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EXECUTIVE SUMMARY 
This sampling and analysis plan describes the objectives and study design of the 2020 
juvenile coho tissue monitoring effort. This work is part of the King County long-term 
monitoring program for toxic contaminants in marine fish. As an anadromous species, 
salmon like Chinook and coho spend the early stages of their life cycle in freshwaters and 
most of their life in marine waters.  
 
Research in the Green and Lower Duwamish rivers and Puget Sound urban streams 
impacted by road runoff has demonstrated salmon are exposed to and affected by toxic 
contaminants during early life-stages. Although the residence time of juvenile salmon in 
King County’s freshwater habitats is brief relative to their lifespan, toxic contaminants may 
adversely impact their health and reduce their overall survival. Because no information on 
contaminant tissue concentrations of juvenile salmon is available for Water Resource 
Inventory Areas (WRIAs) 7 and 8, this effort will help fill a significant data gap and provide 
a baseline to build our knowledge of how juvenile salmon, specifically coho (Oncorhynchus 
kisutch), in these watersheds might be impacted by toxic chemicals.  
 
Sampling of juvenile coho will include targeted locations in the tributaries of WRIAs 7 and 
8. A combination of electrofishing by backpack or cataraft, dip nets, and minnow traps will 
be used to sample the fish between July and October 2020. A maximum of 40 composite 
whole-body samples will be collected for analysis of select bioaccumulative chemicals. 
Chemicals targeted for analysis will include chlorinated pesticides, polychlorinated 
biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs), per- and polyfluoroalkyl 
substances (PFAS), and mercury. 
 
The King County Environmental Lab will analyze all coho tissue samples. Quality 
Assurance-approved data will be entered into the laboratory information management 
system following completion of analysis.  A data report will be produced at the conclusion 
of this study and all data and supporting information will be available for review upon 
request.  
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1.0 INTRODUCTION 
This sampling and analysis plan (SAP) describes the objectives, study design, sampling 
procedures, and analytical methods of the 2020 juvenile coho tissue monitoring effort. This 
section outlines the objectives, spatial scope, schedule, and project team. 

1.1 Study Background and Objectives 
In 2014, King County initiated a routine tissue monitoring program with the primary goals 
of tracking bioaccumulative compounds in fish from streams, lakes, and the Puget Sound to 
understand where exposure to contaminants is highest and to estimate the risk of adverse 
health effects to fish and the people who eat them. A secondary goal of the monitoring 
program is to provide tissue chemistry data where there is a critical knowledge gap. 
Juvenile chinook monitoring in the Green and Lower Duwamish rivers located in Water 
Resource Inventory Area (WRIA) 9 has shown that as salmon move downstream, some 
organic chemicals accumulate to concentrations above levels shown to adversely affect 
them (Meador 2013; King County 2018). In addition, coho prespawn mortality has been 
linked to stormwater runoff from roadways throughout urban areas (Scholz et al. 2011, 
Feist et al. 2018). This research demonstrates that although residence time of juvenile 
salmon in freshwater habitat is relatively brief, contaminants may adversely impact 
juvenile salmon health and reduce their survival. Because information on contaminant 
tissue concentrations of juvenile salmon are unavailable for WRIAs 7 and 8, this effort will 
help fill a significant data gap and provide a baseline to build our knowledge of how 
juvenile salmon (specifically coho) in these watersheds may be impacted by toxic 
chemicals.  

1.2 Scope of Work 
Sampling of juvenile coho (Oncorhynchus kisutch) will include targeted locations in the 
tributaries of WRIAs 7 and 8. Sampling will be conducted using a combination of 
electrofishing by backpack or cataraft, dip nets, and minnow traps.  A maximum of 40 
composite whole-body samples will be collected for analysis. It is anticipated that each 
sample will be comprised of approximately 14–18 individual fish, depending on their body 
weight. Each tissue sample will be analyzed for select bioaccumulative chemicals which will 
include one or more of the following chemical groups depending on the total mass of tissue 
available and the suspected contaminants in the sampling area: chlorinated pesticides, 
polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers (PBDEs), per- and 
polyfluoroalkyl substances (PFAS), and mercury.  Total solids and total lipids will be 
analyzed in all samples. The details of chemical analyses are discussed in Section 4.0. 

1.3 Schedule 
Juvenile coho will be collected between July and October of 2020. Exact scheduling will be 
dependent on when appropriate safety protocols for field sampling during the COVID-19 
epidemic are developed, as well as on the availability of King County Water and Land 
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Resources Division (WLRD) personnel and the presence of coho in the WRIA locations to be 
sampled.  
 
King County Environmental Lab (KCEL) will analyze all coho tissue samples. Except for PCB 
homologs, the turn-around time for all analytical data is approximately eight weeks from 
the completion date of all samples being composited and homogenized. The turn-around-
time for PCB homologs is approximately 14 weeks. Quality Assurance (QA)-approved data 
will be entered into the laboratory information management system (LIMS) following 
completion of analysis. A QA narrative memo will be completed 30 days after all data are 
entered into LIMS. 
 

1.4 Project Team 
The following King County staff members are responsible for project execution: 
 
Jenée Colton, Science Section Program Manager ................................................... 206-477-4075 

Jennifer Lanksbury, Science Section Project Manager ........................................ 206-263-3674 

Dan Lantz, Science Section Fisheries Biologist ....................................................... 206-477-4746 

Josh Kubo, Science Section Fisheries Biologist ....................................................... 206-263-1268 

Chris Gregersen, Science Section Fisheries Biologist ........................................... 206-477-4699 

Susannah Rowles, KCEL Project Manager ................................................................ 206-477-7205 
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2.0 MONITORING DESIGN 
The objective of the 2020 juvenile coho sampling effort is to help fill a significant data gap 
and provide a baseline to build our knowledge of how juvenile salmon in WRIAs 7 and 8 
might be impacted by toxic chemicals. The following sections provide a description of the 
study design including data quality objectives (DQOs), sampling methods, and field and 
analytical parameters measured. 

