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PREFACE 

A group of students worked in winter and spring of 2017 on an assessment of the marsh at 
the west end of the Stella’s Landing site.  The students were enrolled in a two-quarter 
capstone sequence focused upon science, management, and outreach related to 
contaminated sites.  In the winter course, Stella’s Landing was used as an example site, 
while students learned site assessment methodologies.  In essence, students developed a 
plan for how to conduct actual assessments in the succeeding quarter.  Two student teams 
prepared posters that were shared with Edmonds staff on March 15, 2017, at the WWU 
campus.  In the spring course, two student teams performed assessments that involved site 
visits, lab analyses, interviews, and detailed review of records pertaining to Stella’s Landing.  
Each team wrote a report, and the two reports are included within this document.  The 
two teams visited Edmonds on June 9, 2017, to present their work to an audience of 
officials and interested citizens. 

Instructor (ESCI 453, Winter 2017): Darrell Sofield 
Instructor (ESCI 454, Spring 2017): Ruth Sofield, Ph.D. 
Edmonds Director of Parks, Recreation & Cultural Services: Carrie Hite 
Edmonds Environmental Ed. and Sustainability Coordinator: Jennifer Leach 
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Executive Summary 

The primary investigators on this project conducted a Phase I Environmental Site Assessment 
(ESA) for Stella’s Landing (Subject Property) in the City of Edmonds, Snohomish County, 
Washington. The primary investigators are undergraduate students and this work was completed 
as a class project; they collectively comprise the Herbal consulting firm. The Subject Property is 
approximately 2.4 acres of land with a marsh at the west end of the lot. The Subject Property is a 
private, residential condominium complex with no prior development, which differs from the 
majority of properties for which ESAs have been conducted.  

This Phase I ESA was conducted in general accordance with the American Society for Testing 
and Material (ASTM) Standard entitled Standard Practice for Environmental Site Assessments: Phase I 
Environmental Assessment Process. The purpose of this Phase I ESA is to identify recognized 
environmental conditions (RECs) and historical RECs (HRECs) in connection with the Subject 
Property. The ASTM Standard defines a REC as: 

 “The presence or likely presence of any hazardous substances or petroleum products on a 
property under conditions that indicate an existing release, a past release, or a material threat 
of a release of any hazardous substances or petroleum products into structures on the 
property or into the ground, groundwater or surface water of the property. The term includes 
hazardous substances or petroleum products even under conditions in compliance with laws. 
The term is not intended to include de minimis conditions that generally do not present a 
threat to human health or the environment and that generally would not be the subject of an 
enforcement action if brought to the attention of appropriate governmental agencies. 
Conditions determined to be de minimis are not recognized environmental conditions.” 

The ASTM Standard defines a HREC as: 

“Environmental condition which in the past would have been considered a recognized 
environmental condition, but may or may not be considered a recognized environmental 
condition currently.” 

Overview of Subject Property History 

Prior to 1976, the Subject Property was an undeveloped portion of Edmonds Marsh in the City 
of Edmonds. The development of SR 104, which currently borders the western edge of the 
Subject Property, occurred between 1976 and 1986. SR 104 bisected Edmonds Marsh, resulting 
in a new marsh, called Stella’s Marsh, which is connected to Edmonds Marsh by way of a small 
culvert. In 1997, the Subject Property was developed and the Stella’s Landing complex was built, 
with a section of Stella’s Marsh remaining adjacent to the complex. 

Summary of Findings, Opinions and Conclusions 

Now that Herbal has conducted the Phase I ESA, we suggest three potential contributors to the 
species composition change in Stella’s Marsh. One potential contributor is the lower 
precipitation in 2013 compared to the preceding and following years. The second contributor is 
a lack of full functionality prior to 2014 in the culvert beneath SR 104 that connects Stella’s 
Marsh with Edmonds Marsh. This suggestion is based on information provided by residents of 
the Subject Property in good faith during an interview process. The final contributor is nonpoint 
source contamination from stormwater runoff into Stella’s Marsh. This suggestion is based on 
Herbal’s observations of the Subject Property. 
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1.0 Introduction 

1.1 Purpose 
The primary investigators and researchers on this project are Emily Rahlmann, Sarah Bailey, and 
Monica Hope, hereafter collectively referred to as Herbal Environmental, or Herbal. The 
primary investigators are undergraduate students and this work was completed as a class project 
at Western Washington University (WWU). During the 2016/17 Academic Year, WWU 
partnered with the City of Edmonds through the Sustainable Communities Partnership. 
Through this partnership, Edmonds communicated to WWU faculty a desire that a Phase I 
Environmental Site Assessment (ESA) be conducted at the Stella’s Landing Marsh (the Subject 
Property). Efforts were coordinated, and the Phase I ESA was assigned to Herbal through the 
Environmental Science 454 capstone class, Science, Management and Outreach of 
Contaminated Sites (SMOCS).  

The Phase I ESA was requested of the City by residents of a local property who wanted to know 
why the marsh on their property (Subject Property) was showing changes in species composition, 
specifically a large increase in invasive species. Residents compiled multiple documents 
summarizing their recollections of the issue, which are included in Appendix A and B.  

The purpose of a Phase I ESA is to perform all appropriate inquiries into the ownership and 
uses of a Subject Property in order to identify, through the process prescribed by the American 
Society for Testing and Materials (ASTM), recognized environmental conditions (RECs) and 
historical RECs (HRECs) associated with the Subject Property. A REC is defined by ASTM as, 
“the presence or likely presence of any hazardous substances or petroleum products on a 
property under conditions that indicate an existing release, a past release, or a material threat of a 
release of any hazardous substances or petroleum products into structures on the property or 
into the ground, groundwater or surface water of the property”. ASTM also defines a HREC as 
“an environmental condition which in the past would have been considered a recognized 
environmental condition, but may or may not be considered a recognized environmental 
condition currently.” 

1.2 Detailed Scope-of-Services 
This Phase I ESA was performed in accordance with ASTM E 1527-13 (Standard Practice for 
ESAs: Phase I ESA Process) and included the following tasks: 

 Records review of reasonable ascertainable information
 Site reconnaissance
 Physical setting description
 Interviews with present owners and residents, and local city officials

Herbal’s scope of service did not include any non-scope considerations as listed in Section 13 of 
ATSM E 1527-13. Additionally, chain-of-title records, an Environmental Lien search and 
Activity and Use Limitation (AUL) search, and hydrogeologic and geologic information were not 
included in the scope of work. 
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1.3 Significant Assumptions  
Herbal assumes that all information given by the Owner is complete and correct. Owner is 
defined as the 41 individuals or trusts who own condominiums on the Subject Property. Herbal 
also assumes the Owner has provided Herbal with all reasonably ascertainable prior 
environmental reports concerning the Subject Property.  Finally, Herbal assume that this Phase I 
ESA report will be read in its entirety by the reader. 

This report summarizes observed RECs and HRECs for the Subject Property. Environmental 
conditions and regulations are subject to change and reinterpretation. Current observations may 
not represent conditions in the future.  

1.4 Limitations, Exceptions, and Additions 
The findings within this ESA used information that was reasonably ascertainable, meaning the 
information obtained was publicly available, obtainable within the time constants for this 
project, and practically reviewable.  

In a traditional Phase I ESA, a section entitled “User Provided Information” is normally 
included prior to the “Records Review” section. In the absence of a user, this section has been 
omitted. 

An addition has been made to this report that is not normally present in a Phase I ESA.  
Historical precipitation data has been included to further inform the reader regarding the 
variation in annual precipitation. 

Typically, a Phase I ESA is conducted prior to the Phase II ESA. In this case, Phase I and Phase 
II were conducted simultaneously by two different student groups because of time limitations 
associated with the academic calendar.  

1.5 Special Terms and Conditions 
The findings in this ESA are based on the accuracy and completeness of the information and 
conditions of the Subject Property as of June 6th, 2017 and when the public information was 
obtained. 

2.0 Site Description 

2.1 Location and Legal Description 
The Subject Property is Stella’s Landing condominium complex located at 402 and 404 3rd 
Avenue in the City of Edmonds, Snohomish County, Washington, 98020 (Appendix C). The 
Subject Property consists of 41 different tax parcels of land with a total acreage of approximately 
0.63 acres.  The tax parcels and associated acreage are listed in Table 2.1-1.  All parcels are 
located in Section 23 of Township 27 North, Range 3 East. The latitude and longitude of the 
approximate center of the Subject Property is 47.48’26.1 N and 122.22’53.9 W.  Building plans 
were obtained by Herbal and are included in Appendix D. One feature of note on the building 
plans is an oil water separator located on the Road and Storm Drainage plan. The presence of 
the separator on the Subject Property was not confirmed by Herbal.  
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Table 2.1-1 Subject Property Tax Parcels and Associated Acreage. 

