A 1‐ft2 area was used for sample collection upstream of the
kicknet. Larger rocks and substrate in the sample quadrant were picked up and scrubbed with a brush in
the flow of water to remove any benthic macroinvertebrates. Once all larger substrate was scrubbed, the
finer substrate was kicked by the sampler for 30 seconds to collect any macroinvertebrates located in the
finer substrate.
For pooled or slack water conditions, a 1‐ft2 area was also used for sample collection. Larger substrate was
also scrubbed prior to kicking. During the kicking portion for fine sediment macroinvertebrates, since no
flow was present, the kick net was continually brought from the stream substrate to the top of the water
column in an upward motion to collect macroinvertebrates. The net was continually dragged so
macroinvertebrates could not escape. The finer substrate was also kicked for 30 seconds.
After the organisms were collected, all larger debris, such as large rocks and sticks, were removed. Debris
was then rinsed off in the net and larger organisms removed and put into the net so no organisms were
lost. The stream water was then used to wash all substrate and organisms to the bottom of the net for
collection. The sample in the net was scooped out and put into a bucket. All eight transect samples were
composited into one bucket. After we completed sampling, the composite sample was put into clean 1‐
liter wide‐mouth polypropylene sample bottles. The bottles were preserved with 95% ethanol and
contained at least 2/3 ethanol by volume.
We sent macroinvertebrate samples to Rhithron for identification down to the finest level possible.
Rhithron uploaded results to the Puget Sound Stream Benthos database. The database calculated the
Benthic Index of Biotic Integrity (B‐IBI) for each sample. Results were then published to the website and
can be viewed here:
https://www.pugetsoundstreambenthos.org/Biotic‐Integrity‐Map.aspx
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Statistical Analysis
We used R to complete statistical analysis. The following table summarizes the tests:
Test

Description

Meaning

Seasonal Mann‐Kendall

Nonparametric test for a
trend that does not assume
normally distributed errors.

If p<0.05, a trend exists. Tau
represents direction of trend.

Wilcoxon Rank Sum Test

Two‐sample linear rank test
detects for shifts between
populations of data.

If p<0.05, populations or sites
are statistically different from
each other.

Kruskal‐Wallis Rank Sum Test

N‐Sample linear rank test
detects for shifts in a
population among multiple
groups.

If p<0.05, at least one group is
significantly different.

4.0 Results and Discussion
This section discusses the results obtained from ambient monitoring and bioassessment studies
completed in Bothell from 2010‐2018. This report looks at the current status, trends from 2010‐2018, and
statistical analysis of monitoring data at ambient and TMDL sites for: temperature, dissolved oxygen,
specific conductivity, turbidity, fecal coliform bacteria, and Benthic Index of Biotic Integrity (B‐IBI). Bothell
completed all graphs and statistical analysis using R: a language and environment for statistical computing
(R, 2018).

4.1 Water Quality
Water quality plays an important role in the overall status of freshwater systems for human and ecological
health. Water quality degradation from increased pollution in streams located in urban areas is well
documented and known as “urban stream syndrome” (Walsh et al, 2005). Stormwater impacts from
urbanization pose risks and challenges to freshwater resources. Studies show that pollutants from urban
stormwater negatively impact stream organisms. For example, stormwater runoff causes pre‐spawn
mortality at rates ranging from 60‐100% of adult coho salmon, compared to non‐urban mortality rates of
<1% (Scholz et al, 2013). This means that as coho enter freshwater rivers to spawn, they die, prior to
spawning from exposure to pollutants in urban stormwater runoff. Coho salmon are thought of as the
sentinel species for other aquatic organisms in the Puget Sound Basin. They are often the first species to
show symptoms from stressors, such as stormwater pollution (Feist et al, 2017). They are also a species
of concern under the Endangered Species Act. To assess potential impacts of urban stormwater runoff on
in‐stream water quality, and monitor the status and trends of water quality, Bothell established
monitoring locations for monthly measurements from 2010‐2018.
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A total of nine sites were selected for sampling in 2018: North Creek (NCLD & NC‐1), Perry Creek (SARU),
Junco Creek (JO‐1), Palm Creek (PM‐1), Little Swamp Creek (LS‐1), Horse Creek (HC‐1 & HC‐2), and Waynita
Creek (WC‐1). This section reports on data collected for current status and trends since 2010.

4.1.1 Temperature
Increased temperature in streams affects many characteristics of aquatic organisms including mortality
rates, physiology, and growth (Poole et al, 2001). Reports show negative effects of degraded temperature
on juvenile and adult salmon in the Pacific Northwest (Richter & Kolmes, 2005). Increased stream
temperature also negatively impacts dissolved oxygen levels in streams from the relationship of oxygen
solubility in water with stream temperature. As temperature increases, the solubility of oxygen in water
decreases resulting in less dissolved oxygen at higher stream temperatures. (NOAA, 2004). Stream
temperatures are commonly a problem in developed watersheds due to loss of riparian shading of stream
corridors, impacts to cool groundwater inputs, and damming (Kaushak et al, 2010). Ambient air
temperatures are also increasing globally and will continue to put pressure on in‐stream organisms
(USGCRP, 2018).
Bothell conducted monthly ambient in‐situ monitoring of stream temperature at nine sites over the last
eight years. Figure 6 and 7 show temperature at ambient monitoring locations with a 16° Celsius line. The
16° C line indicates the standard for the highest 7‐Day Average Daily Maximum Temperature (7‐DADMax)
according to the Water Quality Standards for Surface Water of the State of Washington (Chapter 173‐
201A, WAC). If temperature monitoring shows that the average daily max temperature over a span of
seven days exceeds 16° Celsius, then that location does not meet Washington Water Quality Standards.
From 2011‐2017, Bothell also collected temperature data from continuous field data loggers at four sites.
The data logger measured every 15 minutes. Staff downloaded and compiled the data on a yearly basis.
Results from these data loggers were used to calculate trends in temperature at the four locations over
the sampling time frame. Figures 8 and 9 show temperature data from each location. Table 2 gives a
summary of status and trends from the continuous temperature monitoring data.