2.1 Data Quality Objectives 
The DQOs are to collect data of known and sufficient quality to meet the monitoring 
objectives described above in Section 1.1. No DQOs mandated through federal or state 
regulations apply to this effort. The project manager will assess project data and evaluate 
whether the data collected are of sufficient quality to meet monitoring goals. The data 
quality issues of precision, accuracy, bias, representativeness, completeness, comparability, 
and sensitivity are described in the following sections, along with data assessment. Data 
not meeting objectives will be identified and potentially used to improve future monitoring 
efforts. 

2.1.1 Precision, Accuracy, and Bias  
Precision is the agreement of a set of results among themselves and is a measure of the 
ability to reproduce a result. Accuracy is an estimate of the difference between the true 
value and the measured value. The accuracy of a result is affected by both systematic and 
random errors. Bias is a measure of the difference, due to a systematic factor, between an 
analytical result and the true value of an analyte. Precision, accuracy, and bias for analytical 
chemistry may be measured by one or more analyses of various laboratory quality control 
(QC) samples such as blanks, surrogates, and replicates.  
 
Chemical concentrations in field-collected tissue samples of the same species are 
inherently variable and influenced by many factors including age and growth rate. 
Laboratory precision will only be evaluated by the use of laboratory quality control 
samples, including spikes and spike duplicates. If precision is considered too low for 
project needs, these data will be used to guide future sampling efforts. 
 
Analytical bias cannot be quantified for tissue data due to the high natural variability in 
chemical concentrations. However, composite samples will target an average concentration 
and reduce some of this variability.  

2.1.2 Representativeness 
Representativeness expresses the degree to which sample data accurately and precisely 
represent a characteristic of a population, parameter variations at the sampling point, or an 
environmental condition. The species (coho), size of fish (<120 mm) and locations targeted 
were selected to provide data that represent tissue concentrations of juvenile coho at 
different levels of contaminant exposure in WRIAs 7 and 8.  
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The sampling methods used for this project (e.g., electroshocker, dipnet and minnow traps) 
were chosen to optimize catch efficiency and species size collected; these methods are not 
anticipated to influence the analytical results. 

2.1.3 Completeness 
Completeness is defined as the total number of samples analyzed for which acceptable 
analytical data are generated, compared to the total number of samples submitted for 
analysis. Sampling with adherence to standardized sampling and testing protocols will aid 
in providing a complete set of data for this survey. The goal for completeness is 80%. If this 
goal is not achieved, the project team will determine if the DQOs can still be met, and if not, 
include an evaluation of how this affects data interpretation in the reporting of analytical 
findings. 

2.1.4 Comparability 
Comparability is a qualitative parameter expressing the confidence with which one data set 
can be compared with another. This goal is achieved through the use of standard 
techniques to collect and analyze representative samples, along with standardized data 
assessment and reporting procedures. By following the guidance of this SAP, the goal of 
comparability between this and future sampling events will be achieved. Historical tissue 
data may be compared with data generated from this program to enhance data analysis 
efforts. 

2.1.5 Sensitivity 
Sensitivity is a measure of the capability of analytical methods to meet the monitoring 
goals. The analytical detection limits presented below in Section 4 are sensitive enough to 
detect analytes at concentrations of interest to assess risk of adverse effects to fish, wildlife, 
and humans.  

2.1.6 Data Assessment 
Chemical data and QC results will be assessed against requirements of the analytical 
methods as well as the requirements of this SAP. 

2.2 Sampling and Analytical Strategy 
A maximum of 40 composite whole-body tissue samples (up to three composite 
samples/location) of juvenile coho will be collected for analysis in this study (Table 1). 
Collected fish will be smolts <120 mm in fork length of either gender.  
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 Juvenile Coho Sample Goals 

 Goal 
Parameter WRIA 8 WRIA 7 

Tissue type collected Whole-body 
Sample type Composites 

Sex either 
Fish size <120 mm 

Target sample locations 5 7 
Replicates per location 3 3 

Total composite samples 15 21 
Total fish needed 644 

 
WLRD staff will place fish sampled from the same location and date together into a labeled 
Ziploc bag which will include the location and date sampled. A Science Section field 
biologist will measure each individual fish for length, check them for a coded wire tag 
(CWT), place them in a bag with other fish from the same location, and ensure they are 
properly labeled and packed for storage (see Section 3.3). All bagged samples will be placed 
on ice immediately after collection and until they are delivered to the KCEL, where they will 
be stored frozen until laboratory processing.  
 
A Science Section employee will oversee laboratory processing, which will include 
measurement of fish weights and lengths, sorting of fish into composites, and later 
homogenization of those composites (see Sections 3.4 and 3.5). Composite sample mass 
must be sufficient to meet or exceed minimum analytical requirements (Table 2). Total 
composite sample mass requirements for this study will be 54 grams/sample for tissue 
analysis, which includes 49 grams required for tissue analysis plus 10% extra mass to 
make up for loss expected of tissues during homogenization. An additional 161 
grams/sample will be collected for QC testing (i.e. 215 g total for tissue + QC testing); KCEL 
requires one QC sample per batch of 20 tissue samples (See Section 4.7). All samples will be 
stored frozen until homogenization. 
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 Minimum Analytical Mass Requirements for Tissue Analysis 

Analyte Minimum Tissue Mass (g) Additional QC Mass* (g) 

Total Solids 5 15 (LT) 
Total Lipids 0a 15 (LD) 
Mercury 10 10 
Pesticides 15 30 (MS, MSD) 
PCB Homologs 0a 30 (MS, MSD) 
PBDEs  0a 30 (MS, MSD) 
PFAS 15 30 (MS, MSD) 
Non-target analysisb 4 1 
Total Mass per Sample 49 161 

* One QC sample required per batch of 20 samples at KCEL 
a Coextracted with pesticides  
b  Extra mass will be collected for non-target analysis by University of Washington (Andy James) 
QC – quality control samples 
LD – Lab Duplicate 
LT – Lab Triplicate 
MS – Matrix Spike 
MSD – Matrix Spike Duplicate 

2.2.1 Sampling Locations and Schedule 
Juvenile coho will be collected from up to 16 locations in the tributaries of WRIAs 7 and 8, 
between July and October 2020 (Table 3, Figures 1–11). Specific collection sites at these 
sampling locations will be selected by the field biologists except at two WRIA 7 sites 
(Cherry Valley and Deer Creek) where Agricultural Drainage Assistance Program (ADAP) 
projects are located. Fish collection at ADAP sites will be timed according to the dredging 
schedule set by ADAP. Sample locations were selected to represent a range of ecological 
exposure risks based on land use. Locations represent receiving waters across a range of 
land-use types, including low-to-high density development with agricultural, residential, 
and commercial properties. Locations were selected because they are suspected to receive 
road, agricultural and/or urban runoff. Whenever possible, sampling at a location will 
occur at the most downstream reach to target fish with greatest potential exposure to 
contaminants in the tributary. Several back-up locations (see Appendix A, Figures 12–14) 
have been designated for juvenile coho sampling if access is not granted, or fish are not 
available, at the primary target locations listed in Table 3. 
 