Tax Parcel Number Acreage1 Tax Parcel Number Acreage1 

00843300210100 0.00 00843300120100 0.00 

00843300210200 0.00 00843300120200 0.00 

00843300210300 0.00 00843300120300 0.00 

00843300210400 0.00 00843300120400 0.00 

00843300220100 0.00 00843300120500 0.00 

00843300220200 0.00 00843300120600 0.00 

00843300220300 0.00 00843300120700 0.00 

00843300220400 0.00 00843300120800 0.00 

00843300220500 0.00 00843300120900 0.00 

00843300220600 0.00 00843300121000 0.00 

00843300230100 0.00 00843300130100 0.00 

00843300230200 0.00 00843300130200 0.00 

00843300230300 0.00 00843300130300 0.00 

00843300230400 0.00 00843300130400 0.00 

00843300230500 0.00 00843300130500 0.00 

00843300230600 0.00 00843300130600 0.00 

00843300110100 0.00 00843300130700 0.00 

00843300110200 0.00 00843300130800 0.00 

00843300110300 0.00 00843300130900 0.00 

00843300110400 0.00 00843300131000 0.00 

    00843300110500 0.00 

1 Due to the Snohomish County Assessor’s designation methods for  
condominiums with acreage less than 1 acre, all acreages are listed at 0.00. 
The Subject Property is a condominium community currently owned by 41 
individuals or trusts. 
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2.2 Current Use of Subject Property 
The Subject Property is currently designated as “single-family residence condominium multiple” 
under Snohomish County use code. The Subject Property is occupied by 41 individuals or 
families. The marsh is used for aesthetic purposes by the residents of the Subject Property and 
the surrounding properties. 

2.3 Description of Subject Property Structures, Roads, and Improvements 

2.3.1 Existing Structures 
There are currently two buildings located on the Subject Property that were constructed in 1995. 
The construction permit for the buildings was obtained and confirms that this was the first and 
only development on the Subject Property (Appendix E). The building plans were also obtained, 
showing the plans for construction of 402 and 404 3rd Avenue, Edmonds, WA.  

The Subject Property has a private drainage system that includes stormwater features. 
The stormwater features on the property are known as facility features and detention facilities. 
These features are mainly catch basins, which are constructed to improve downstream water 
quality by reducing the speed of stormwater runoff. This is done by collecting rain and runoff 
until the basin is full, and then allowing water to flow out. Most of them are located on the 
southern side of both buildings, with two facility features located on the eastern side of the 
property, bordered by 3rd Avenue South. One culvert is located on the Subject Property, at the 
southwestern corner of building 404. This culvert leads into a storm ditch which empties into 
the marsh at the northern side of the property. A map of the Subject Property’s drainage system 
is included in Appendix F. 

The marsh adjacent to the Subject Property has multiple inputs. These include the previously 
mentioned storm ditch, as well as overflow from Shellabarger Creek. As depicted in Appendix F, 
Shellabarger Creek is located south of the Subject Property and is diverted north towards the 
property when the creek intersects State Route 104 (SR104). The diverted creek then flows 
under SR104 through two culverts that are located south of the Subject Property. Each of the 
culverts are three feet wide. There is a storm ditch directly adjacent to SR104 on the east side of 
the road. The storm ditch flows north from the culverts to a storm line, and is intended to help 
decrease flooding of SR104 during high precipitation events. A culvert and storm catch basin are 
located on the Subject Property off SR104, and collect runoff from SR104. The runoff is 
discharged into the marsh through an eight-inch pipe. 

Through personal communication (5/10/2017), Michael Cawrse, a stormwater engineering 
technician for the City of Edmonds, was consulted and contributed to the information presented 
in this section. During normal precipitation events, Shellabarger Creek flows through the two 
culverts south of the Subject Property under SR104 and into Edmonds Marsh. Water flowing 
south from the marsh and through the storm ditch also enters the culverts and flows into 
Edmonds Marsh. During high precipitation events, the culverts cannot handle the increased 
flow, and some of the water is diverted north into the storm ditch and the marsh located on the 
Subject Property. One of the reasons this occurs is due to sediment filling the culverts under SR 
104. According to Cawrse, the culverts currently are not fully functioning due to sediment and
vegetation impeding flow. The culverts are maintained by the Washington State Department of
Transportation (WSDOT) and the last maintenance was conducted in 2014.
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2.3.2 Existing Roads 
The Subject Property is bounded by 3rd Avenue South to the east and SR104 to the west. 

2.4 Current Use of Adjoining Properties 
The following properties were noted adjacent to the Subject Property: 

 Edmonds Marsh is located west of the Subject Property, across SR104.

 Located east of the property is 3rd Avenue South with single-family residences beyond.

 Located north of the property is a single-family residence.

 Located south of the property is a multiple-family residence.

3.0 Subject Property Information 

3.1 Title Records 
Chain-of-title records were not a part of this Phase I ESA’s scope of work. 

3.2 Environmental Liens or Activity and Use Limitations 
No environmental liens of Activity and Use Limitations exist for the subject property. This was 
confirmed in an Environmental Radius Report from Nationwide Environmental Title Research 
Online (Appendix G). 

3.3 Specialized Knowledge 
The term “specialized knowledge” herein refers to information on the environmental condition 
of the property that would not be available in public records or other sources as referenced in 
this report and could only be obtained from disclosure by the owner, occupants, or operators on 
the property from personal experience and observation. 

Anne-Marie Sykes, the Key Site Manager, has lived at the property for 12 years and has observed 
and documented the ecological changes in the marsh. She was not aware of any environmental 
issues due to hazardous activities or spills on the Subject Property.  

Priscilla Thurber has lived at the Subject Property for 22 years. She moved in when most of the 
building was complete, but construction had not finished entirely. She has observed the 
ecological changes in the marsh. Her account supported the Key Site Manager’s information. 
She was not aware of any environmental issues due to hazardous activities or spills on the 
Subject Property.  

Other occupants of the property with specialized knowledge include Roy Combley, James Wold, 
Ralph Sanders, Letitia Brown, Phyllis Keiley-Tyler and Judy Wangen. All listed occupants have 
observed changes in the marsh and support the Key Site Manager’s accounts and information. 
None were aware of any environmental issues due to hazardous activities or spills on the Subject 
Property.  

3.4 Valuation Reduction for Environmental Issues 
There is no sale pending for the subject property and therefore no valuation statements are 
made here.  
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3.5 Owner, Property Manager and Occupant Information 
The Subject Property is a condominium community currently owned by 41 individuals or trusts. 
The current occupants are 41 individuals or families who reside in their condominiums.  

3.6 Reasons for Performing the Phase I ESA 
In November 2013, residents of Stella’s Landing observed a decline in cattail vegetation in the 
marsh and became concerned. In Appendix B, the author Anne-Marie Sykes incorrectly listed 
2014 as the year when residents took notice of the species change. In her interview, this mistake 
was identified and recognized by Herbal. A few residents contacted the city and various 
individuals and organizations in attempts to understand what changes were occurring in the 
marsh and how they had occurred. In September 2017, WWU partnered with the City of 
Edmonds through the Sustainable Cities Partnership. The goal of this partnership is for students 
to complete projects that address problems identified by the City of Edmonds. One of the 
problems identified was the changing plant species composition of the marsh adjacent to Stella’s 
Landing. The Phase I ESA was selected by both parties as the best assessment method for this 
problem.  

4.0 Records Review 

4.1 Prior Environmental Reports 
Herbal was provided with a relevant study conducted in the area of Stella’s Marsh by Joe 
Scordino, the project leader of Edmonds Stream Team. The Edmonds Stream Team is 
composed of Edmonds-Woodway High School students who are members of the Students 
Saving Salmon club.  

The students have been conducting a citizen-science project since September 2015. Water 
quality monitoring is occurring at 16 sites across Edmonds (Appendix H) and is done monthly. 
Initial data was compiled into a report in June 2016, and material from that report is discussed 
below. 

Three of the Edmonds Stream Team monitoring sites are in the vicinity of Stella’s Marsh 
(Appendix H), referred to as Shellabarger Marsh in the report. One site, called F1, is located 
where Shellabarger Creek intersects SR104. Another monitoring site, called J1, is on the Subject 
Property directly to the east of SR104, where the culvert and storm ditch are located. The final 
site, called K1, is located directly west across SR104 from J1, where a storm ditch and culvert are 
located in the Edmonds Marsh. Upstream of the Stella’s vicinity are two other Stream Team sites 
(C1 and D1) and downstream, in the Edmonds Marsh, are four others (K2, L1, L2 and N1). 

The 2016 Stream Team report describes the background and hydrology of the area, specifically 
of Shellabarger Creek. Shellabarger Creek drains a basin of 378 acres and the watershed is 
developed heavily. The creek passes through many pipes under roadways and the daylighted 
reaches are located in residential areas, where residential runoff may occur. This runoff is 
coming from yards, homes, and gardens, and therefore may contain higher than usual levels of 
nutrients, toxicants, and/or fecal coliform bacteria associated with pet wastes. 
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Water collected at all three monitoring sites had high levels of bacteria: counts of fecal coliform 
bacteria exceeded 100 colonies/100 mL in February and April of 2016. In addition, all sites had 
very low concentrations of dissolved metals, and mercury was not found at any site.  
 
The monitoring sites in the upstream regions of Shellabarger Creek (C1 and D1) had lower fecal 
coliform counts than the most downstream sites (J1 and K1), indicating that the source of fecal 
coliform bacteria is downstream of the upper reaches of the creek and upstream of 
Stella’s. When compared with other monitoring sites, Shellabarger Creek (C1, D1, F1) showed 
average trends in temperature, dissolved oxygen, pH, and conductivity from October 2015 to 
May 2016. The creek had nitrate concentrations lower than other sites from October 2015 to 
March 2016. Stella’s Marsh (J1) was documented as having lower dissolved oxygen than the 
lower areas of Shellabarger Creek (F1). Three ranges of petroleum hydrocarbons were detected 
in lower Shellabarger Creek (F1) in the fall, winter and spring. The highest concentrations of 
diesel and oil range were found in lower Shellabarger Creek (F1) in the spring. 
 