4.1.1.1 Ambient In‐Situ Monitoring
For the TMDL sites, Little Swamp Creek (LS‐1), Perry Creek (SARU), and North Creek (NCLD) have at least
one sampling point that was above the 16° Celsius State Water Quality Standard for 2018 (Figure 6). In
order to determine if the sites meet water quality standards for temperature, data would need to be
collected more frequently to determine the highest 7‐DADMax. Although the 7‐DADMax was not
calculated for ambient monitoring locations, NCLD and LS‐1 had several months during the summer where
in‐situ temperature monitoring exceeded 16° Celsius. In‐Situ monitoring was conducted primarily in the
late‐morning to mid‐afternoon, and may not show the warmest temperatures for the day, which typically
occur later in the afternoon. If possible, future monitoring should take place in the late afternoon to find
the warmest temperatures.
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Figure 6. Monthly temperature data for TMDL sites with linear regression lines plotted. Statistically significant P‐Value is less than 0.05.
P‐Values for the Seasonal Mann‐Kendall Trend Test is as follows: JO‐1 (P‐Value = 0.97), LS‐1 (P‐Value = 1), NCLD‐1 (P‐Value = 0.04), PM‐1
(P‐Value = 0.43), SARU (P‐Value = 0.32). Red line and dots indicate exceeding water quality standard for temperature at 16 degrees
Celsius.

Bothell only partially monitored ambient locations that are not TMDL sites (HC‐1, HC‐2, NC‐1, and WC‐1)
during 2018. Due to staff turnover, Bothell only monitored TMDL sites each month for 2018. Figure 7
shows monthly ambient monitoring for temperature at Horse Creek (HC‐1 & HC‐2), North Creek (NC‐1),
and Waynita Creek (WC‐1). Using R, Bothell conducted trend analysis for all sites from 2010‐2018 to show
changes in temperature over time.
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Figure 7. Monthly temperature data at non‐TMDL sites with linear regression lines plotted. Statistically significant P‐Value is less than
0.05. P‐Values for the Seasonal Mann‐Kendall Trend Test is as follows: HC‐1 (P‐Value = 0.00013), HC‐2 (P‐Value = 0.0021), NC‐1 (P‐Value
= 0.68), WC‐1 (P‐Value = 3.9*10‐6 ). Red line and dots indicate exceeding water quality standard for temperature at 16 degrees Celsius.

Over the last eight years, three sites show a statistically significant trend of increasing temperatures, five
show no trend, and one site shows a decreasing trend. Table 1 shows the current 2018 status and trends
from 2010‐2018 for each monitoring location. Bothell used a Seasonal Mann‐Kendall Trend analysis test
because it is a monotonic and nonparametric trend test that takes into account seasonal variations in
data. Monotonic means it will detect a change in values over time in an upward or downward motion.
Nonparametric tests allow statistical analysis conducted on data that doesn’t show any particular
distribution of the data, such as normal distribution. Environmental data often times does not follow a
normal distribution. The Seasonal Mann‐Kendall test is especially useful for data that is heavily influenced
by seasonal variations (like temperature and dissolved oxygen).
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Site

Temperature Trend

Current Conditions

JO‐1

No Trend

Likely Meeting Standards

LS‐1

No‐Trend

Likely Not Meeting Standards

NCLD

Decreasing ↓

Likely Not Meeting Standards

PM‐1

No Trend

Likely Meeting Standards

SARU

No Trend

Likely Not Meeting Standards

HC‐1

Increasing ↑

No 2018 Data

HC‐2

Increasing ↑

No 2018 Data

NC‐1

No Trend

No 2018 Data

WC‐1

Increasing ↑

No 2018 Data

Table 1. Summary of status and trends at each monthly ambient monitoring location. Red box indicates a negative trend. Blue
box indicates a positive trend.

4.1.1.2 Continuous Temperature Monitoring with Data Loggers
Bothell installed Onset Hobo continuous temperature loggers at four locations in Bothell: North Creek,
Parr Creek, Horse Creek, and Waynita Creek. The temperature loggers collected temperature data every
15 minutes. Figure 8 shows the rolling 7‐Day Average Daily Maximum (7‐DADMax) Temperature at each
site compared to State Water Quality Standards. The temperature loggers were deployed from 2011‐2017
and were not used in 2018 due to staff turnover. Trend data over that time is still important to discuss.
Bothell used a Seasonal Mann‐Kendall trend test to detect monotonic trends in stream temperatures at
the four temperature logger locations from 2011‐2017. North Creek does not have a statistically
significant trend from 2011‐2016 (Figure 8). Parr Creek, Horse Creek, and Waynita Creek have statistically
significant (P < 0.05) increasing temperature trends at the site locations (Figure 8). This means over the
last seven years, Parr Creek, Horse Creek, and Waynita Creek increased in temperature at those site
locations. North Creek’s temperature has not increased at the site.

COB | 2018 Stream Health Assessment & TMDL Report, Version 2018‐01

20

Figure 8. Rolling 7 Day Average Daily Maximum Temperature at all sites using continuous temperature loggers. The red line denotes a
temperature of 16° Celsius. When temperatures are over the red line, the stream at that location is not meeting water quality standards.
Seasonal Mann‐Kendall P‐Value for sites is as follows: North Creek (P= 0.076), Parr Creek (P = 0.020), Horse Creek (P = 1.59*10‐6), Waynita
Creek (P = 6.6*10‐6).

Figure 9 shows the number of days at each of the four continuous monitoring locations that do not meet
Washington State Water Quality Standards for temperature. For North Creek, 29% of days do not meet
water quality standards during the sampling time frame. Parr Creek does not meet standards 31% of the
time. Horse Creek does not meet standards 19% of the time. Waynita Creek does not meet standards 17%
of the time.
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Figure 9. Cumulative distribution function (CFD) plots and categorical analysis bar plots for days above 16 degrees Celsius.
Figure shows NC and PA with ~30% days above 16°C and HC and WC ~ 20% above.
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Overall data from the four continuous temperature loggers show each site not meeting water quality
standards for temperature over the monitoring period of 2011‐2017. Trend analysis using the Seasonal
Mann‐Kendall test shows three of the four monitoring locations with statistically significant increasing
temperature trends. North Creek and Parr Creek have a greater percentage of days not meeting standards
(~30%) while Waynita Creek and Horse Creek have a lower percentage of days not meeting standards
(~20%).

Site

Temperature Trend

North Creek

No Trend

Parr Creek

Increasing↑

Horse Creek

Increasing↑

Waynita Creek

Increasing↑

Table 2. Summary of trends at each continuous monitoring location.

While it is important to understand that stream temperatures are increasing, there seems to be a
correlation with increasing ambient air temperatures. A local weather station also shows a statistically
significant trend using a Seasonal Mann‐Kendall Test (Figure 10). Rising air temperatures will continue to
be a challenge for stream water quality.