A unique locator (Locator ID) will be assigned to each sampling area (Table 3). Coordinates 
for each location sampled will be recorded via handheld GPS or from the cataraft 
navigation system and entered as the locator coordinates in LIMS. Sample identifiers for 
each fish (Sample ID, individual) and for each composite (Sample ID, composite) created in 
the lab will be generated from and stored in LIMS. The length and weight data associated 
with each individual fish (Sample ID, individual) will be entered into LIMS and associated 
with its respective composite (Sample ID, composite).  
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 Target Sample Locations (see Figures 1 – 11) 

WRIA Sample Location Locator ID Samples Fish Comment 
8 East Fork Issaquah Creek Fish_EF_Issaq 3 54 

18 fish per sample* 
8 Upper Issaquah Creek  Fish_Up_Issaq 3 54 
8 Little Bear Creek  Fish_LitBear 3 54 
8 Thornton Creek Fish_Thornton 3 54 
8 Taylor Creek  Fish_Taylor 3 54 
8 Subtotal for WRIA 8  15 270   
7 Ames Creek Fish_Ames 3 42 

14 fish per sample* 

7 Raging River Fish_Raging 3 42 

7 Deer Creek to confluence of 
Snoqualmie River Fish_Deer 3 42 

7 Unnamed Snoqualmie Tributary 
at Jubilee Farms  

Fish_JubFarm_
SnoqTrib 3 42 

7 Adair Creek  Fish_Adair 3 42 

7 Deer Creek (ADAP) Fish_ADAP_ 
Deer 3 82 Two 14 fish samples, 

and one 54 fish 
sample (QC) from 

each location 7 Cherry Creek (ADAP) Fish_ADAP_ 
Cherry 3 82 

7 Subtotal for WRIA 7  21 374   
  Total  36 644   

*Estimated based on expected mean fish weight 
ADAP - Agricultural Drainage Assistance Program 
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Figure 1. East Fork Issaquah Creek target sampling areas, WRIA 8 
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Figure 2. Upper Issaquah Creek target sampling area, WRIA 8 

 
Figure 3. Little Bear Creek target sampling area, WRIA 8 
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Figure 4. Thornton Creek target sampling areas, WRIA 8 

 

 
Figure 5. Taylor Creek target sampling area, WRIA 8 
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Figure 6. Ames Creek target sample area, WRIA 7 

 
Figure 7. Raging River sample area, WRIA 7 
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Figure 8. Deer Creek confluence to the Snoqualmie River target sample area, WRIA 7 

 
Figure 9. Adair Creek target sample areas, WRIA 7 
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Figure 10. Deer Creek ADAP site target sampling area, WRIA 7 

 
Figure 11. Cherry Creek ADAP site target sampling area, WRIA 7 
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2.2.2 Sample Acquisition and Analytical Parameters 
At ADAP locations, fish collection will be conducted by backpack electrofisher or dip net. At 
other locations, sampling will initially be conducted with electrofishing by backpack or 
cataraft boat. If sufficient samples cannot be obtained with this effort, dip nets and/or 
minnow traps will be implemented. Sampling will be conducted by WLRD fisheries 
biologists. Detailed sampling techniques are discussed in Section 3. 
 
Composite samples will be analyzed for total solids, total lipids, PCBs, PBDEs, PFAS, total 
mercury, and pesticides (Table 4). Analyses for all chemical and conventional parameters 
will be conducted by the KCEL. If constraints, such as sample volume, limit analyses, the 
prioritization in Table 5 will be followed. 
 

 Prioritized Analyte List and Methods 

Analyte Group Analyte List KCEL References Standard Method 

Total Solids Solids KCEL SOP# 307 SM 2540-G 

Total Lipids Lipids KCEL SOP# 705/740 GRAVIMETRIC SOP 
740 

Pesticides (GC/ECD) 

Alpha-BHC 
Beta-BHC 
Delta-BHC 
Gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
Dieldrin 
4,4'-DDE 
Endrin 
Endrin Ketone 
Endosulfan II 
4,4'-DDD 
Endrin Aldehyde 
Endosulfan Sulfate 
4,4'-DDT 
Methoxychlor 
trans-Chlordane 
Alpha-Chlordane 
Toxaphene 

KCEL SOP# 705/733 SW 846-
3540C/8081B 

PCB Homologs 
(GC/MS) 

Monochlorobiphenyls 
Dichlorobiphenyls 
Trichlorobiphenyls 
Tetrachlorobiphenyls 
Pentachlorobiphenyls 
Hexachlorobiphenyls 
Heptachlorobiphenyls 
Octachlorobiphenyls 
Nonachlorobiphenyls 
Decachlorobiphenyl 
Total PCB Homologs 

KCEL SOP# 705/783 SW 846 3540C; EPA 
680 SIM 
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Analyte Group Analyte List KCEL References Standard Method 

PBDEs (GC/MS) 

TriBDE-17 
TriBDE-28, 33 
TetraBDE-47 
TetraBDE-66 
TetraBDE-71 
PentaBDE-85 
PentaBDE-99 
PentaBDE-100 
HexaBDE-138 
HexaBDE-153 
HexaBDE-154 
HeptaBDE-183 
HeptaBDE-190 
DecaBDE-209 

KCEL SOP# 781 NA 

PFAS (LC-MS/MS) L-PFOS 
PFOA 

Per- and polyfluoroalkyl 
substances (PFAS) 
Extraction and Cleanup 
by Sonication and Solid 
Phase Extraction 
(Tissues) 

SOP# to be assigned 

GC/ECD – gas chromatography with electron capture detector  
GC/MS – gas chromatography mass spectrometry 
LC-MS/MS - liquid chromatography and dual mass spectrometer (MS) 
SOP - Standard Operating Procedure 
 
 

 Priorities for Analyte Groups 

Group WRIA 7 
Priority 

WRIA 8 
Priority 

Lipids/Solids 1 1 
PCB homologues 4 2 
PBDE homologues 2 3 
Pesticides 3 6 
Mercury 5 5 
PFAS 6 4 
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3.0 SAMPLING PROCEDURES 
This section describes the sampling procedures to be followed over the course of all 
sampling events to meet monitoring DQOs: representativeness, comparability, and 
completeness. Sample handling, storage and preparation will generally follow EPA (2000) 
guidance. 