The report also contains data on water samples taken from the culvert in Stella’s Marsh (J1) and 
the inlet culvert to Edmonds Marsh (K1). The data shows no salinity present at the inlet to 
Edmonds (K1), thus the authors concluded that at the times sampled, there was no salinity 
present in Stella’s Marsh. Sampling for salinity was conducted at low tide during the spring and 
summer months, when the tidegate at the outlet of Edmonds Marsh is open. Dissolved oxygen 
in Edmonds inlet (K1) exceeded minimum requirements for salmon (Washington Water Quality 
Standards), with an average of 9.4 mg/L from October 2015 to May 2016. The water 
temperature followed expected seasonal trends. The pH of water flowing through the Edmonds 
Marsh was within the range suitable for salmon and aquatic life (Washington Water Quality 
Standards), averaging a pH of 7 from October 2015 to May 2016. Testing for Total Petroleum 
Hydrocarbons was done, and concentrations of compounds in the diesel and oil range were 
found at the Edmonds Marsh inlet (K1) in the spring of 2016.  
 
The report concludes that there are no serious water quality issues that would require further 
investigation. However, monitoring should continue. A number of recommendations were made 
by the authors of the report to improve local water quality, including removal of animal wastes, 
elimination of use of fertilizers in the watershed, and the incorporation of low impact 
development in future plans.  
 

 4.2 Physical Setting Sources 

  4.2.1 Topography 
Herbal reviewed United States Geological Survey (USGS) 7.5 minute topographic maps 
(Appendix C). The Subject Property is located at an elevation of approximately 40 feet above sea 
level. Adjacent properties to the west are at lower elevations of approximately 20 feet above sea 
level. Eastern adjacent properties are at increasing elevations above 40 feet above sea level. 

  4.2.2 Soils 
Herbal accessed the United States Department of Agriculture’s web soil survey. Surface soil 
information indicates that the Subject Property is located in an area mapped as Mukilteo muck. 
This soil type is classified as a hydric soil that is very poorly drained. (USDA). 

Through personal communication (4/27/2017), Doug Gresham, a wetland specialist with the 
Washington State Department of Ecology, was consulted for his expertise. Gresham visited the 
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Subject Property in March 2016. Gresham was unable to take soil cores due to the muck 
consistency of the soil. 

4.2.3 Sensitive Receptors 
No sensitive receptors were identified. 

4.3 Environmental Record Sources 
Current federal, state and tribal database listings for hazardous waste and other potentially 
impaired sites within specific search distances were identified for the Subject Property and area 
by Herbal. These sites were reviewed to ascertain whether they pose any RECs to Subject 
Property.  

The following federal, state and tribal environmental databases were reviewed: 

 Federal NPL site list

 Federal Delisted NPL List

 Federal Comprehensive Environmental Response, Compensation, and Liability Act
Information System (CERCLIS)

 Federal CERCLIS No Further Remedial Action Planned (NFRAP) Sites List

 Federal Resource Conservation and Recovery Act (RCRA) Information System-
Corrective Action (CORRACTS) Facilities List

 Federal RCRA Non-CORRACTS Transporters, Storage, and Disposal (TSD) Facilities
List

 Federal RCRA Generators List

 Federal Institutional Controls/Engineering Controls Registries

 Federal Emergency Response Notification System (ERNS) List

 State and Tribal Leaking Storage Tank Sites

 State and Tribal Registered Storage Tank Lists

 State and Tribal Voluntary Cleanup Sites

 State- and Tribal-Equivalent NPL

 State- and Tribal-Equivalent CERCLIS

 State and Tribal Landfill and/or Solid Waste Disposal Sites Lists

 State and Tribal Brownfields Sites

4.3.1 Subject Property 
The subject property was not listed in any of the databases listed in Section 4.3 (Appendix G). 

4.3.2 Adjoining Properties 
Database findings indicate that within a 0.5 mile radius from the subject property, there are 21 
cleanup sites listed under the Washington State Toxics Cleanup Program. Four of the  sites are 
ranked for their hazard level, while the other 17 did not warrant this ranking. The sites and 
relevant information are summarized in the Table 4.3.2-1.  
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Table 4.3.2-1 List of WA State Cleanup Sites within a 0.5 mile radius of the Subject Property. 

Site Name Site Status Cleanup Type Hazard 
Ranking 

Address (in Edmonds, 
WA 98020) 

Mar Vel Marble LLC Awaiting 
Cleanup 

No Process 202 MAIN ST 

4th Ave N Building No Further 
Action 

Voluntary Cleanup 
Program 

130 4TH AVE N 

EDMONDS DRY 
STORAGE PORT OF 
EDMONDS 

Awaiting 
Cleanup 

No Process 5 400 ADMIRAL WAY 

Alaska Northwest 
Publishing Co 

No Further 
Action 

Voluntary Cleanup 
Program 

130 2ND AVE S 

Port of Edmonds W 
Dayton 

Cleanup Started Independent Action 5 120-190 W DAYTON ST

210 5TH AVE S 
PROPERTY 

No Further 
Action 

Voluntary Cleanup 
Program 

210 5TH AVE 

Unocal Edmonds Bulk 
Fuel Terminal 0178 

Cleanup Started Ecology-supervised 
or conducted 

1 11720 UNOCO ROAD 

Edmonds Office Site No Further 
Action 

Voluntary Cleanup 
Program 

131 2ND AVE S 

Main Street Building No Further 
Action 

Independent Action 110 MAIN ST 

ARCO 0822 Cleanup Started Voluntary Cleanup 
Program 

5 202 5TH AVE S 

Old Mill Town Mall Cleanup Started Voluntary Cleanup 
Program 

201 5TH AVE S 

AMTRAK Depot 
Edmonds 

No Further 
Action 

Independent Action 211 RAILROAD AVE 

Anderson Marine Cleanup Started Independent Action 100 RAILROAD AVE 

Old Mill Bus Barn Cleanup Started Independent Action 400 BLOCK MAPLE ST 

Edmonds Public Safety 
Building 

Cleanup Started Independent Action 250 5TH AVE N 

EDMONDS 
VETERINARY 
HOSPITAL 

No Further 
Action 

Independent Action 313 5TH AVE S 

EDMONDS PUBLIC 
WORKS 

No Further 
Action 

Independent Action 200 DAYTON ST 

Port of Edmonds Fur 
Breeders Building 

Cleanup Started Independent Action 335 ADMIRAL WAY 

U S POSTAL 
SERVICE – 
EDMONDS 

No Further 
Action 

Independent Action 201 MAIN ST 

Shell Creek Grill No Further 
Action 

Independent Action 526 MAIN ST 

TOMLINSON 
PROPERTY 

No Further 
Action 

Voluntary Cleanup 
Program 

117 5TH AVE S 
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4.4 Historical Use of Subject Property and Adjoining Properties 

4.4.1 Aerial Photographs 
Historic aerial photographs provided by the City of the Edmonds and dated 1947, 1955, 1964, 
1967, 1976, 1985, and 1989 were reviewed as a part of this assessment. Copies of the historical 
aerial photos are presented in Appendix I. The results of this review are included in the Table 
4.4.1-1. 

Table 4.4.1-Aerial photographs review of Subject Property and surrounding areas. 

Year Subject Property Use Adjacent Property Use 

1947 The west quadrant of the Subject 
Property appeared to be a marsh, while 
the east quadrant appeared to be grass. 
A roadway, 3rd Ave., was already in place 
bordering the east side of the Subject 
Property. 

The parcels adjacent to the Subject 
Property appeared mostly vacant 
with the exception of several small, 
scattered, residences. Most 
residences appear to the east of 3rd 
Ave.. 

1955 The Subject Property remained 
unchanged. 

No changes to land use were noted 
for the surrounding properties 
except that a few more residences 
appeared. 

1964 A square building was visible on the east 
quadrant of the Subject Property. The 
remainder of the east quadrant appeared 
to be grass and the west quadrant 
appeared to be a marsh. 

Land use for surrounding properties 
appeared to be more developed. To 
the east of 3rd Ave. most properties 
have residences and there appears to 
be a string of residences to the south 
of the Subject Property. 

1967 The Subject Property remained 
unchanged. 

No changes to land use were noted 
from the surrounding properties. 

1976 The roadway, which is now SR104, 
appears at the western border of the 
Subject Property. The remainder of the 
Subject Property appeared unchanged. 

The apartment complex to the south 
of the subject property was 
developed. No other significant 
changes to land use were identified. 

1985 SR104 is fully developed at the western 
border of the Subject Property. The west 
quadrant of the Subject Property 
appears to have become marshier. 

No changes to land use were noted 
for the surrounding properties 
except that buildings are developed 
to the north of the property, across 
from SR104. 

1989 The Subject Property remained 
unchanged. 

No significant land use changes 
were noted for surrounding 
properties. 

4.4.2 Fire Insurance Maps 

Historic Sanborn fire insurance maps of the City of Edmonds were reviewed, for the years 1909 

and 1926, but the Subject Property was not included within the vicinity of the maps. Copies of 

the Sanborn maps are presented in Appendix J.  
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5.0 Information from Site Reconnaissance 

5.1 Methodology and Limiting Conditions 
Herbal conducted a Subject Property visit on April 13th, 2017, which consisted of a walking 
survey of the exterior areas of the condominium buildings and of the boundary areas of the 
marsh as well as limited areas in the marsh. Weather conditions at the time of the visit were 
cloudy and overcast with temperatures in the mid-50’s Fahrenheit.  