Figure 10. Ambient air temperatures in degrees Fahrenheit for Monroe, WA weather station. Blue line indicates trend.
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4.1.2 Dissolved Oxygen (DO)
The U.S. Environmental Protection Agency set recommended criteria for dissolved oxygen in freshwater
for the protection of cold‐water species (salmon). EPA’s recommendation is based on data showing
negative impairment on juvenile salmon from declining intragravel dissolved oxygen concentrations
(Ecology, 2009). In‐stream organisms use dissolved oxygen for respiration which can be lethal at low
levels. Dissolved oxygen declines in streams from increased stream temperatures and organic inputs such
as sewage waste or dissolved organic matter (DOM).
Bothell conducted monthly in‐situ monitoring for dissolved oxygen from 2010‐2018. Washington State
Water Quality Standards for dissolved oxygen is 9.5 mg/L for core summer salmonid habitat. The red line
on Figures 13 and 14 indicates when sampling events are not meeting Water Quality Standards. The
probability frequency outlined in the Water Quality Standards for dissolved oxygen is once every 10 years
on average. This means that dissolved oxygen measurements should not fall under the 9.5 mg/L criteria
more than once every 10 years on average.
Figure 11 shows dissolved oxygen at each site sampled from 2010‐2018. The dissolved oxygen values
show seasonal variation, with values lowest during the warmer months and highest during the colder
months.

Figure 11. Time series plot showing dissolved oxygen values over time at all sites sampled from 2010‐2017. Red line indicates Water
Quality Standard of 9.5 mg/L. Values below the red line fail to meet Washington Water Quality standards for dissolved oxygen.
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Dissolved oxygen is lowest during the warmest months because as temperatures increase, the solubility
of dissolved oxygen in water decreases (NOAA, 2004). Figure 12 shows this relationship along with yearly
sampling events that failed to meet water quality standards for both parameters. During the summer
months, all but one of the sites sampled failed to meet State Water Quality Standards (Figure 12). PM‐1
was the only site without a sample below 9.5 mg/L dissolved oxygen. For sites sampled, the highest DO
values are at PM‐1 and the lowest DO values at LS‐1 (Table 3).

Figure 12. Box‐scatter
plot showing summer
DO values at each site.
On the boxplot, Dots
show dissolved
Oxygen values. Below
the boxplot is a graph
showing the
relationship between
temperature and
dissolved oxygen at
sites in Bothell. Circles
show sampling events
that failed to meet
water quality
standards for both
dissolved oxygen and
temperature.
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Along with not meeting water quality standards, dissolved oxygen is also decreasing over time (Table 3.).
Using a Seasonal Mann‐Kendall Trend Test, statistically significant decreasing dissolved oxygen trends are
found at seven of the nine sites sampled. Only LS‐1 and NCLD‐1 did not exhibit a decreasing trend in
dissolved oxygen.
Stat

HC‐1

HC‐2

JO‐1

LS‐1

NC‐1

NCLD
‐1

PM‐1

SARU

WC‐1

Combined

N

24

24

24

24

21

10

25

23

18

193

Mean

9.26

9.14

9.003

7.962

9.004

9.748

10.92

9.389

9.646

9.316

SD

0.837

0.918

1.15

1.385

1.002

0.721

0.751

1.089

0.873

1.26

Median

9.39

9.25

9.165

8.165

8.92

9.84

10.83

9.42

9.615

9.38

Minimum

7.71

7.6

6.13

5.12

7.5

8.75

9.57

6.64

8.3

5.12

Maximum

10.9

11.17

11.05

10.61

10.91

10.67

12.46

11.68

11.05

12.46

Kruskal.p.value

NA

NA

NA

NA

NA

NA

NA

NA

NA

6.5*10‐12

NA's

0

0

3

3

0

2

2

5

0

15

N.Total

24

24

27

27

21

12

27

28

18

208

P‐Value

0.00
4

0.000
6

0.01
2

↓

↓

↓

Kendall Trend
Test

0.28
‐

0.008 0.003 0.007 0.007

↓

↑

↓

↓

8.7*10‐11

↓

Table 3. Summary statistics for all sites sampled for DO from 2010‐2018. Krusal‐Wallis Test (highlighted in yellow) shows a
statistically significant p‐value indicating the sites are different in DO values. Red fill in Min row indicates not meeting water
quality standards and blue fill indicates meeting standards. Red fill in the trend row indicates a statistically decreasing DO trend.

Overall, most sites are not currently meeting water quality standards for dissolved oxygen, while also
decreasing over time. With increasing temperatures expected in the future, dissolved oxygen will continue
to be an increasing challenge for protecting water quality resources for cold water fish.

4.1.3 Specific Conductivity
Conductivity in streams and lakes are essential nutrients used by aquatic life, but organisms are adapted
to certain ranges of conductivity based on their physiology and tolerance to salinity (U.S. EPA, 2011).
Conductivity is the ability of water to pass an electrical current and is impacted by additions of positively
charged and negatively charged ions such as calcium, magnesium, chlorides, or nitrates (Ca2+, Mg2+, Cl‐,
NO3‐). Conductivity is affected by temperature and is often displayed as specific conductivity, which is
conductivity calibrated to 25° C.
Washington State currently does not have water quality standards for specific conductivity, although
typical conductivity concentrations in streams in the US supporting fish range from 150‐500 uS/cm (EPA,
2012). Currently the EPA has a draft guidance document for state agencies and tribes to calculate potential
water quality standards for conductivity (Public Review Draft Field‐Based Methods for Developing Aquatic
Life Criteria for Specific Conductivity, EPA). While there is no current water quality standard for specific
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conductivity, it is important to monitor over time to track trends since urbanization can increase
conductivity in streams from multiple pollution sources and cause potential harm to sensitive species
(Griffith, 2014).
Bothell conducted monthly in‐situ monitoring for specific conductivity from 2010‐2018. Figure 13 shows
mean specific conductivity values at each site over the sampling period, compared to City average. It is
important to understand the baseline specific conductivity concentrations in streams to understand
potential impacts over time.

Figure 13. Specific conductivity at all sites. Site values compared to average of all sites.
Specific conductivity values for all streams.

Figure 14 shows specific conductivity plotted at each site from 2010‐2018 to assess for any changes that
may have occurred over that time frame. A Mann‐Kendall trend analysis test was used to detect any
trends over time. HC‐2 and SARU have decreasing specific conductivity trends and PM‐1 has an increasing
trend.
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Figure 14. Specific conductivity over time at each site sampled. Linear trend line to show potential changes over time. Grey
shading around line is the 95% confidence interval of the linear regression line.

Specific conductivity also shows seasonal variations. Figure 15 shows the differences between seasons in
specific conductivity. In general, autumn and summer had the highest specific conductivity values, while
winter and spring had the lowest values. This amount of flow within the stream channel is most likely
responsible for seasonal differences. Higher stream flows dilute charged ions and result in lower
conductivity values.
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Figure 15. Specific conductivity by season at each site sampled from 2010‐2018. Black line indicates median, box indicates
interquartile range (25‐75 percentile), whiskers indicate maximum and minimum values, and dots indicate possible outliers.