3.1 Sample Collection and Permits 
The project manager will ensure that a scientific collection permit is obtained from WDFW 
before sampling begins and a copy of the permit is present with the sampling crew. King 
County fisheries biologists Dan Lantz, Josh Kubo, or Chris Gregersen will lead the sampling 
efforts depending on the date and WRIA area. As previously discussed, sampling will occur 
primarily using King County-owned electrofishing gear (backpack or cataraft) or dip nets 
(at ADAP locations), but if necessary multiple methods may be necessary to ensure a 
sufficient number of samples are collected. Due to the current COVID-19 pandemic, all 
sampling staff will maintain proper social distancing, wear masks, and follow any other 
necessary safety protocols during sampling periods. In addition, one staff member will take 
the role of safety lead during sampling. 
 
Fish collected from streams via electrofisher will be carefully removed from electrical field 
using dip-nets and placed in buckets or coolers with cool water and out of direct sunlight to 
minimize stress and loss of scales or slime. Fish collected using other methods such as 
minnow traps or dip nets will also be placed in buckets or coolers of water where they will 
be monitored and held until processed.  
 
All fish collected will be identified to species and all salmonids will be examined and, when 
possible, scanned using a coded wire tag wand to determine if they are of hatchery or 
natural origin. Any salmonid collected that is determined to be of hatchery origin will be 
released back to where they were collected, and only natural origin salmonids will be 
retained for analysis. Any fish that are not scanned for a tag in the field will be identified on 
the Field Record Sheet (Appendix B) for scanning later at the KCEL. Fish with lesions, 
tumors or other visible health problems may be kept as samples and their condition 
recorded in the field notes. 

3.2 Field Sampling Equipment 
Field equipment necessary for sampling is identified below. The field lead will check that 
all equipment is included and in working order each day before sampling personnel go in 
the field.  

1) Sampling supplies: 

a) Electrofishing backpack or minnow traps 

b) Coded Wire Tag Wand (when available) 

c) 5-gallon buckets  
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d) Coolers 

e) Ice 

f) Wide-mouth polypropylene bottles 

g) Re-sealable plastic bags 

h) Nitrile gloves (optional) 

i) Scientific Collection Permit 

j) Dip-nets 

k) Measuring board 

l) Scale (0.00 g) 

2) Safety equipment: 

a) Rain gear 

b) Cellular phone 

c) First aid kit 

d) COVID-19 supplies: mask, gloves, hand sanitizer, etc. 

3) Documentation supplies: 

a) Field notebook 

b) Field Record Sheet (Appendix B) – printed on Rite-in-the-Rain® paper  

c) Inside Bag Labels (Appendix C) – printed on regular paper and divided 

d) Pencils and/or ballpoint pens 

e) Camera (on mobile phone or separate) 

3.3 Sample Delivery and Storage 
All fish retained for analysis will be placed in large plastic bags, put into sealed wide-mouth 
polypropylene bottles (to keep water out), and placed in ice-filled coolers until delivery to 
KCEL, on the same day that they were collected. Only fish collected from a single location 
will be included in each bag. Before delivery to KCEL,  all fish will be double-bagged and an 
Inside Bag Label (Appendix C) will be placed between the two bags. Inside Bag Labels will 
be printed on regular paper and filled out (in pencil or with a ballpoint pen) with the 
following information: 

• Date 
• Location 
• Number of fish 
• Species  
• Collector initials 
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Each day at each sample location, the field biologist(s) will record the date, time, 
equipment used, and coordinates of collection on the Field Record Sheet (Appendix B). In 
addition, the following will be recorded: the sample location, number of fish taken, number 
returned, sizes encountered (fork length), and any field notes.  
 
Samples must be kept refrigerated until frozen; freezing must occur within 24 hours of 
collection. At the end of each sampling day, bagged, iced fish will be transported as soon as 
possible to KCEL. The tissue samples will be stored frozen at -20 °C. At a later date, the 
samples will be thawed and processed (Section 3.4). Processed samples will also be stored 
frozen at -20°C until analysis. 

3.4 Whole-body Composite Sample Preparation 
and Decontamination 

Fish will be processed when space is available at KCEL. Processing will include the 
following steps: thaw fish completely, then weigh, measure, sort fish into composites, and 
package whole-body composite samples for freezer storage. The mass and fork length of 
each individual fish will be recorded on the Sample Processing and Compositing Sheet 
(Appendix D). Individuals from the same location will be randomly sorted into composite 
groups of fish. The number of individual fish for each sample will be determined based on 
the total mass necessary for analysis and QC samples (see Table 2 for estimates). An extra 
10% will be added to the minimum analytical mass to account for loss during 
homogenization. All composite samples will be assigned a unique LIMS Sample ID number. 
Any questions that arise regarding compositing should be directed to the project manager 
before a final decision is made. All composites of fish will be stored at -20°C until 
homogenization. 
 
At the end of a day, if less than the required number of individuals remain to make a 
composite from a location’s catch, the remaining individuals will be placed inside two 
nested Ziploc bags (one species per double bag), labeled and placed in temporary freezer 
storage for potential use in whole body composites the next sampling day.  
 
The following steps will be used to decontaminate all surfaces (e.g., measuring boards) 
used in fish processing. Materials for measuring and sampling may be ceramic, stainless 
steel, or PTFE (Teflon). 