The grounds of the Subject Property were visually inspected by Herbal for evidence of potential 
Subject Property contamination, the presence of hazardous or regulated substances, and for 
evidence of a disturbed marsh. To evaluate the marsh, Herbal observed evidence of surface 
disturbances, stressed vegetation, invasive species, standing water, pipes, and other indicators of 
disturbances to the marsh. Photographs of the site reconnaissance are included in Appendix K. 

Herbal took special note of the stormwater runoff on the Subject Property. There are multiple 
routes of stormwater runoff input to Stella’s Marsh. On the western edge of the marsh, a culvert 
and storm catch basin are located adjacent to SR104, and collect runoff from SR104 (Appendix 
F). The runoff collects in the basin until it is full, and the runoff is then discharged into the 
marsh. South of the condominium buildings on the Subject Property, the driveways slope 
downwards towards the marsh (Appendix K). When runoff is flowing down the driveways and 
towards the marsh, it is collected in a culvert at the bottom of the driveways. This culvert 
discharges the runoff into a storm ditch that flows through a bioswale and directly into the marsh 
(Appendix F). If the runoff drains into the Subject Property’s drainage system and does not flow 
over the driveways, the runoff may flow through multiple facility features, which are typically 
catch basins, and a detention facility (Appendix F). Catch basins and detention facilities slow the 
flow of water and allow particles to settle out before the water is discharged to the natural 
environment. After flowing through these, the runoff is collected in the culvert at the bottom of 
the driveway, and then discharged into the marsh through the storm ditch (Appendix F).  

5.2 General Subject Property Setting 
The subject property consists of 41 tax parcels that is bounded by 3rd Avenue South to the east 
and SR104 to the west. Neighboring properties to the north and south are single family 
residences and apartment complexes. 

5.3 Interior Observations 
The reviewed areas of the buildings are currently in use as residential and communal areas. The 
floors are either carpet or sheet vinyl, and the walls and ceilings are sheetrock. 

5.4 Exterior Observations 

 The parking garages and driveways slope downward towards the bioswale that separates
Stella’s Landing from the marsh.

 The bioswale runs parallel to the marsh and has pipes feeding into it at both ends.  There is a
storm ditch that flows through the bioswale from the south to the north, where it empties
into the marsh.

 Standing water was noted at the outlet of the storm ditch leading into the marsh.

 Blue sheens on the water surface were observed in the storm ditch leading to the marsh.

 Invasive species, including bittersweet nightshade, Himalayan blackberry, and English ivy
were observed in the marsh on the Subject Property.
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 A highway, SR104, borders the west end of the Subject Property and isolates Stella’s Marsh
from the larger Edmonds Marsh, with which it was contiguous before construction of
SR104.

 Shellabarger Creek runs parallel to the south end of the Subject Property and is stopped by
SR104, which then forces the creek to move north towards the Subject Property to enter a
culvert which directs flow west to Edmonds Marsh.

 No hazardous substances, petroleum products and/or containers were observed or
identified.

 No aboveground storage tanks were observed on the Subject Property.

 No odors were observed.

 No drums were observed on the Subject Property.

 No sources of PCBs from electrical or hydraulic equipment were observed.

5.5 Adjacent Properties 

 Edmonds Marsh is located west of the Subject Property, separated by SR104.

 Located east of the property is 3rd Avenue South with single-family residences beyond.

 Located north of the property is a single-family residence.

 Located south of the property is a multiple-family residence.

6.0 Interviews 

6.1 Interview with Residents 
Herbal interviewed residents of Stella’s Landing including Priscilla Thurber (22 years occupancy), 
James Wold (5 years occupancy), Ralph Sanders (3 years occupancy), Letitia Brown (5 years 
occupancy), Phyllis Keiley-Tyler (14 years occupancy), Judy Wangen (20 years occupancy), and 
Key Site Manager Anne-Marie Sykes (12 years occupancy) as part of the Phase 1 ESA. 
Interviews were conducted in person on April 13th, 2017. Questions posed to residents by 
Herbal are included in Appendix L. Information obtained during the interview process has been 
incorporated as appropriate throughout the report. Key information from that interview is 
presented below: 

 No spills or leaks are known to have impacted the subject property.

 There have been no known reported releases of hazardous substances at the subject
property.

 The subject property was constructed in 1997 and has been used as a residential community
since then.

 First observable change in Stella’s Marsh occurred in November 2013.

6.2 Interview with Local Government Officials 
Herbal interviewed Jennifer Leach, the Environmental Education and Sustainability Coordinator 
for the Edmonds Department of Parks, Recreation and Culture on April 13th, 2017. She 
supported the residents account of what had occurred in the marsh and the key information 
stated in Section 6.1.  
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7.0 Findings and Opinions 

7.1 HRECs and RECs 
The Phase I ESA did not identify any historical recognized environmental conditions or 
recognized environmental conditions. 

7.2 De Minimis Conditions 
This assessment did not reveal any de minimis conditions in conjunction with the Subject 
Property. 

7.3 Data Gaps 
A data gap is considered the lack of or inability to obtain information required by ASTM 
Practice E1527 despite good faith efforts by Herbal to gather such information. A data gap by 
itself is not considered significant. The following data gaps were identified during performance 
of the Phase I ESA. The significance of the data gaps is discussed below.

 Chain of title information for the Subject Property was not part of the scope of this Phase I
ESA. Given the lack of historical use of the Subject Property and past ownership
information provided by historical resources, the inability to access this information is not
considered a significant data gap.

 An Environmental Lien search and AUL search was not part of the scope of this Phase I
ESA. Interviews with the residents of the Subject Property indicated that there are no
environmental liens on the property. Given the lack of historical use of the Subject Property
and past ownership information provided by historical resources, the inability to access this
information is not considered a significant data gap.

 Hydrogeologic and geologic information for the Subject Property was not part of the scope
of this Phase I ESA. Herbal did not have the resources to reasonably ascertain this
information. This data gap is considered significant and in future studies it could be
beneficial to examine these features.

7.4 Additional Investigations 
Herbal was requested to perform an ASTM E1527 non-scope item. 

7.4.1 Historical Precipitation Data 
During the course of Phase I ESA, a request was made that Herbal review historical 
precipitation data to see if there was any change in the environmental conditions at the marsh 
prior to the outbreak of invasive species which may have contributed to the change. Data was 
obtained from the closest official weather station to the Subject Property, a National Oceanic 
and Atmospheric Administration station located in Everett, WA (Weather Underground 2017). 
The graph of historical cumulative precipitation data can be found in Appendix M. 

In the graph, it is clear that in the years 2010-2012 there were higher cumulative amounts of total 
precipitation than in the year 2013, which was also the year residents first noticed the presence 
of invasive species in the marsh. In the years following, from 2014-2016, the total precipitation 
trend was similar to that of the years 2010-2012, except that in 2015 there was a period of time 
during which low levels of precipitation were reported, similarly to 2013. Residents noted that by 
2015, invasive species were found throughout the entirety of the marsh, which could be 
explained by the low levels of precipitation in 2015, as well as in 2013. 
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7.5 Other Environmental Issues 
As we conclude this assessment, Herbal has suggestions about the cause of the change in species 
composition on the Subject Property. As mentioned in Section 7.4.1, in 2013 there was 
substantially less precipitation than in the preceding and following years. The invasive species, 
bittersweet nightshade, is less tolerant of hydric soils or soils saturated with water (Forest Health 
Staff 2006). In 2013, the lower precipitation would have caused the soils present in the marsh to 
be less saturated than they had been in previous years. With less saturated soil, bittersweet 
nightshade would be more likely to survive within the marsh. This corresponds with the 
observations from the residents that the change in species composition began in 2013.

Another potential contributor to the change in species composition is the culverts adjacent to 
the Subject Property not functioning at full capacity. The culverts connecting Edmonds Marsh 
and the east side of SR104 are currently partially filled with sediment and vegetation, according 
to Michael Cawrse (personal communication 5/10/2017), Doug Gresham (personal 
communication, 4/27/2017), and Herbal’s observations. The sediment and vegetation impede 
flow and exchange of water between the western Edmonds Marsh and the Stella’s portion. The 
alteration of the water flow input into the marsh could alter soil saturation. The alteration of 
flow in conjunction with the lack of precipitation in 2013 could have impacted the soil saturation 
to such an extent that bittersweet nightshade would have been able to survive within the marsh. 

Another hydrologic factor which was not included in the scope of Herbal’s assessment is 
changes to the groundwater table, as groundwater can impact the hydrology and hydrogeology 
of the marsh and surrounding areas (Hunt et al. 1999, Perlman 2016). Due to its potential 
effects, groundwater flow around Stella’s Marsh warrants further investigation. 

A final possible contributor to the change in Stella’s Marsh is contamination from nonpoint 
sources, specifically stormwater runoff from SR104, the driveways in Stella’s Landing, and roads at 
a higher elevation than Stella’s Landing. During high precipitation events, there is increased 
overland flow of water which results in higher levels of contaminants in the water. Contamination 
from nonpoint sources consists of a variety of substances, which can affect the growth of many 
plants in different ways (Brown & Peake 2006, Hoffman et al. 1985, Zhang et al. 2010). Nonpoint 
sources of contamination could have created favorable conditions for the introduction of 
bittersweet nightshade in the marsh and the persistent manner in which it grew. Herbal has limited 
information about nonpoint sources as they are not normally investigated in a Phase I ESA.  