To prove a statistically relevant relationship between seasonal variations in specific conductivity, a
Kruskal‐Wallis Rank Sum Test was used. The test calculated statistical significance of population
distributions between seasons for specific conductivity. The results are summarized in Table 4 and show
statistically significant differences.
Summary Stats

Autumn

Spring

Summer

Winter

Combined

N

192

192

195

168

747

Mean

198.166

176.172

204.167

162.354

186.025

SD

40.073

38.463

36.791

33.783

40.897

Median

197.45

179.85

198.6

162.4

187.8

Min

93.5

54.7

72.9

3.5

3.5

Max

341.2

295.6

313.6

254

341.2

Kruskal.p.value.between

NA

NA

NA

NA

1*10‐31

NA's

3

19

13

5

40

N.Total

195

211

208

173

787

Table 4. Kruskal‐Wallis Rank Sum Test to show difference between seasonal specific conductivity. P<0.05, so it is statistically
significant.
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4.1.4 Turbidity
Turbidity is the amount of clarity lost in water due to suspended particles such as dirt and debris. Elevated
turbidity in streams found in urban areas is often from landscaping activities, construction, accumulation
of dirt and debris on road shoulders or other impervious areas, and any other earth moving actives. There
are strong correlations between turbidity and other pollutants such as metals and fecal coliform bacteria
(Mallin et al, 2009). Turbidity in streams cause direct effects on aquatic organisms resulting in decreased
growth rates, increased mortality, and depleted food availability (Henley et al, 2000).
Bothell conducted monthly in‐situ monitoring of turbidity from 2010‐2017. Figure 16 shows turbidity over
time at each site sampled. Bothell used a Mann‐Kendall trend test to determine if there were any positive
or negative trends over time in relation to turbidity. Two sites have decreasing turbidity trends over time:
HC‐1 and JO‐1. All other sites have no statistically significant trend.

Figure 16. Turbidity over time at each site sampled during 2010‐2017. Orange Line shows NTU values greater than four and red
line shows NTU over 70.
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Figure 17 shows turbidity values during dry and wet weather sampling from 2010‐2018. Turbidity is higher
during wet sampling periods. Bothell used the Wilcoxen Rank Sum Test to show a significant difference
between wet and dry sampling turbidity results (Table 5). Greater in‐stream flows scour stream banks
causing greater turbidity during wet weather. Inputs of sediment from stormwater also cause greater
turbidity in‐stream. Figure 16 shows this relationship at the sites sampled from 2010‐2018.

Figure 17. Boxplot of turbidity data at sites separated by wet and dry weather sampling. Medians are shown with black lines.
Data was collected form 2010‐2018. The orange line indicates a value of 4, which negatively impacts macroinvertebrates. The red
line indicates a value of 70, which impacts fish.

Research suggests that when turbidity levels exceed four Nepheleometric Turbidity Units (NTU)
macroinvertebrates (stream insects) are negatively impacted. Coho salmon will avoid waters with greater
than 70 NTU (Oregon Department of Environmental Quality, 2014). Of all the sites, only Waynita Creek
(WC‐1) has a mean value of turbidity NTU greater than four. All sites exceeded four NTU at some point
during sampling. Palm Creek and Waynita Creek also exceeded 70 NTU at least once during monitoring.
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Stat Type

Dry

Wet

Combined

N

313

396

709

Mean

2.199

3.645

3.007

SD

4.792

9.245

7.637

Median

1.45

1.94

1.66

Min

0.05

0.05

0.05

Max

78

142

142

Diff

NA

NA

0.41

Wilcoxon.p.value.between

NA

NA

0.0002

NA's

48

31

79

N.Total

361

427

788

Table 5. Summary statistics of wet vs. dry weather sampling for turbidity in streams. Wilcoxen Rank Sum test was used to
determine a significant difference between wet and dry weather turbidity sampling. Turbidity is higher during wet weather.

4.2 Pathogens
Pathogens in surface water, such as streams or lakes, can cause significant human health impacts
depending on the concentration and type of bacteria. Fecal coliform, a type of bacteria found in the
intestines of warm‐blooded animals, can be a sign of sewage waste, manure, or wildlife. To protect human
health, Washington State Department of Ecology sets fecal coliform standards at a geometric mean of 50
Colony Forming Units (CFU) per 100ml for extraordinary primary contact waters (Chapter 173‐201A,
WAC). In King County, swimming beaches are monitored for fecal coliform and closed if a geometric mean
of 200 CFU/100ml is exceeded or any single sample exceeds 1,000 CFU/100ml (King County, 2018).

4.2.1 TMDL Sites
Bothell collected monthly grab samples for fecal coliform at each of the TMDL sites from 2010‐2018 and
submitted results to Washington State Department of Ecology. Figure 18 shows a box‐dot plot of fecal
coliform on a log‐10 scale with Water Quality Standards and King County Beach Protocol standards
indicated with red and blue lines respectively. The black dots on Figure 17 show geometric means of fecal
coliform samples.
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147.6

119.5

111.7

91

16.46

Figure 18. Box‐Dot Plot showing fecal coliform concentrations from 2010‐2018. Black dots indicate geometric means of samples.
Fecal coliform shown on a log‐10 scale. The red line indicates Water Quality Standards. The blue line indicates King County swimming
standards.

In 2018, Bothell sampled all five TMDL sites monthly. When compared to state water quality standards,
only JO‐1 meets water quality standards. Table 6 shows the geometric means of fecal coliform samples
taken this year.
Geometric Mean Fecal Coliform (CFU) by Site for 2018
Site

JO‐1

LS‐1

NCLD‐1

PM‐1

SARU

Geometric
Mean (CFU)

18.99

302.8

136.3

232.4

250

Table 6. Summary of 2018 fecal coliform sampling with geometric means. Red indicated not meeting water quality
standards.
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The sites are statistically different from each other (Table 7, Kruskal‐Wallis Rank Sum Test) and show that
JO‐1 has the lowest concentration of fecal coliform while LS‐1 has the highest. Similar results were seen
in 2018 as well.

Type

JO‐1

LS‐1

NCLD‐1

PM‐1

SARU

Combined

N

100

100

43

100

101

444

Mean

59.3

506.1

201.163

232.98

276.723

262.245

SD

145.564

1302.913

244.094

563.071

513.145

737.136

Median

15

175

120

88

120

84.5

Min

1

2

26

4

10

1

Max

1200

11000

1200

5200

3600

11000

p.value.between

NA

NA

NA

NA

NA

0.00068

NA's

3

1

2

2

2

10

N.Total

103

101

45

102

103

454

Table 7. Summary statistics of TMDL sites for fecal coliform. Kruskal‐Wallis Rank Sum Test performed to see statistical
differences between sites (P<0.05), indicated with highlighter yellow.