1. Wash with a commercial laboratory detergent, 
2. Rinse with acetone which should remove the water, 
3. Air dry in hood (acetone evaporates quickly). 

3.5 Whole-body Composite Sample 
Homogenization 

Homogenization of whole-body composite samples will occur after samples have been 
frozen at -20° C. Whole-body samples will be processed by KCEL staff with assistance from 
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the project manager or his/her delegate. The homogenization process will follow KCEL 
Standard Operating Procedure (SOP) # 106v1. Preparation of whole-body samples shall 
follow these general steps: 

1. Knives should be detergent washed, acetone or isopropyl alcohol rinsed, and air 
dried. 

2. Homogenize all fish in one sample together several times to ensure they are well 
mixed. 

3. Divide mixture into appropriate sample containers. 
4. Wash the meat grinder with Alconox detergent and a nylon brush between samples. 

Rinse meat grinder with copious amounts of DI water and air dry. Extract chunks of 
tissue before washing. 

3.6 Chain of Custody 
Chain-of-custody (COC) will commence at the time that each batch of fish is collected. All 
samples will be under direct possession and control of King County field staff. All sample 
information will be recorded at delivery on the COC portion of the Field Record Sheet 
(Appendix B). Upon arrival at the KCEL, the samples will be relinquished to sample login. 
The date and time of sample delivery will be recorded and both parties will then sign off in 
the COC section of the Field Record Sheet (Appendix B). Field Record Sheets, with the 
requisite COC information, will be archived in the project file. After fish processing occurs 
and Sample IDs have been assigned, samples will be logged into the KCEL LIMS. 

3.7 Sample Documentation 
Sampling information and sample metadata will be documented using the methods noted 
below. 
  
Field Record Sheets (Appendix B) will be used at all stations and will include the following 
information: 

1. Date and time of collection  
2. Stream/river/lake name 
3. Sample method and effort time 
4. Water temperature and conductivity 
5. Weather 
6. Starting and ending coordinates 
7. Fish number 
8. Fork length  
9. Sample location 
10. Notes (per fish and/or for the whole effort) 
11. Field personnel 
12. Chain-of-custody 
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Sample Processing and Compositing Sheets (see Appendix D) will be completed for each 
sample and will include the following information:  

1. Date of collection 
2. Stream/river/lake name 
3. Locator ID 
4. Fish number 
5. LIMS Sample ID (i.e. composite ID) 
6. Fork length 
7. Whole body mass 
8. Comment 
9. Total composite sample mass before homogenization 
10. Notes 
11. Personnel 

 
LIMS-generated container labels will identify each container with the unique Sample ID 
(composite) number, sample location names, collection date, analyses required, and 
preservation method. 

3.8 Field Replicates 
Field replicates are intended to show within-station variability. For fish samples, each 
organism at a station is inherently different (e.g., age, size, diet) so no individuals would be 
expected to have exactly the same tissue chemistry. It is anticipated that multiple replicate 
composites of fish from each location will address the expected field and analytical 
variability and develop a more robust metric of their mean contaminant concentrations. 
The amount of contamination from equipment or sample exposure during transport to the 
laboratory is relatively insignificant compared to the concentrations measured in tissue. 

3.9 Sample Holding Times 
Once received, coho will be frozen at KCEL until processed. After all samples have been 
collected, stored fish will be thawed, measured, weighed, organized into composites, and 
homogenized in preparation for analysis. After processing, the holding times in Table 6 
apply to the homogenized samples. 
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 List of Sample Containers, Storage Conditions, and Analytical Hold Times 

Analyte Container 

Preferred Minimum 
Preferred 
Storage 

Conditions 
Hold Time if 

Stored Frozen 
Acceptable 

Storage 
Conditions 

Hold Time if 
Refrigerated 

Total solids 4-oz. PP or 
glass 

freeze at  
≤-18°C 

6 months to 
analyze 

refrigerate at  
4°C 

14 days to 
analyze 

Lipids 16-oz. glass freeze at  
≤-18°C 

1 year to extract, 
analyze 

immediately after 
extraction 

refrigerate at  
4°C 

14 days to 
extract, 
analyze 

immediately 
after extraction 

Mercury 
(CVAA) 

4-oz. CWM 
PP 

container 

freeze at  
≤-18°C 

28 days to 
analyze 

refrigerate at 
4°C 

28 days to 
analyze 

Pesticides 16-oz. glass freeze at  
≤-18°C 

1 year to extract, 
1 year to analyze 
(if extracts stored 

at ≤-18°C) 

refrigerate at  
4°C 

14 days to 
extract 

40 days to 
analyze 

PCB 
Homologs  16-oz. glass freeze at  

≤-18°C 

1 year to extract, 
1 year to analyze 
(if extracts stored 

at ≤-18°C) 

refrigerate at  
4°C 

14 days to 
extract 

40 days to 
analyze 

PBDE 
Homologs 16-oz. glass freeze at  

≤-18°C 

1 year to extract, 
1 year to analyze 
(if extracts stored 

at ≤-18°C) 

refrigerate at  
4°C 

14 days to 
extract 

40 days to 
analyze 

PFAS PP vials and 
caps 

freeze at  
≤-18°C 

1 year to extract, 
1 year to analyze 
(if extracts stored 

at ≤-18°C) 

refrigerate at  
4°C 

14 days to 
extract 

40 days to 
analyze 

PP – polypropylene 
CWM – Clear, wide-mouth 
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4.0 ANALYTICAL METHODS, DETECTION 
LIMITS AND QUALITY CONTROL 

Analytical methods for conventional parameters, mercury, PCBs, PBDEs, chlorinated 
pesticides, and PFAS are presented in this section, along with analyte-specific detection 
limits. The method detection limit (MDL) is defined as the minimum concentration of a 
chemical constituent that can be reliably determined with 99% confidence to be greater than 
zero (40 CFR Part 136.2), while the reporting detection limit (RDL) is defined as the 
minimum concentration of a chemical constituent that can be reliably quantified (also known 
as the practical quantitation limit) within specified limits of precision and accuracy during 
routine laboratory operating conditions (50 FR 46906, November 13, 1985).  