If residents desire a return of native plant species to Stella’s Marsh, we suggest direct invasive 
removal. Stella’s Marsh is classified as a wetland under Washington State regulations, and use of 
herbicides on invasive plants within a designated wetland is likely not allowable under those 
regulations. Following consultation with appropriate regulators, future action could involve 
direct pulling and removal of the invasive species. This can be done by sectioning the marsh into 
quadrants and coordinating removal within each quadrant. By removing invasive plant species, 
the native plants will have a greater chance of thriving in the marsh.

8.0 Conclusions 

Herbal has performed a Phase I Environmental Site Assessment in conformance with the scope 
and limitations of ASTM Practice E1527 of 402 3rd Ave South in Edmonds, WA, the Subject 
Property. Any exceptions to, or deletions from, this practice are described in Sections 1.4 and 
7.3 of this report. This assessment has revealed no evidence of recognized environmental 
conditions in connection with the Subject Property.
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Appendices 

Appendix A. Description of problem in Stella’s Marsh. 

(authored by resident and Key Site Manager Anne-Marie Sykes) 
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Appendix B. Timeline of problem in Stella’s Marsh.  
(authored by resident and Key Site Manager Anne-Marie Sykes) 

 

 

 

23



 

 

 

  

24



Appendix C. USGS 7.5 minute topographic map of Subject Property and surrounding 

area. 

https://mappingsupport.com/p/gmap4.php?ll=37.750531,-119.590496&z=15&t=t4 
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Appendix. D. Building plans for Subject Property. 
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Appendix E. Construction permit for Subject Property. 
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Appendix F. Map and legend of drainage system on Subject Property and surrounding 

areas.  

(City of Edmonds GIS 2017). Stella’s Landing is outlined in red, and their section of the 

marsh is outlined in black. 
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Appendix G. Results of Environmental Radius Report for Subject Property and 

surrounding areas. 
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Appendix H. Map of Edmonds Stream Team monitoring sites. 
(Sites within vicinity of Subject Property are F1, J1, and K1) 
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Appendix I. Aerial photographs of Subject Property and surrounding areas. 

 

Aerial photograph of Subject Property vicinity in 1947. 

 

Aerial photograph of Subject Property vicinity in 1955. 
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Aerial photograph of Subject Property vicinity in 1964. 
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Aerial photograph of Subject Property vicinity in 1967. 

Aerial photograph of Subject Property vicinity in 1985 
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Aerial photograph of Subject Property vicinity in 1989. 
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Appendix J. Sanborn maps of areas surrounding Subject Property.

Sanborn map showing area surrounding Subject Property in 1909. 

38



 

 

 

Sanborn map showing area surrounding Subject Property in 1926. 
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Appendix K. Photographs from site reconnaissance. 

View facing east of sloped driveway. 

View facing north of bioswale and storm ditch leading into marsh. 
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View facing north of storm ditch leading into marsh with 404 3rd Ave S, Edmonds WA in 

background. 

 

 

 

 

 

 

 

 

 

 

View of standing water in storm ditch leading into marsh. 
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Appendix L. Interview Questions for Residents and Key Site Manager. 
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Appendix M. Historical precipitation data from Everett WA weather station. 
(Weather Underground 2017). 
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1.0 Executive Summary 

Through the Sustainable Cities Partnership, Western Washington University and the City of 
Edmonds partnered to engage students in community projects and address specific issues faced 
by the City. In the class “The Science, Management, and Outreach of Contaminated Sites,” two 
groups addressed the environmental conditions associated with a parcel of private land and a 
wetland located on the property, called Stella’s Landing and Stella’s Marsh, respectively.  

The purpose of the Phase II Environmental Site Assessment (ESA) is to evaluate the 
environmental conditions at the site with a scientific approach, following the recommendations 
and findings of the Phase I ESA. Due to time constraints, Phase I and Phase II of the ESA were 
conducted concurrently; the final report of the Phase I ESA was authored by Rahlmann et al. 
(2017). 

The objective of the Phase II ESA was to determine if nonpoint source pollution has 
contributed to differences in vegetative cover of the native cattail (Typha latifolia) and invasive 
bittersweet nightshade (Solanum dulcamara) found in Stella’s Marsh. Based on the results of this 
assessment, the differences in vegetative cover are likely not caused by nonpoint source 
pollution entering into the wetland.  

The following is recommended as future work: assess the micro-topography of the site, consider 
groundwater levels and hydrology, and consider historical precipitation patterns and species’ 
seasonal growing conditions. 

2.0 Introduction

A Phase II Environmental Site Assessment (ESA) was conducted at the property at 404 3rd 
Avenue South, Edmonds, Washington, 98020 (Stella’s Landing), in conformance with the scope 
and limitations of ASTM Practice E 1903-11. Our objective was to determine if a relationship 
existed between nonpoint source pollution and the vegetation patterns observed in Stella’s 
Marsh. We approached this objective through several tasks: 1) identify potential pollution 
sources and determine if contamination is present in the wetland, 2) characterize wetland soils 
and sediments (hereafter referred to as soils since we did not distinguish between them), 3) 
determine the vegetation composition and abundance, and 4) evaluate if a relationship exists 
between potential contamination, soil characteristics, and patterns in vegetation. 

2.1 Purpose
In 2013, residents of Stella’s Landing became concerned about a section of the Edmonds Marsh, 
locally known as Stella’s Marsh. They noticed that their cattail-dominated wetland changed due 
to the encroachment of bittersweet nightshade, an invasive wetland species (Rahlmann et al. 
2017). Through the Sustainable Cities Partnership, the City of Edmonds and Western 
Washington University collaborated to address the concerns of residents at Stella’s Landing. 

Upon consideration of observations communicated by residents at Stella’s Landing, we opted to 
collect field data designed to determine if the vegetation composition of the wetland was 
associated with contaminants and/or other disturbances. Typically, the Phase II ESA is 
conducted after the findings of the Phase I ESA. Due to time constraints, both phases were 
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conducted concurrently. Results may help guide future studies or management decisions 
regarding Stella’s Marsh. 

2.2 Objective
The objective for this assessment was to determine if a relationship existed between nonpoint 
source pollution and the vegetation patterns observed in Stella’s Marsh. We completed this in 
four tasks:  

First, we identified potential sources of pollution entering Stella’s Marsh and developed a 
sampling plan to address them (Figure 1). The first potential source was a stormwater runoff 
drain, located at the north end of the boundary between Stella’s Marsh and the Stella’s Landing 
residential condominium complex. The second potential source was located at the mouth of 
Shellabarger Creek, which flows adjacent to the south boundary of Stella’s Marsh and drains into 
the south end of the marsh. This is near State Route (SR)-104, also a potential source of 
contamination, which meant we could not easily distinguish Shellabarger Creek inputs from 
SR104 inputs. Sampling was conducted along an 80 meter (m) transect that connects the 
stormwater runoff drain with the mouth of Shellabarger Creek (Figure 2).   

The second task was to determine the dominant types of vegetation along the transect and 
measure the abundance of each species. Along the 80 m transect, 1-m2 quadrats were used to 
estimate the percent cover of both cattail and bittersweet nightshade.  

The third task was to characterize the wetland soil along the transect and the water quality of the 
potential sources. Soils were analyzed for total metals, polycyclic aromatic hydrocarbons (PAHs), 
nutrients and organic matter. Water was analyzed for total metals and total petroleum 
hydrocarbons, which is the sum of benzene, toluene, ethyl benzene, and xylene (TPH-BTEX). 

Our final task was to determine if the concentrations of contaminants in the wetland soils were 
correlated to the vegetation patterns observed in the wetland. Statistical analyses were used to 
determine if soil characteristics were significantly different along the transect. In addition, we 
used statistical analyses to determine if significant relationships existed between the dominant 
species in a particular quadrat and the chemical characteristics of the soil in that quadrat.  

3.0 Background

3.1 Site Description
Stella’s Marsh is located in Edmonds, Washington, and is connected to the greater Edmonds 
Marsh. The two wetlands are separated by SR104 (Figure 1), but are linked by a culvert to allow 
water flow between the two (Rahlmann et al. 2017). There is considerable urban upland to the 
east of Stella’s Marsh, such that urban runoff can flow into the marsh. Two storm drains from 
the city empty directly into Stella’s Marsh on the east side of the wetland. Shellabarger Creek 
flows into the marsh on the south end of the wetland. Edmonds receives large amounts of 
precipitation throughout the year with mild temperatures.  The National Cooperative Soil Survey 
has identified the soil in Stella’s Marsh as Mukilteo Muck (US Department of Agriculture 1998).  
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Long-time residents of Stella’s Landing report that Stella’s Marsh was once dominantly cattails. 
Since 2015, they have observed bittersweet nightshade outcompeting the cattails. Bittersweet 
nightshade dominates Stella’s Marsh at the southern end of the wetland, where Shellabarger 
Creek flows into Stella’s Marsh. Roughly 20 m north of the mouth of Shellabarger Creek, the 
abundance of nightshade begins to decrease and the native cattails flourish (Rahlmann et al. 
2017). 

4.0 Phase II Activities

4.1 Conceptual Site Model and Sampling Plan
The conceptual site model takes into consideration the potential distributions of contaminants 
with respect to sources of stormwater, disturbances such as culverts or drainage outlets, and the 
patches of invasive and native plants. 