Often times it is important to compare fecal coliform concentrations in dry and wet weather events to
understand what processes may be causing the greatest impact to streams. In dry weather, failing septic
systems, cross‐connected sewer lines, and animal/pet waste can be major contributors. In wet weather,
urban stormwater runoff with increased sediment loading can cause increases in fecal coliform bacteria
(Characklis et al, 2005).
Figure 19 shows fecal coliform concentrations during dry and wet weather sampling events across all the
sites and as a cumulative total. The graphs show, that while there are no statistically significant differences
between dry and wet weather sampling in Bothell (Wilcoxon Rank Sum Test, P‐Value = 0.87), wet weather
sampling has several outliers with higher values. These samples could have been taken during higher flow
storm events resulting in higher fecal coliform concentrations due to increased sediment loads and
microbial partitioning to total suspended sediments (TSS) (Characklis et al, 2005). Future fecal coliform
samples could be taken with TSS to see if there is a relationship.
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Figure 19. Box‐plot and scatter‐plot showing differences in fecal coliform concentrations during wet and dry periods. The
red line indicates state water quality standards for geometric means. Fecal coliform shown on a log‐10 scale on boxplot
due to outlier variability.
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Fecal coliform at TMDL sites were tested for trends over time to see if streams sampled are increasing or
decreasing. A Mann‐Kendall trend test was used and found no statistically significant trends. For a
pollutant as variable as fecal coliform, it may take many more years to detect trends over time.

4.2.2 Targeted Source Tracking and Illicit Discharge Detection and Elimination (IDDE)
In 2018 Bothell conducted continuing source monitoring for fecal coliform in Little Swamp Creek. Surface
water staff chose site GHMA because in 2017 elevated fecal coliform numbers were found by neighboring
property owners. Figure 20 shows sampling results from late 2017‐2018.

On

Figure 20. Fecal coliform sampling at GHMA in Little Swamp Creek as part of IDDE source tracing
investigation from 2017‐2018.

On Sept. 3, 2018, a local utility district discharged approximately 9,000 gallons of untreated wastewater
into the City’s municipal separate storm sewer system (MS4). The discharge went into a catch basin which
eventually led to a City detention pond. Bothell operation staff pumped the catch basins and jetted the
lines. They then plugged the pond, pumped to sewer to keep from overflowing, and surface water staff
monitored until fecal coliform numbers in the pond had reached a safe number to discharge. Figure 21
shows monitoring results from the pond.
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Figure 21. Fecal coliform results at City’s detention pond after an illicit discharge of wastewater. Scale in log10 scale due to
variance of sample results.

4.3 Stream Macroinvertebrates (B‐IBI)
Stream macroinvertebrates (stream bugs) can be seen by the naked eye and live in or near the streambed.
Monitoring for stream macroinvertebrates is important because they are a strong indicator of water
quality or substrate impairment due to variable abilities to survive certain stressors among different
species, such as pollution from stormwater.
Macroinvertebrates give good information for surface water managers because they:


Are found in all habitats within a stream (Arzina et al, 2006).



Are sensitive to pollution, and species richness/abundance can be used to infer about pollution
in streams.



Have a standardized scoring system across Puget Sound Lowland streams to determine
impairment (Puget Sound Stream Benthos, 2018).



Play an important role in the food web for fish, birds, and other wildlife.

Surface water staff collected macroinvertebrate samples in 2010, 2013, 2016, and 2018 at various
locations around Bothell as part of a bio‐assessment project. Figure 22 shows each location sampled for
each year. B‐IBI scores are ranked as follows: 0‐20 = Very Poor, 20‐40 = Poor, 40‐60 = Fair, 60‐80 = Good,
80‐100 = Excellent.
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B‐IBI scores that classify sites as very poor are: CQ‐1, HC‐1, HC‐2, and MD‐1. Sites classified as poor are:
WC‐1, PR‐1, and JC‐1. PM‐1 is the only site classified as fair. In general, most of the sites are either very
poor or poor B‐IBI scores, indicating stressors from pollution are present. Data was insufficient to calculate
trends for B‐IBI scores.

Figure 22. B‐IBI scores at each sampling site for 2010‐2018. The red line indicates very poor score, yellow indicates fair, and
green indicates excellent.

Much of the Puget Sound area is highly urbanized and low B‐IBI scores are common in the surrounding
area. Figure 23 shows B‐IBI scores from municipalities surrounding Bothell from 2010‐2018. Using the
Wilcoxon Rank Sum Test, Bothell B‐IBI Scores are statistically similar to Bellevue, Kirkland, and Seattle.
Bothell B‐IBI scores are statistically lower than Issaquah, Redmond, and the Reference site. The Reference
site is a Washington State Department of Ecology ambient monitoring location, and represents the “least
impaired” site within the Puget Sound Lowland area. Without inputs of pollution, B‐IBI scores would be
expected to match reference site conditions.
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Figure 23. Benthic Index of Biotic Integrity (B‐IBI) from several municipalities surrounding Bothell. Values below the red line indicate
very poor status, below the yellow line poor status, and above the green line are excellent status. Results were tabulated from the
Puget Sound Stream Benthos website. Results were downloaded from 2010‐2018 and only include the most recent visit per site so
that sites were weighted evenly.
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5.0 Summary
5.1 Status
Stream health status is determined by comparing water quality and biological data collected by the City
to state Water Quality Standards or research based benchmarks. Figure 24 shows the Water Quality Index
(WQI) for sites sampled in 2018. Water Quality Indexes, in general, contain less data than the raw data
that they summarize, and in many cases do not tell the whole story of the data. The WQI does give a
general overview of areas where water quality may be of concern in Bothell. Anything less than 80 (the
red line on Figure 18) means the parameter of interest is most likely not meeting water quality standards.
Across the sites sampled, water quality standards are not being met for temperature (except in Palm
Creek, PM‐1), dissolved oxygen (DO), and fecal coliform (FC). Of the sites sampled, turbidity and pH are of
least concern. Figure 25 shows a snapshot of the raw data from each site used in calculating the WQI. To
see results in greater detail, refer to results section.

Figure 24. Water Quality Index results for each of the five TMDL sites sampled in 2018. Washington
Department of Ecology created the WQI.
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Figure 25. Box‐plots of raw data for Water Quality Index components. Red lines indicates above Water
Quality Standards or of highest concern. For dissolved oxygen, anything less than the red line is not
meeting Water Quality Standards. Yellow line indicates lower concern.