4.1 Conventional Parameters 
Analysis of total solids will be conducted by the KCEL Conventionals Unit and will follow 
KCEL SOP # 307. The MDL is 0.005% and the RDL is 0.01% in non-aqueous samples. Total 
solids will be analyzed according to SM2540-G. Quality control samples for total solids will 
include method blanks and laboratory triplicates. 
 
Lipid analysis will be conducted following KCEL draft SOP # 740v1 by the KCEL Trace 
Organics Unit. Samples are extracted by the same method used for pesticide analysis. The 
MDL and RDL for lipids are 0.05 and 0.1 %, respectively. 
 
Conventional QC samples will be analyzed at the frequency of one per QC batch, defined as 
up to 20 samples analyzed together. 

4.2 Total Mercury 
Total mercury will be analyzed according to KCEL SOP # 6048 using cold vapor atomic 
absorption spectrometry (CVAA). The low-range detection limits should be appropriate for 
this analysis based on historical data for this species. This method retains elements of EPA 
245.1 revision 3, SW-846 7470, 7471B and PSEP (1997). Tissue samples require acid 
digestion before analysis. The following detection limits will be targeted and are calculated 
on a wet weight basis (Table 7). 
 

 Mercury Detection Limits (mg/Kg) by CVAA  

Analyte / Range MDL RDL 
Mercury/Low-Range 0.0004 0.0016 

 
Every effort will be made to report detectable mercury values. It may be necessary to dilute 
samples to get them into calibration range, in which case the MDL and RDL will increase by 
the dilution factor. 
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4.3 PCB homologs 
All samples will be analyzed for PCB Homologs by KCEL draft SOP #782 which generally 
follows the guidelines of EPA methods 680 and 1668C. This method relies on the 
quantitation of congeners using gas chromatography/mass spectrometry-selected ion 
monitoring (GC/MS-SIM). This low‐resolution method will generate PCB concentrations 
based on each of the 10 homolog groups. These are listed with their associated MDLs/RDLs 
for tissue samples in Table 8.  
 
The MDL and RDL for analytes requiring dilution (e.g., exceedance of analyte calibration 
range or matrix interferences) will be increased to reflect the dilution. 
 

 PCB Homolog Detection Limit Goals by GC/MS (µg/Kg) 

Homolog Group Wet Weight 
MDL 

Wet Weight 
RDL 

Monochlorobiphenyls 0.04 0.083 
Dichlorobiphenyls 0.04 0.083 
Trichlorobiphenyls 0.04 0.083 

Tetrachlorobiphenyls 0.04 0.167 
Pentachlorobiphenyls 0.08 0.167 
Hexachlorobiphenyls 0.09 0.167 
Heptachlorobiphenyls 0.08 0.25 
Octachlorobiphenyls 0.11 0.25 
Nonachlorobiphenyls 0.11 0.25 
Decachlorobiphenyls 0.12 0.25 

 

4.4 PBDE congeners 
PBDE analysis will be performed according to EPA method 8270D NCI (SW 846), which 
employs analysis by GC/MS in NCI (negative chemical ionization) SIM mode, KCEL SOP 
#781. Sample preparation is described in KCEL SOP# 705 for soils, tissue, and sediments. 
The preparation method used is a soxhlet technique following EPA method SW846-3540C 
using methylene chloride as the extraction solvent. PBDEs will be co-extracted with 
chlorinated pesticides and percent lipids. 
 
The PBDE MDLs and RDLs are presented on a wet weight basis and are based on a 15 g 
extraction with GPC and concentration to a final volume of 2.0 mL (Table 9). The MDL and 
RDL for specific analytes requiring dilution (e.g., exceedance of analyte calibration range or 
matrix interferences) will be increased to reflect the dilution. 
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 PBDE Target Analytes and Detection Limit Goals for EPA Methods 3540B/8270D NCI 
(SW 846) (µg/Kg ww)  

Analyte MDL RDL Analyte MDL RDL 

PBDE-17 0.03 0.053 PBDE-100 0.07 0.15 
PBDE-28/-33 0.03 0.053 PBDE-138 0.03 0.053 

PBDE-47 0.24 0.48 PBDE-153 0.03 0.053 
PBDE-66 0.04 0.077 PBDE-154 0.03 0.059 
PBDE-71 0.03 0.053 PBDE-183 0.03 0.053 
PBDE-85 0.03 0.053 PBDE-190 0.03 0.053 
PBDE-99 0.45 0.91 PBDE-209 0.33 0.67 

4.5 Pesticides 
Pesticides will be analyzed under KCEL SOP #733 following EPA Solid Waste Method 
SW846-8081A by GC/ECD. Sample preparation is described SOP #705 for soils, tissue, and 
sediments. The preparation method uses a soxhlet technique following EPA method 
SW846-3540C and methylene chloride as the extraction solvent (samples analyzed for 
percent lipids, PBDEs, and pesticides are processed in one extraction). Before cleanups are 
performed, half of the extract will be set aside for lipid analysis. Gel permeation cleanup 
(GPC) and Alumina cleanups will be performed on the remaining half per KCEL SOP #718 
and 719 respectively. Half of this remaining extract will be used for pesticide analysis and 
the remaining half will have TBA and Acid cleanups performed per KCEL SOP #721 and 
720 respectively for PBDEs. Following cleanup, separate extracts will be vialed at 0.5 mL 
for PBDEs and pesticides analyses.  
 
The detection limit goals are presented in Table 10. MDLs/RDLs are calculated on a wet 
weight basis using 15 g of sample to 2 mL final volume, not corrected for lipid content or 
total solids. The MDLs and RDLs for specific analytes requiring dilution (e.g., exceedance of 
analyte calibration range or matrix interferences) will be increased to reflect the dilution. 

 Pesticide Target Analytes and Detection Limit Goals in µg/Kg ww. 