The sampling plan included water and soil sampling and a vegetation survey along a transect in 
Stella’s Marsh (Figure 2). A total of four water sampling sites were located as possible sources of 
stormwater runoff (Figure 2). Potential sources were determined to be Shellabarger Creek, the 
Northern Stormwater Runoff Output (NSRO), the Southern Stormwater Runoff Output 
(SSRO), and the culvert opening that connects Edmonds Marsh to Stella’s Marsh. The soil and 
vegetation sampling occurred along an 80 m transect where a gradient of plant species 
composition was observed; the end of the transect (at 80 m) was on the banks of Shellabarger 
Creek, so no vegetation or soil data was collected at this point on the transect. This transect 
began at the NSRO (47.80747N 122.38187W) and ended at the mouth of Shellabarger Creek 
near SR104 (47.80697N 122.38255W). 

4.2 Methods
4.2.1 Water

Water collection was based on the “Industrial Stormwater Monitoring and Sampling Guide” 
(USEPA 2009). We collected samples between approximately 5:00 and 6:00 pm, shortly after a 
rain event on 4/26/17 (total precipitation = 1.75 cm, National Weather Service Daily Summary). 
We measured temperature and dissolved oxygen (DO) using a field YSI probe. We measured 
salinity with a refractometer, and pH with an Oakton pH probe. We collected the water samples 
in amber glass containers (provided by ALS Environmental Laboratory, Everett, WA) for TPH-
BTEX analysis and in 50 ml plastic centrifuge tubes for metal analysis. Samples were transported 
in a cooler with ice, then transferred to storage at 4°C until analysis, with the exception of 
samples for metals analysis, which were stored at room temperature. 

4.2.2 Soil
Soil collection was adapted from the method outlined in “Legacy Management CERCLA Sites. 
Quality Assurance Project Plan” (Department of Energy 2007).  We collected soil samples two 
times. 

In the first soil sampling event on 5/2/2017, five soil samples were collected for PAH analysis at 
11, 29, 45, 60, and 70 m from the NSRO along the established transect and one meter away 
from the transect. Information on plant species composition was also collected at these sites, as 
described in Section 4.2.3.   
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In the second soil sampling event on 5/6/2017, a 1-m2 quadrat was placed along the transect 
every 10 m between 0 and 70 m, for a total of 8 locations to match the locations of the 
vegetation data collected on 4/26/17 (Section 4.2.3). In each quadrat, three samples were 
collected using a small plastic hand shovel, based on a systematic random sampling approach 
(Zhang 2007). GPS waypoints were taken at every quadrat. Soils from this sampling event were 
analyzed for organic matter content, nutrients, and metals by ICP-MS.  Metals, organic matter 
and nutrients analyses were completed for all replicates.  

 4.2.3 Vegetation 
Methods for vegetation surveying were adapted from “Standard Operating Procedures: 
Terrestrial Plant Community Sampling” (USEPA 1994).  We collected information on 
composition and abundance of vegetation two times.  

The first vegetation survey was conducted on 4/26/17. Along the transect, 1-m2 quadrats were 
placed on the southeast side of the transect every 5 m from 0 to 70 m, for a total of 16 quadrats. 
The percent cover of cattails, bittersweet nightshade and bare soil was estimated in each quadrat. 
Additional observations, such as other species of vegetation present, were recorded.  

The second vegetation survey was conducted on 5/2/17. Quadrats were placed along the 
transect at the 11, 29, 45, 60, and 70 m mark (see Section 4.2.2). The locations for these quadrats 
were selected to ensure at least one quadrat included only cattails, one quadrat included only 
bittersweet nightshade, and at least one quadrat included a mixture of the two species.  

At each quadrat, photos were taken and a GPS waypoint was recorded (Appendix I).  For 
statistical analyses, vegetation data collected every 10 m from 0 to 70 m on 4/26/17 and all data 
collected on 5/2/17 is used; the percent cover data is averaged for the two sampling periods 
when data was collected from the same location (±1 m) on the transect. 

4.2.4 Organic Matter
Organic matter content of each sample was determined according to the loss on ignition (LOI) 
method (ASTM 1993). Soil was placed in a covered dish and heated at 440°C until the sample 
reached a constant mass.  

4.2.5 Nutrient Analysis
Soil samples were analyzed for nitrogen, potassium, and phosphorous using an NPK Soil Test 
Kit (Code 3-5880, LaMotte Company). The content of each chemical in the samples was 
classified as low, medium, or high. According to the instructions, the values for low, medium, 
high (respectively) for each chemical were as follows: 40, 160, and 320 lb nitrogen/A/6” soil; 8, 
20, and 64 lb phosphorous/A/6” soil; and 40, 80, and 160 lb potassium/A/6” soil. Results are 
converted from the low, medium, and high categories into these numeric values and are 
presented in Appendix II.  

4.3 Chemical Analyses
Water samples were analyzed for TPH-BTEX according to USEPA (2014) by ALS 
Environmental Laboratory in Everett, Washington.  
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Soil samples were analyzed for PAHs according to USEPA (1998) by ALS Environmental 
Laboratory. The sum of the individually measured PAHs are reported as the total PAHs and are 
used for statistical analyses (Table AII-1).  

Water samples were digested according to EPA (1996). 

Approximately 0.3 g of dried soils were microwave digested with 3 ml trace metal grade (TMG) 
HCl and 9 ml HNO3 (TMG) in a Milestone Ethos EZ Microwave Digestion System following 
the Soil protocol (Milestone digestion application #03-001 (9/14/99)). The digestates were 
diluted with NanoPure water to 5% HNO3 (TMG).  

All digested samples were analyzed for metals by ICP-MS at Western Washington University in 
the Advanced Materials Science and Engineering Center (AMSEC) lab.   

4.4 Statistical Analyses
A one-way ANOVA was conducted for comparisons between the eight quadrats along the 
transect for metals, organic matter, and nutrients. A post hoc Tukey HSD test was conducted to 
test for significant results.  

A Pearson correlation coefficient was computed to assess relationships between percent cattails 
or bittersweet nightshade and selected metals or organic matter; metals and organic matter were 
used as an average of three per quadrat for the correlations.  

All statistical analyses were completed using R software. 

5.0 Presentation and Evaluation of Results 

Of note, although we did find chemical contamination in soils at Stella’s Marsh, it is unlikely that 
humans would be exposed to the chemicals in the soils such that toxicity would be expected.  
The vegetation in the wetland, however, is likely to be exposed, so toxicity to vegetation was 
considered as part of the literature reviews presented in this section.  

5.1 Sources of Contamination
We identified four potential sources of contamination at Stella’s Landing and analyzed water 
samples from those sites. Concentrations of TPH-BTEX were below the reporting limits of 1 
µg/L for benzene, toluene, and ethylbenzene and 3 µg/L for xylenes. 

5.2 Soil Characterization
Total PAH concentrations in soils increased as distance from the NSRO increased (Figure 3). 
Thus, the primary source of PAHs in the wetland is not the stormwater runoff from the 
residential complex, but instead is likely SR104 or Shellabarger Creek, with SR104 being the 
most likely source given the lack of detections in the Shellabarger Creek water samples and 
knowledge of road contributions of PAHs to surrounding land (e.g. Benfenati et al. 1992; 
Pathirana et al. 1994). 

A suite of 21 metals was analyzed, but results are presented for the 12 metals with 
concentrations above the quantification limit, including: aluminum, arsenic, cadmium, 
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chromium, copper, iron, potassium, magnesium, manganese, nickel, lead, and zinc (Figures 4a-
4k). General trends are summarized below: 

• Aluminum, chromium, copper, magnesium, nickel, potassium and lead showed a trend
where the first three sites along the transect (closest to Stella’s Landing) are not different
from each other, and then the concentrations of metal increase with distance along the
transect (furthest from Stella’s Landing; A to A’ on Figures 4 a, d, e, g, h, j, and k).

• Arsenic and cadmium had a trend where the concentrations at the first site (closest to Stella’s
Landing) was relatively high, the concentrations at the second site was relatively low, and
then the concentrations at the rest of the sites gradually increase along the transect (from A
to A’ on Figures 4 b and c).

• Iron concentration had no clear pattern along the transect (Figure 4f).

• There was high variability in the manganese concentrations at the first site (closest to Stella’s
Landing) and relatively high average concentrations, but this was not significantly different
than four of the sites.  None of the other sites were different (Figure 4i).

In addition to PAH and metals concentrations, we assessed the organic matter content of the 
soil (Figure 5). Organic matter content was highest in the middle of the transect, but did not 
explain the vegetation patterns we observed.  This is best demonstrated by the three samples 
closest to the NSRO; these had the greatest percent of cattails, but a range of organic matter 
content.  

5.3 Description of Vegetation along Transect
From the NSRO at Stella’s Landing (A) to approximately 25 m, cattails were the primary 
vegetation species present and no bittersweet nightshade was observed. From 35 m to 50 m (A 
to A’), bittersweet nightshade predominated with 75 to 85% cover and little to no cattails. From 
55 to 80 m, there was a mixture of cattails and bittersweet nightshade (Figure 6).  

5.4 Correlation Results
Analyses were conducted for percent cattail and percent bittersweet nightshade against all 
measured variables of soil (metals, total PAHs, and organic matter) by computing Pearson’s 
correlation coefficients. An example of the correlations is presented as Figure 7. Correlations 
were variable and showed a mix of positive and negative results, but correlations for both 
vegetation types against all other variables were not statistically significant (Appendix III).  