COB | 2018 Stream Health Assessment & TMDL Report, Version 2018‐01

41

Along with water quality information, Bothell also collected biologic data for determining stream health
status. Stream macroinvertebrates (stream bugs) were collected at several sites from 2010‐2018. Figure
26 shows the results from sampling. Overall, macroinvertebrate health scores (B‐IBI) are either very poor
or poor, with one exception (Palm Creek, PM‐1). The Reference site is a Washington State Department of
Ecology ambient monitoring location, and represents the “least impaired” site within the Puget Sound
Lowland area. Without inputs of pollution, B‐IBI scores would be expected to match reference site
conditions. B‐IBI scores are significantly less than the reference site conditions.

Figure 26. Benthic Index of Biotic Integrity (B‐IBI) of Bothell sites on left and B‐IBI of Bothell compared to the Puget Sound
Lowland Reference site on the right. Values below red line are very poor macroinvertebrate status, below the yellow line are poor,
and above the green line are excellent.

Macroinvertebrate health gives the best overall indication of watershed impairment. This is because many
different stressors, such as various pollutants, greatly impact macroinvertebrate compositions. This allows
scientists to assess conditions of a stream based on B‐IBI scores which take into account a comprehensive
amount of water quality and land use variables, which often times can’t all be monitored effectively in a
monitoring program. Macroinvertebrates can be thought of as the “pulse of the river” (Prescott et al,
2018). This means that they react as changes in the watershed occur. Not only are macroinvertebrates
great indicators of potential environmental problems, but they also are a direct representation of goals
that the City would like to see in the future. Macroinvertebrate health gives insight on the chemical,
physical, and biological health of the watershed.

5.2 Trends
Trends are also important to discuss to assess how Bothell’s stream health is changing over time in respect
to water quality and biological health. During the monitoring period of 2010‐2018, temperature is
increasing and dissolved oxygen is decreasing citywide. Other parameters show site‐specific trends, but
not at the same scale as temperature and dissolved oxygen. Several stream health indicators, such as
macroinvertebrates and fecal coliform, most likely will need many more years to see a statistical trend.
Table 8 shows a summary of the trends seen at each site for specific parameters. Note that Bothell also
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used four continuous temperature loggers to assess trends for temperature. Table 8 shows that
temperature and dissolved oxygen are of greatest concern for streams in Bothell. It is also helpful to note
that temperature and dissolved oxygen are highly correlated due to the relationship with water
temperature and oxygen solubility. Yearly variation may also be responsible for trend detection over the
eight‐year period. Long term trends require many years to detect statistically significant trends and the
eight years of data collection may not be enough for accurate trend detection.

Parameters
Site

Temp

DO

Conductivity

pH

Turbidity

Stream
Insects

Fecal
Coliform

JO‐1

‐
‐
↓
‐
‐
↑
↑
↑
↑
↑

↓
‐
↑
↓
↓
↓
↓
↓
↓

‐
‐
‐
↑
↓
‐
↓
‐
‐

‐
‐
‐
‐
‐
‐
‐
‐
‐

↓
‐
‐
‐
‐
↓
‐
‐
‐

‐
‐
‐
‐
‐
‐
‐
‐
‐

‐
‐
‐
‐
‐
‐
‐
‐
‐

LS‐1
NCLD
PM‐1
SARU
HC‐1
HC‐2
NC‐1
WC‐1
Horse Creek
North Creek
Parr Creek
Waynita Creek

‐

↑
↑

Table 8. Trends in monitoring data from 2010‐2018. Red box indicates a negative trend and blue boxes indicate a positive trend.
A Seasonal Mann‐Kendall Trend Test was used in R for all parameters.

5.3 Conclusion and Recommendations
Overall, several of the sampling locations in Bothell streams are failing Water Quality Standards for
multiple parameters and are in poor biologic health. In‐stream temperature is showing an increasing trend
and dissolved oxygen is showing a decreasing trend from 2010‐2018. These are similar problems found
across the Puget Sound area.
While water quality and biologic health are in poor conditions throughout Bothell, there is still hope. There
were a few sample sites that improved over the last eight years of monitoring. Palm Creek (PM‐1)
improved in B‐IBI scores, Horse Creek (HC‐1) and Junco Creek (JC‐1) improved in turbidity, and while most
sites increased in temperature since 2010, North Creek didn’t increase at the locations where monitoring
was conducted. Although this wasn’t seen at the citywide scale, it does show that there were
improvements at monitoring locations around Bothell. These improvements could be from City
stormwater programs and restoration efforts.
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It is well documented that pollution in urban areas can be prevented with proper surface water and land
use management, stormwater treatment, and restoration. There will always be challenges with protecting
and restoring urban watersheds. As ambient air temperatures rise, in‐stream temperatures and dissolved
oxygen will continue to be a challenge. Stormwater runoff will also continue to be a challenge, as new
contaminates are found. Urban watersheds have taken many decades to become degraded and may take
just as long to restore or, at the very least, prevent further degradation. The City will continue to monitor
for stream health and use the data collected to inform local stakeholders so they can determine next steps
in protecting and restoring the chemical, physical, and biological integrity of the City’s surface waters. The
City will also use the data to inform future watershed prioritization plans, water quality improvement
projects, and restoration efforts.
To help aid local stakeholders in decision making, here are some recommendations based on data
collected:


In areas where temperature and dissolved oxygen is an issue, further protection of riparian
corridors is required to see improvements. Protection of riparian corridors include enforcing
critical area ordinances and protecting riparian buffers during development.



Preservation of riparian buffers in areas currently meeting water quality standards for
temperature and dissolved oxygen should be prioritized to maintain healthy stream sections
within the City.



Restoration efforts of temperature and dissolved oxygen should focus on areas with groundwater
inputs to increase cold water refuge areas.



City stormwater detention and treatment facilities should continue to be installed and maintained
to see decreases in stormwater pollutants such as sediment (turbidity).

The last eight years of monitoring has provided the City with valuable data to assess background
information on some of the local streams, along with preliminary trend analysis. There are still data and
information gaps present that future monitoring needs to address. To collect data and information where
gaps are present, the City of Bothell plans to implement new monitoring programs in 2019 which include:


Watershed health monitoring following the Washington State Department of Ecology WHM
protocols. This will give greater information for citywide water quality, physical habitat, and
biologic health. Monitoring locations are based on probabilistic (random) sampling design that
allows for statistical inferences for the whole city.



Effectiveness studies to evaluate how water quality improvement projects or restoration projects
are improving stream health at the local scale. Often times these projects aren’t seen at the
watershed scale and need to be studied at the local scale to show how programs and projects are
improving stream health.