Parameter MDL RDL 

Alpha-BHC 0.7 1.33 
Beta-BHC 0.7 1.33 
Delta-BHC 0.7 1.33 
Gamma-BHC (Lindane) 0.7 1.33 
Heptachlor 0.7 1.33 
Aldrin 0.7 1.33 
Heptachlor Epoxide 0.7 1.33 
Endosulfan I 0.7 1.33 
Dieldrin 0.7 1.33 
4,4'-DDE 0.7 1.33 
Endrin 0.7 1.33 
Endrin Ketone 0.7 1.33 
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Parameter MDL RDL 

Endosulfan II 0.7 1.33 
4,4'-DDD 0.7 1.33 
Endrin Aldehyde 0.7 1.33 
Endosulfan Sulfate 0.7 1.33 
4,4'-DDT 0.7 1.33 
Methoxychlor 3.3 6.66 
trans-Chlordane 0.7 1.33 
Alpha-Chlordane 0.7 1.33 
Toxaphene 13.33 66.65 

4.6 PFAS 
Sample preparation for PFAS analysis includes extraction with sodium hydroxide, drying, 
and methylene chloride extraction (Per- and polyfluoroalkyl substances [PFAS] Extraction 
and Cleanup by Sonication and Solid Phase Extraction of Tissues SOP -# unassigned). This 
is a liquid chromatography (LC) and dual mass spectrometer (MS) (LC-MS/MS) method by 
isotope dilution. A method Standard Operating Procedure (SOP) has been developed and is 
under review. PFAS analysis by KCEL will require the collection of an additional 15-30 
grams of muscle tissue. 
 
The detection limit goals are presented in Table 11. LLOQs are calculated on a wet weight 
basis using 15 g of sample to 2 mL final volume, not corrected for lipid content or total 
solids. 
 

 PFAS target analytes and Lower Limits of Quantitation (LLOQ) 
Compound LLOQ (ug/kg) 

L-PFOS 50 
PFOA 50 

 

4.7 Laboratory Quality Control 
All samples for this project will be run in one analytical batch (20 samples); therefore, only 
one set of QC samples will be run for each analysis. Laboratory QC samples include method 
blanks, laboratory replicates, matrix spikes, spike blanks, and standard reference materials 
when available. The laboratory QC sample requirements for each analysis are summarized 
in Table 12. The recommended QC limits for tissue analysis are summarized in Table 13. 
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 Minimum QC Samples by Analysis  

Parameter Blank a Duplicate b Matrix Spike SRM c Surrogates Spiked 
Blank 

Total Solids 1 Per Batch 1 Per Batch No No No No 

Total Lipids 1 Per Batch 1 Per 10 
Samples No No No No 

Mercury 1 Per Batch 1 Per Batch d 1 Per Batch Yes No 1 Per Batch 

Pesticides 1 Per Batch No 2 Per Batch e 
(MS/MSD) Yes Yes 1 Per Batch 

PCB Homologs 1 Per Batch No 2 Per Batch e 
(MS/MSD) No Yes 1 Per Batch 

PBDEs 1 Per Batch No 2 Per Batch e 
(MS/MSD Yes Yes 1 Per Batch 

PFAS 1 Per Batch No 2 Per Batch e 
(MS/MSD No Yes 1 Per Batch 

a Batch – A group of samples analyzed together for QC purposes containing a maximum of 20 samples. 
b Duplicate – Triplicate analysis for all conventional parameters, duplicate analysis for metal and organic parameters.  
c SRM – Standard reference material (must be certified by NIST or NRCC). 
d Mercury samples are analyzed with a MS/MSD. 
e MS/MSD – matrix spike/matrix spike duplicate; analyzed if sample volume allows, otherwise a spiked blank 
duplicate will be analyzed. 

 Recommended Chemistry QC Limits for Tissue Samples 

Parameter Blank a RPD b Matrix Spike c SRM d Surrogates Spiked Blank 

Total Solids < MDL ≤ 20% N/A N/A N/A N/A 

Total Lipids < MDL < 20% N/A N/A N/A N/A 

Mercury < MDL ≤ 20% 75 - 125% 80 to 
120% N/A 85 to 115% 

Pesticides <MDL ≤ 35% Lab Derived 
QC Limits 

50 to 
150% 

Lab Derived 
QC Limits 

Lab Derived 
QC Limits 

PCB Homologs < MDL < 35% Lab Derived 
QC Limits N/A Lab Derived 

QC Limits 
Lab Derived 
QC Limits 

PBDEs <MDL ≤ 40% Lab Derived 
QC Limits 

50 to 
150% 

Lab Derived 
QC Limits 

Lab Derived 
QC Limits 

PFAS <MDL ≤ 40% 20 - 150 NA 20 - 150 20 - 150 

a Concentration of all analytes should be < MDL. 
b Relative percent difference (RPD) for duplicate analysis and percent relative standard deviation (%RSD) for 
triplicate analysis. 
c Percent recovery for matrix spike, standard reference material, and surrogates. 
d If SRM is available. 
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5.0 DATA ASSESSMENT, REPORTING 
AND RECORD KEEPING 

KCEL will conduct a standard data assessment. Full documentation will also be maintained 
on record should a more detailed review be necessary. 

5.1 Data Assessment 
Data assessment is critical to evaluate how well analytical data meet project DQOs. Data 
assessment is performed, at some level, during several steps in the process of sample 
analysis. Data assessment will also be performed by the KCEL QA Officer for this program 
by reviewing complete data packages supplied by the KCEL. Data assessment memoranda 
will be produced and maintained along with the analytical data as part of the project 
records.  

5.2 Reporting 
All data and supporting information will be available for review upon request. Analytical 
data reports may be requested, either in hard copy or electronic formats, in Microsoft Excel 
spreadsheets. Data assessment memoranda will be available, either hard copy or 
electronically, in Microsoft Word format. All other project information will be available for 
review in hard copy only. 

5.3 Record Keeping 
All hard-copy field sampling records, custody documents, raw lab data, and laboratory 
summaries and narratives will be archived according to KCEL policy for a minimum of 10 
years from the date samples were collected. Analytical data produced by KCEL will be 
maintained on its LIMS database in perpetuity. 
 



2020 Juvenile Coho Tissue Monitoring Sampling and Analysis Plan 

King County Science and Technical Support Section  34 July 2020 

6.0 REFERENCES 
EPA. 2000. Guidance for assessing chemical contaminant data for use in fish advisories. 

EPA No. 823-B-00-007. U.S. Environmental Protection Agency, Office of Water. 
Washington, D.C. 