6.0 Discussion of Findings and Conclusions 

6.1 Metals and Vegetation
If there were a cause and effect relationship between metal contamination and ability of the 
bittersweet nightshade to establish, we would expect an increasing percent of nightshade as the 
metals concentrations increased (i.e. a positive correlation), indicating that the metals are toxic to 
the cattails and the nightshade is more tolerant of the metals. There were no significant positive 
or negative correlations between any of the concentration of metals in soil and percent cattail 
cover, or any of the metals and bittersweet nightshade cover (Figure AIII-1). Although we saw 
no significant results that support a relationship between metals and vegetation type, a literature 
review shows that some metals can have adverse effects on cattails (T. latifolia).  In the studies 
discussed below, all of the exposures were with metals in solution as opposed to soil; because we 
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measured metals in the soils at Stella’s Marsh, it is not appropriate to compare the 
concentrations from the reviewed literature to concentrations in the field, but the discussion 
does imply that metal toxicity can be a factor, and warrants a more complete literature review to 
add perspective to the field results. 

• One study found that root and shoot dry weight and leaf elongation were not affected, but
root growth of T. latifolia was inhibited in seedlings after 72 days of exposure to 0.05 µg/ml
copper or 0.10 µg/ml nickel (Ye et al. 1997a)

• Ye et al. (1997b) exposed T. latifolia seedlings to 20 µg/ml lead, 1 µg/ml zinc, or 0.25 µg/ml
for 21 days. Longest leaf elongation and root and shoot dry weight were not affected by the
lead, but root elongation was inhibited. Longest leaf and root elongation were inhibited in
the zinc exposures.  Leaf and root elongation, and shoot and root dry weight were inhibited
by the cadmium; additionally, most of the leaves were chlorotic.

• In a study by Karathanases and Johnson (2003), cattails were exposed to coal mine effluent,
and they found that a mixture of metals that included 10.9 mg/L of manganese elicited no
visible signs of toxicity for T. latifolia.

• There was limited information on how aluminum, arsenic, potassium, magnesium, and
chromium affect T. latifolia.

• We did not find information on how the metals we examined affect bittersweet nightshade.

These studies support that metals can affect cattail growth, with root elongation being the most 
sensitive effect. When we examined potential correlations between metal concentration and 
percent cover of both vegetation species, the results showed no significant correlations. Since 
there were no significant correlations, metals are probably not a contributing factor to the 
distribution and composition of the vegetation in the wetland, but we did not examine the 
cattails in Stella’s Marsh for symptoms of toxicity, such as changes to root and leaf growth. We 
can not exclude the possibility that contaminants caused sub-lethal effects to the cattails, as 
supported by the literature. If this were of interest, future work could focus on relating biomass 
of cattails to metal concentrations in the soils. 

6.2 PAHs and Vegetation
According to Maliszewska-Kordybach and Smreczak (2000), PAHs in soils stimulate plant 
growth at low concentrations but significantly inhibit plant growth at higher concentrations. The 
authors tested four concentrations of a PAH mixture containing fluorene, anthracence, pyrene, 
and chrysene on six plant species to observe the effects on growth. Their results showed that 
low concentrations of PAHs in the soils (1-10 mg/kg dry soil) stimulated the growth of 
Helianthus annus L. (common sunflower) and Phaseolus vulgaris L (common bean), but higher 
concentrations (100 mg/kg dry soil) inhibited growth on all tested plants. Root length and stem 
length were both significantly inhibited at 100 mg/kg dry soil of the PAH mixture. The authors 
hypothesize that the low toxicity is due to the low bioavailability and water solubility of PAHs. 
Although PAHs can damage cell membranes, which could result in genetic mutation, slow 
growth, and weakening of the plant, it is difficult for PAHs to penetrate into plant tissue to do 
so. 

Cattails have been shown to be effective at absorbing PAHs from water. Kahn (2007) exposed 
narrow leaf cattail pollen, referred to as cattail fiber, to a series of PAHs in water and found that 
roughly one gram of cattail fiber removed 0.1 to 11 mg of PAHs. This could explain our results 
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that showed PAHs with a higher concentrations in soils at the mouth of Shellabarger Creek, 
where no cattails were present, while PAH concentrations decreased as cattail coverage increased 
(Figure 7). Alternatively, it could be that there were simply more PAHs present near Shellabarger 
Creek because those sites were closer to the road, and it is well established that incomplete 
combustion of gasoline produces PAHs that accumulate in soils near roads (as discussed in 
Section 5.2). 

6.3 The Wetland Environment and Vegetation Presence
Wetland environments are low flow systems, which means that with increasing vegetation there 
is less water flow on the surface. As a result, both toxic and beneficial chemicals tend to deposit 
and accumulate in the soil via deposition of sediments from the water (Kadlec 1995). This 
decreased flow may also contribute to altered sedimentation and organic matter regimes within 
wetland systems.  

The tolerance of T. latifolia to salinity ranges from <4 mS cm-1 to <9 mS cm-1 and to pH from 
6.5 to 8.5; if salinity or pH is outside of these ranges, there could be an effect on the availability 
and retention of nutrients to the plants (Calheiros et al. 2007). It is established that cattails 
benefit from higher amounts of phosphorous, and concentrations of leaf K, Mg, Ca, Mn and 
Mo were positively correlated with phosphorous availability (Li et al. 2010).  Additionally, 
bittersweet nightshade may prefer soils rich in nitrogen rather than phosphorous (Waggy 2009). 
This all supports that a change in nutrient availability caused by salinity or pH changes could 
affect cattail and bittersweet nightshade growth.  

Other work has shown that species within the genus Typha inhabit areas with lower nutrients 
and organic matter (Werner and Zedler 2002). Not a lot of literature relates bittersweet 
nightshade to levels of organic matter. In our study, organic matter was highest in the center of 
the transect, however there was no pattern in relation to species abundance. Specifically, higher 
percentages of cattails occurred in both the lower and higher ranges of organic matter (Figure 5). 
The literature also supports that cattails can break down and remove organic matter from the 
soil (Calheiros et al. 2008). It is not clear, therefore, whether the organic matter is altered by the 
cattails or whether bittersweet nightshade has a preference for higher organic matter.  

Although we did not investigate particle size of the wetland soils, it may play a role in 
colonization of bittersweet nightshade. Cattails have higher performance and propagation in clay 
aggregates than sand. Bittersweet nightshade, in New Jersey, was more likely to occur in sites 
with higher percentages of sand. However, there are several other instances which exemplified 
the range of soil types in which it can occur, namely loam and clay (Waggy, 2009). 

Although there is evidence that a wetland environment itself may be more conducive for the 
colonization of either native or invasive species, our work does not support whether it is the 
case that bittersweet nightshade was present at Stella’s Marsh because of any specific component 
of the wetland environment.  We also can not eliminate the possibility that the bittersweet 
nightshade may have been merely introduced to the marsh near A’ and is spreading throughout 
the wetland.  
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6.4 Vegetation Hydrologic Preferences and Precipitation Data

6.4.1 Cattail
According to the US Army Corps of Engineers (2012), cattails are herbaceous, emergent plants. 
The base of this plant grows in submerged conditions with the roots in flooded soil or seasonally 
saturated soils. Cattails are obligate wetland plants that almost always occur in wetlands. They are 
typically found in standing water or seasonally saturated soils that are saturated near the surface 
for 14 or more consecutive days. 

We focused part of our literature review on how cattails fare in drier soils. Li et al. (2004) 
showed that periodic drought conditions reduced biomass production as well as height of 
cattails. Root growth was also inhibited by experimentally created periodic drought conditions. 
Drought conditions were simulated by watering the plants only when the soil water potential was 
between -0.5 and -0.8 MPa. They concluded that T. latifolia is susceptible to drought conditions. 

6.4.2. Bittersweet Nightshade 
Bittersweet nightshade can occur in relatively undisturbed areas, but prefers areas that have been 
disturbed. The plant typically occurs in areas that have an annual precipitation of 32 to 45 inches 
and also occurs in maritime-influenced regions like the Pacific Northwest (Waggy 2009). 
Bittersweet nightshade is a facultative plant, and these types of plants occur in both wetlands and 
areas that are not wetlands. They can occur in a wide variety of habitats and have a wide 
tolerance of soil moisture conditions (US Army Corps of Engineers 2012). Though it can 
succeed in fairly dry soil, it grows best in moist situations and can tolerate a fair amount of shade 
(Invasive Plant Atlas of New England 2007). 

6.4.3 Precipitation Data 
Figure 8 shows the cumulative precipitation data collected from a NOAA station in Everett over 
the years 2010 to 2016. In 2013 and 2015 there was low cumulative precipitation relative to 
other years. Stella’s Landing residents noticed the invasion of bittersweet nightshade in late 2013. 
Since 2013 was a relatively dry year, the cattails could have been stressed, allowing the 
bittersweet nightshade to invade the wetland, since bittersweet nightshade can succeed in both 
dry and moist soil. Based on these observations, we believe this potential cause of the change in 
plant species warrants further investigation. 

7.0 Recommendations 

We suggest future studies be conducted on the wetland, but first recommend a complete 
investigation of the literature on environmental conditions that are favorable to bittersweet 
nightshade and stressful to cattails. The advantage of this as a first step is that it is a low cost way 
to guide future field work, ensuring the efficiency of that field work. Based on our work, we 
recommend future work focused on the hydrology of this wetland, although particle size analysis 
should also be completed. 