Random stormwater sampling of outfalls and within the storm system to provide data on where
stormwater might be causing issues in receiving water bodies. This will also give us information
on where it might be beneficial to provide stormwater retrofits, treatment, or education.



Greater efforts looking at the impacts from the City stormwater system. This will give the City
greater detail on which problems need prioritized based on pollution found from rain events.
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Appendix A

Sampling Procedures
Data Management Procedures
Field Replicate and Lab Duplicate Analysis

2018
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Sampling Procedures
Overview
Fecal coliform bacteria is the preferred indicator of disease‐causing microorganisms in Washington State.
There are two standard methods for the detection of coliform bacteria – the Membrane Filter (MF)
technique and the Most Probable Number (MPN) index. The MF and MPN methods are frequently not
comparable. The United States Environmental Protection Agency (USEPA) currently recommends the MF
procedure because it is faster and more precise than the MPN technique (EPA, 2001). However, MPN is
better for use in chlorinated effluents, highly turbid waters, and salt or brackish waters. Ecology requires
all partners in this program to have samples analyzed by state‐accredited laboratories using the MF
technique SM9222D. The City of Bothell used TestAmerica Analytical for this purpose until June 2008,
and then switched to AmTest, Inc.

Planning
Bacteria samples will be collected in sterilized bottles obtained from AmTest, Inc preserved with EDTA.
Downstream samples are collected first. Samples will be taken downstream working upstream to
minimize the possibility of collecting fecal coliform from sediments that may have been disturbed during
the current sampling activities.

Field Procedures
Ambient water quality samples collected as part of this QAPP will generally use the “dipping method.”
The dipping method is intended to collect the most representative sample taken at a single point in time
(also called a grab sample). Staff will avoid collecting water from near the surface and collect samples
from the center of flow (thalweg) when possible. A notation will be made in the field notebook if surface
samples are taken.
Field measurements and comments are recorded on either a form prepared prior to sampling, ideally in
a notebook of water‐resistant paper, or loose‐leaf water resistant paper. All notes should be stored in a
safe location after a sampling run. At a minimum, staff should record project name, station location, date
and time of sample collection, and sample number. Other useful information may include staff gauge or
tape down measurements, estimates of discharge, field quality control information, field meter
measurements (if applicable), weather conditions, and comments about turbidity, color, and odor.
A word about safety: Safety is a primary concern whenever working in or near water bodies. Many times,
sampling locations are established close to roadway crossings to facilitate access in right‐of‐ways and to
reduce travel times to the actual sample site. In these cases, the need for life vests, reflective clothing,
orange marking cones, and flashing lights will be considered to protect staff from injury and to alert
passing drivers to their presence on the roadside.
Some basic common sense safety rules for monitoring include:



Pay attention to weather reports and do not sample during unsafe weather conditions.
Include locations of monitoring on calendar to let supervisors and team members know where
the monitoring crew member will be.
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Never monitor in swift or high water.
Watch for irate dogs, farm animals, wildlife (particularly snakes), and insects such as ticks,
hornets, and wasps. Know what to do if you get bitten or stung.
Do not walk on unstable stream banks. Disturbing these banks can accelerate erosion and might
prove dangerous if a bank collapses. Disturb streamside vegetation as little as possible
If at any time you feel uncomfortable about the condition of the stream or your surroundings,
stop monitoring and leave the site at once.

Here are the general procedures for taking a proper fecal coliform sample.

Sampling Procedure
1. A sterilized polypropylene sample container preserved with EDTA provided by the accredited
laboratory is used. The minimum sample size is 250 mL.
2. Gloved hands are used when handling equipment in direct contact with sample.
3. For sites that require entering the stream, care is taken to not stir up sediment. Sites are
approached from a downstream to upstream direction.
4. The sample bottle is uncapped. Care is taken not to contaminate the inside of the bottle or the
cap.
5. The bottle is inverted and plunged, mouth down, through the surface to a depth of 15 to 30 cm
(6 to 12 inches, mid‐depth of stream where feasible). Sample bottle cap is left partially on to
reduce chance of overfilling bottle and losing preservative. While under water, the mouth of the
bottle is rotated into the current. The sample bottle is brought back to the surface in an upright
position.
6. After recapping the bottle, the bottle is placed on ice upon reaching the vehicle.
7. Other notes:


Do not rinse the bottle.



Do not pour water into the fecal bottle from another container.

Field Quality Control
Field Replicates
Total variability (precision) for field sampling and laboratory analysis will be assessed by collecting field
replicates and performing lab duplicates. In some cases, field duplicates, field blanks, and field splits may
also be appropriate.
Field replicates are two samples collected from the same location at the same time. A second bottle is
plunged side‐by‐side with the regular sample. Field replicates will be collected at the rate of 10 percent,
with a minimum of one field replicate per sampling run. If using a pole to collect samples, it may not be
possible to collect the samples side‐by‐side. In this case, the field replicate is collected at the same time
as the regular sample. Staff is directed to make comments in the field notes if the samples were not
collected side‐by‐side.
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Replicate results that are “non‐detects” cannot be used to estimate precision. Similarly, the variability
found at low concentrations cannot be used to estimate the variability at higher concentrations, and vice
versa. Variability, or precision, is estimated as the coefficient of variation (CV)/relative standard deviation
(RSD) of results. Measurement Quality Objectives (MQOs) for precision is an average of 28% CV.
Field replicates are labeled in such a way as to give the impression that they are completely separate
samples before they are sent to the laboratory. The laboratory analysts are not made aware of the fact
that they are handling field replicates.

Sample Container
A sterile glass or polypropylene bottle will be used for all samples collected. (When working with
laboratories associated with wastewater treatment plants, it should be specified that the bottle must be
empty, with no sodium thiosulfate or other dechlorinating agents.) Although the type and size of bottle
will likely be determined by the laboratory’s preferences, WDOE routinely uses polypropylene 250 and
500 mL bottles with EDTA preservative for stream samples.
Select a bottle according to the following criteria:
o

Use the 500 mL bottle if sampling for enterococci in addition to fecal coliform.

o

Use bottles with EDTA added if high metal concentrations are suspected.

At WDOE, empty bottles have a holding time; three months for bottles without thiosulfate or EDTA, and
one month for bottles with thiosulfate or EDTA. Individual laboratories may have different
recommendations.

Field Processing
No field processing is required.

Sample Storage
All samples are placed in an ice chest with ice packs immediately upon return to the vehicle. The samples
are stored in the dark. For chain‐of‐custody procedures, the vehicle is locked whenever it is not in view of
sampling personnel.