Feist, B.E., Buhle, E.R., Baldwin, D.H., Spromberg, J.A., Damm, S.E., Davis, J.W. and Scholz, N.L. 
2017. Roads to ruin: conservation threats to a sentinel species across an urban 
gradient. Ecol Appl, 27: 2382-2396. doi:10.1002/eap.1615 

King County. 2018. An Evaluation of Potential Impacts of Chemical Contaminants to 
Chinook Salmon in the Green-Duwamish Watershed. Prepared by Jenée Colton, 
Water and Land Resources Division. Seattle, Washington for the WRIA 9 Watershed 
Ecosystem Forum. 

Meador, J.P. 2013. Do chemically contaminated river estuaries in Puget Sound (Washington, 
USA) affect the survival rate of hatchery-reared Chinook salmon? Canadian Journal 
of Fisheries and Aquatic Sciences, 2014, 71(1): 162-180, 
https://doi.org/10.1139/cjfas-2013-0130  

PSEP. 1997. Recommended Guidelines for Sampling Marine Sediment, Water Column, and 
Tissue in Puget Sound. Prepared for US EPA and Puget Sound Water Quality Action 
Team by King County Water Pollution Control Division Environmental Laboratory 
(METRO Environmental Laboratory), under contract with the Puget Sound Water 
Quality Authority (PSWQA).  

Scholz, N.L., Myers, M.S., McCarthy, S.G., Labenia, J.S., McIntyre, J.K., et al. 2011. Recurrent 
Die-Offs of Adult Coho Salmon Returning to Spawn in Puget Sound Lowland Urban 
Streams. PLoS ONE 6(12): e28013. doi:10.1371/journal.pone.0028013 

 

https://doi.org/10.1139/cjfas-2013-0130


2020 Juvenile Coho Tissue Monitoring Sampling and Analysis Plan 

King County Science and Technical Support Section  A-1 July 2020 

Appendix A: Alternate Target Sampling Locations 

s 
Figure 12. Patterson Creek and Harris Creek target sample areas (WRIA 7); alternates for Ames 

Creek. 
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Figure 13. Tuck Creek target sample area (WRIA 7); alternate for Raging River. 

 
Figure 14. Rasmussen Creek target sample areas (WRIA 7); alternate for Adair Creek. 
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Appendix B: Field Record Sheet 
(see next page) 
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Field Record Sheet - 2020 Juvenile Coho Tissue Monitoring Event 
 

Date of Collection:      ________________________  Approximate Time:    ______________________________ 
Stream/River/Lake: ________________________________________________________________________________ 
Sample Method: ________________________  Effort Time (e.g. efish seconds): __________________ 
(e.g. efishing by backpack or boat, gill-net, seine, minnow trap, other – indicate in notes) 
Water Temperature: ________________________   
Weather:  _______________________________________________ 
Starting Coordinates: ________________________  Ending Coordinates:  __________________________ 
 

Fish # Fork Length 
(mm) Sample Location Notes 

1    
2    
3    
4    
5    
6    
7    
8    
9    

10    
11    
12    
13    
14    
15    
16    
17    
18    
19    
20    
21    
22    
23    
24    
25    
26    
27    
28    
29    
30    
31    



2020 Juvenile Coho Tissue Monitoring Sampling and Analysis Plan 

King County Science and Technical Support Section  B-3 July 2020 

Fish # Fork Length 
(mm) Sample Location Notes 

32    
33    
34    
35    
36    
37    
38    
39    
40    
41    
42    
43    
44    
45    
46    
47    
48    
49    
50    
51    
52    
53    
54    
55    
56    

 
Notes:________________________________________________________________________________________________
________________________________________________________________________________________________________
________________________________________________________________________________________________________ 
________________________________________________________________________________________________________ 
 
Field Personnel: __________________________________________________ 
 

 
 
Chain of Custody: 
 
Relinquished By: _____________________________ _____________________________ Date: __________ 
   Print Name    Signature 
 
Accepted By:        _____________________________ _____________________________ Date: __________ 
   Print Name    Signature
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Appendix C: Inside Bag Labels 
(see next page) 
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Date: 
 
Location: 
 
 
Number of fish: 
 
Species:  
 
Collector initials: 

 

 Date: 
 
Location: 
 
 
Number of fish: 
 
Species:  
 
Collector initials: 

 

Date: 
 
Location: 
 
 
Number of fish: 
 
Species:  
 
Collector initials: 

 

 Date: 
 
Location: 
 
 
Number of fish: 
 
Species:  
 
Collector initials: 

 

Date: 
 
Location: 
 
 
Number of fish: 
 
Species:  
 
Collector initials: 

 

 Date: 
 
Location: 
 
 
Number of fish: 
 
Species:  
 
Collector initials: 
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Appendix D: Sample Processing and 
Compositing Sheets 

(see next page) 
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Laboratory Sample Processing and Compositing Sheet  
2020 Juvenile Coho Tissue Monitoring 

 
Date of Collection:      ____________________________________________ 
Stream/River/Lake: ____________________________________________ 
Locator ID:                ____________________________________________ 
 

Fish 
# 

LIMS Sample ID 
(composite) 

Fork Length 
(mm) 

Whole-body 
Mass (g) Comment 

1     
2     
3     
4     
5     
6     
7     
8     
9     

10     
11     
12     
13     
14     
15     
16     
17     
18     
19     
20     
21     
22     
23     
24     
25     
26     
27     
28     
29     
30     
31     
32     
33     
34     
35     
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Fish 
# 

LIMS Sample ID 
(composite) 

Fork Length 
(mm) 

Whole-body 
Mass (g) Comment 

36     
37     
38     
39     
40     
41     
42     
43     
44     
45     
46     
47     
48     
49     
50     
51     
52     
53     
54     
55     
56     
57     
58     
59     
60     
61     
62     
63     
64     
65     

 
Composite sample mass               Composite# ________________________  Mass: __________________ 
before homogenization (g):         Composite# ________________________  Mass: __________________ 

         Composite# ________________________  Mass: __________________ 
 

Notes:________________________________________________________________________________________________
________________________________________________________________________________________________________
________________________________________________________________________________________________________ 
 
Personnel: _______________________________________________________________ 
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