For further studies related to the invasion of bittersweet nightshade at Stella’s Marsh we 
recommend analyzing the micro-topography of Stella’s Marsh. According to Werner and Zedler 
(2002) stormwater sedimentation can alter the micro-topography of a wetland, which may result 
in reduced species richness and an increase in invasive species. The authors suggest that 
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sedimentation creates a disturbance that promotes invasive species establishment. Once the 
invasive plants are established, they have the potential to expand over the wetland and reduce 
species richness. 

Based on the precipitation records of Edmonds (Figure 8) from 2010 through 2016, we 
hypothesize that a change in precipitation, hydrology, or some combination of both, could be 
correlated to the invasion of bittersweet nightshade. We do not have information on how the 
culvert that connects the Edmonds Marsh to Stella’s Marsh or long-term changes to the regional 
groundwater table may have impacted wetland hydrology.  It is possible that some combination 
of these altered the wetland hydrology enough to allow for the colonization of the bittersweet 
nightshade. To investigate these possibilities, we recommend installing piezometers in Stella’s 
Marsh to understand groundwater contributions and flow, and monitoring salinity as a way of 
understanding the input from the Edmonds Marsh. Cole et al. (1997) used piezometers and wells 
to monitor water levels and ground water in wetlands to determine if groundwater was a source 
of water for the wetland plants. Studies on the wetland hydrology could support whether this is a 
factor in where the wetland species are able to colonize.  
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Figures 

Figure 1. Map of Stella’s Marsh in relation to the broader Edmonds Marsh, bisected by 
State Route 104. The selected section of the map in yellow is Stella’s Marsh. The road 
map on the right depicts the location of Edmonds relative to the Seattle area in 
Washington State.  
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Figure 2. Conceptual Site Model of Stella’s Marsh. Stormwater runoff water sampling points, 
labeled in blue, are (1) Northern Stormwater Runoff Output (NSRO), (2) the Southern 
Stormwater Runoff Output (SSRO), (3) Shellabarger Creek, and (4) the culvert opening that 
connects Edmonds Marsh to Stella’s Marsh. The yellow line connecting point sources A 
(NSRO) and A’ (Shellabarger Creek) represents the soil and vegetation sampling transect. 
 

 
Figure 3. Concentrations of total PAHs (μg/kg) in the soil plotted against distance from the 
NSRO. The red line represents the best-fit line.  
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Figure 4. Continued. 
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Figure 4. Concentrations of metals in soil samples at Stella’s Marsh: a) aluminum b) 
arsenic c) cadmium d) chromium e) copper f) iron g) potassium h) magnesium i) 
manganese j) nickel k) lead l) zinc. Concentrations are per dry weight of sample. Percent 
cover of cattails is represented by different colors: 80-100% cattail (green), 40-60% 
cattail (grey), 20-40% cattail (orange), and 0-20% cattail (red). No data for 60-80% 
cattail. Letters represent post hoc comparisons using Tukey HSD test. If letters are the 
same, that indicates no significant difference between those groups. n= 3. 
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Figure 5. Distance versus percent organic matter in soil samples in Stella’s Marsh. 
Percent cover of cattail is represented by different colors: 80-100% cattail (green), 40-
60% cattail (grey), 20-40% cattail (orange), and 0-20% cattail (red). No data for 60-80% 
cattail. Letters represent post hoc comparisons using Tukey HSD test.  If letters are the 
same, that indicates no significant difference between those groups. n=3, except at 50 m, 
which had n=1.  

Figure 6. Percent cover from 4/26/17 sampling event.  

0

10

20

30

40

50

60

70

80

90

0 10 20 30 40 50 60 70 80

Pe
rc

en
t c

ov
er

Distance from NSRO (m)

Cattails Bittersweet Nightshade

64



 

 
Figure 7. Concentrations of total PAHs (μg/kg) plotted against cattail coverage (%). The red line 
represents the best-fit line.  
 
 

 
 
Figure 8. Precipitation records of Edmonds from 2010 to 2016. Data was collected from NOAA 
in Everett. Figure was created by Rahlmann et al. (2017). 
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Appendix I 

Table AI-1. Information about percent cover of each vegetation type and bare space in each 
quadrat sampled along the transect. Associated information for each quadrat, such as date 
recorded, the meter mark on the transect, site number, and if a photo was taken are included. 

Vegetation Data Associated with Metals in Soil Data 

Date 

m on 
transect 
from A 
to A’ Site # 

Photo 
(Y/N) 

Waypoint 
N 

Waypoint 
W 

Cattail 
Cover 

Nightshade 
Cover 

Bare 
space 

4/26/2017 0 1 Y 47.80747 122.3819 6 0 94 
4/26/2017 5 2 Y 47.80745 122.382 30 0 70 
4/26/2017 10 3 Y 47.80743 122.382 40 0 60 
4/26/2017 15 4 Y 47.80742 122.3821 5 0 95 
4/26/2017 20 5 Y 47.80736 122.3821 30 0 70 
4/26/2017 25 6 Y 47.80734 122.3821 10 1 89 
4/26/2017 30 7 Y 47.80729 122.3822 4 6 90 
4/26/2017 35 8 Y 47.80728 122.3823 1 85 14 
4/26/2017 40 9 Y 47.80722 122.3822 0 85 15 
4/26/2017 45 10 Y 47.80718 122.3823 0 85 15 
4/26/2017 50 11 Y 47.80712 122.3823 10 75 15 
4/26/2017 55 12 Y 47.8071 122.3824 8 10 82 
4/26/2017 60 13 Y 47.80707 122.3824 14 24 62 
4/26/2017 65 14 Y 47.80705 122.3824 20 25 55 
4/26/2017 70 15 Y 47.807 122.3825 25 15 60 
4/26/2017 75 16 Y 47.80697 122.3826 5 20 75 

Vegetation Data Associated with PAH in Soil Data 

Date 

m on 
transect 
from A 
to A’ Site # 

Photo 
(Y/N) 

Waypoint 
N 

Waypoint 
W 

Cattail 
Cover 

Nightshade 
Cover 

Bare 
space 

5/2/2017 70 17 47.80703 122.3826 12 75 13 
5/2/2017 60 18 47.8071 122.3825 20 12 68 
5/2/2017 45 19 47.80721 122.3823 0 85 15 
5/2/2017 29 20 47.80733 122.3822 20 25 55 
5/2/2017 11 21 47.80743 122.382 65 0 35 
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Figure AI-1. Pictures of Sites 1-9, where Site 1 is at 0 m and Site 9 is at 40 m from the NSRO. 
Sites 2 through 8 are increasing increments of 5 m along the transect. Data from sites 1, 3, 5, 7 
and 9 were used in statistical analyses. 
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Figure AI-1. Pictures of Sites 10-16, where Site 10 is at 45 m and Site 16 is at 75 m from the 
NSRO. Sites 11 through 15 are increasing increments of 5 m along the transect.  Data from sites 
11, 13, and 15 were used in statistical analyses. 
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Appendix II. 

Figure AII-1. The phosphorous content (lb/A/6” soil) along the 80 m vegetation transect.  The 
measured categories of low, medium, and high are translated into content based on information 
in the LaMotte Company NPK Soil Test Kit instructions. 

Figure AII-2. The potassium content (lb/A/6” soil) along the 80 m vegetation transect.  The 
measured categories of low, medium, and high are translated into content based on information 
in the LaMotte Company NPK Soil Test Kit instructions. 
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Figure AII-3. The nitrogen content (lb/A/6” soil) along the 80 m vegetation transect.  The 
measured categories of low, medium, and high are translated into content based on information 
in the LaMotte Company NPK Soil Test Kit instructions. 
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Table AII-1. PAH concentrations in soils collected on 5/2/17.  All concentrations are 
in µg/kg as wet weight soil. 
 

 Distance 

Type of PAH (µg/kg) 
11 m 

(10m) 
29 m 

(30 m) 45 m 60 m 70 m 
Naphthalene U U U U U 
2-Methylnaphthalene U U U U U 
1-Methylnaphthalene U U U U U 
Acenaphthylene U U U U U 
Acenaphthene U U U U U 
Fluorene U U U U U 
Phenanthrene U 83 84 210 520 
Anthracene U U U U 42 
Fluoranthene 66 230 240 550 1400 
Pyrene 75 200 190 420 1000 
Benz[a]anthracene U U 52 150 470 
Chrysene U 160 160 330 810 
Benzo(b)fluoranthene U U U 520 1300 
Benzo(k)fluoranthene U U U 110 330 
Benzo(a)pyrene U U 84 210 550 
Indeno(1,2,3-cd)pyrene U U 120 240 560 
Dibenzo(a,h)anthracene U U U U 150 
Benzo(ghi)perylene U U 180 340 720 
       
Total PAHs 141 673 1110 3080 7852 

 
U = Analyte analyzed for but not detected at level above reporting limit.
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Appendix III.  
 

 
Figure AIII-1. Correlation matrix comparing relationships between all variables. Size of circle 
represents p-value to determine significance. Circles that fill the square box are statistically 
significant (p<0.05). Color and shading represents strength of correlation (i.e. correlation 
coefficient). Dark blue represents a strong, positive correlation; dark red represents a strong negative 
correlation. Of specific interest for this study are the comparisons between chemistry variables and 
cattail and nightshade. The correlation of cattails with total PAHs is included as Figure 7. 
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