Measurement Procedures
Field
Station Information
The City of Bothell has already determined the coordinate information for its proposed long‐term sites
and entered this information into Ecology’s EIM database. Ecology has indicated that it is not necessary
to determine coordinate information for short‐term monitoring locations associated with source tracking
activities.
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Office
Stream Discharge Data
Currently, stream gauging networks are provided by Snohomish County and King County. At present,
three stream gauges are functioning on Swamp Creek and North Creek. Snohomish County monitors at
site NCLD, which is located in lower North Creek just upstream of 228th Street SE in Bothell. In 2011, the
NCLD site was at 240th Street SE but was abandoned due to a bridge replacement project. It was relocated
upstream to 228th Street SE in late 2011. Mill Creek and Snohomish County jointly maintain and operate
a flow‐monitoring station on Penny Creek near its confluence with North Creek.

Lab
Fecal Coliform – Membrane Filtration Method
Laboratory analyses for fecal coliform bacteria were performed by two separate laboratories accredited
by Ecology. The analytical method used is described by Standard Methods for the Examination of Water
and Wastewater, No: 9222 D, 24‐hour Membrane Filter (MF) procedure. The detection limit and the
precision for this method are both 1 colony per 100 mL. Densities were reported as colony forming units
(CFU) per 100 mL.

Quality Control
Quality control procedures used during field sampling and laboratory analysis provided estimates of the
accuracy of the monitoring data. Field replicates were used to determine compliance with measurement
quality objectives. Total variation for field sampling and analytical variation were assessed by collecting
replicate samples and performing lab duplicates as discussed below.
Summary of Field and Laboratory Quality Control Procedures
Analysis

Field
Blanks

Fecal
Coliform
(MF)

N/A

Lab
Lab
Method
Replicates
Blank
1/run

1/10
samples

Matrix
Spikes

Field
Replicate
MQO
28% RSD

Reporting
Lab
Duplicate Limit
MQO
30% RPD 1 CFU

N/A

Field
Field Notes
The notes from each field run were tabulated and compared to chain‐of‐custody forms and laboratory
results for completeness and accuracy. Any problems and associated corrective actions were recorded.
Any unresolved problems were flagged and discussed in the data report.
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Laboratory
Fecal Coliform and E. Coli.
Routine laboratory quality control procedures will be followed. Laboratories should perform at least one
analytical duplicate per sampling run. Duplicate laboratory analysis refers to analyzing duplicate aliquots
from a single sample container. Each sample is carried through all steps of sample preparation and
analysis. The results for laboratory duplicates provide an estimate of analytical precision,
Field personnel may want to request that the analytical duplicate be performed on the same sample that
accompanies the field replicate, as this allows staff to estimate total and analytical variability from results
for the same sample.
If the samples selected for duplicate analyses do not contain measurable amounts of fecal coliform, the
results provide no information on precision. Similarly, if the laboratory selects samples from another study
with significantly different levels of fecal coliform or different matrices, the estimate of precision may not
be applicable to the samples.
The laboratory must report the results of their analytical duplicates.

Data Qualifiers
Each laboratory had its own list of data qualifiers. Test America Analytical and AM Test, Inc. supplied the
City of Bothell with a list of relevant data qualifiers and supporting documentation so that a cross‐
reference list could be developed. The laboratories were instructed to contact the City immediately if
values over 1000 cfu/100 mL were observed.

Data Management Procedures
Recording Field Measurements
Time, location, weather conditions, and other observations and environmental factors were recorded at
the time of sampling and maintained for public record purposes. Laboratory reports, worksheets, and
chain‐of‐custody records were filed together and stored in a binder and other organized forms.
Data qualifiers were explained in all reports as needed. Tables were used to track compliance with water
quality standards.

Data Verification and Validation
Verification
Data was verified by examining the data for errors, omissions, and compliance with quality control (QC)
acceptance criteria. Once measurement results were recorded, they were verified to ensure that:


Data are consistent, correct, and complete, with no errors or omissions.
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Results for QC samples accompany the sample results.



Established criteria for QC results were met.



Data qualifiers were properly assigned where necessary.



Data specified in Sampling Process Design were obtained.



Methods and protocols specified in the QAPP were followed.

Validation
Data validation followed verification. Validation involved evaluation of relative percent differences
between lab duplicates and relative standard deviation for field replicates.

Field Replicate and Lab Duplicate Analysis for 2018
2018

1‐22

2‐12

3‐12

4‐16

5‐21

6‐18

7‐30

8‐21

9‐24
2
385
385
385

10‐
30
2
220
220
220

11‐
30
2
120
120
120

12‐
20
2
21.5
21.5
21.5

N
Mean
Median
10%
Trimmed
Mean
Geometric
Mean
Skew
Kurtosis
Min
Max
Range
1st Quartile
3rd Quartile
Standard
Deviation
Geometric
Standard
Deviation
Interquartile
Range
Median
Absolute
Deviation
Coefficient
of Variation
(RSD) – Field
Replicates
Relative
Percent

2
4.5
4.5
4.5

2
30
30
30

2
115
115
115

2
1150
1150
1150

2
170
170
170

2
1450
1450
1450

2
245
245
245

2
205
205
205

3.742

28.28

114.9

1140

162.5

1449

244.9

NA
NA
2
7
5
3.25
5.75
3.536

NA
NA
20
40
20
25
35
14.14

NA
NA
110
120
10
112.5
117.5
7.071

NA
NA
1000
1300
300
1075
1225
212.1

NA
NA
120
220
100
145
195
70.71

NA
NA
1400
1500
100
1425
1475
70.71

2.42

1.63

1.06

1.20

1.53

2.5

10

5

150

3.706

14.83

7.413

0.785

0.471

0.024

0.11

203.5

385

219.1

120

21.21

NA
NA
240
250
10
242.5
247.5
7.071

NA
NA
180
230
50
192.5
217.5
35.36

NA
NA
380
390
10
382.5
387.5
7.071

NA
NA
200
240
40
210
230
28.28

NA
NA
120
120
0
120
120
0

NA
NA
18
25
7
19.75
23.25
4.95

1.05

1.02

1.18

1.01

1.13

1

1.26

50

50

5

25

5

20

0

3.5

222.4

74.13

74.13

7.413

37.06

7.413

29.65

0

5.189

0.061

0.18

0.41

0.048

0.028

0.17

0.01

0.12

0

0.23

0.212

0.087

0.17

0.12

0.19

0.24

0.38

0.087

0.18

0.58

0.28

0.204
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Average

Difference
(RPD) Lab
Duplicates

# of Samples Collected= 60
# of Field Replicates Collected = 12
Field replicates = 20% for sampling period.
Field Replicates: RSD = 21.2%, which passes MOQ of <28%.
Lab Duplicates: RPD = 20.4% which passes MOQ of <30%.
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