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1.0 INTRODUCTION 
This sampling and analysis plan (SAP) presents project information and sampling and 
analytical methodologies to evaluate the relative magnitude of certain chemicals in the 
combined sewer system leading to the Duwamish River or other local waterbodies in 
Seattle, Washington. This SAP focuses on sampling solids captured by in-line sediment 
traps as well as grab samples of solids from within combined sewer structures. This SAP is 
being updated from the 2011 version (King County, 2011) to account for modifications in 
analytical methods or procedures and to broaden the scope to include source tracing in any 
combined sewer system of interest within the drainage basins to King County combine 
sewer overflows (CSOs). Figures referenced in the text follow Section 7, References. 

1.1 Project Background 
This SAP documents the field and laboratory activities associated with source tracing 
samples collected in CSO basins of the Lower Duwamish Waterway (LDW), East Waterway 
(EW), or other local waterbodies in the Seattle, Washington area.  This work supports King 
County source control investigations related to the LDW and EW Superfund sites1 but can 
be used to support source tracing activities for any combined sewer drainage to King 
County CSOs. In support of the Superfund sites, King County will perform this work to help 
identify sources of chemicals of potential concern and as a line of evidence to be used in 
evaluating whether these chemicals are present in sufficient amounts to potentially 
recontaminate sediments in the LDW or EW.  
 
The Duwamish River originates at the confluence of the Green and Black Rivers near 
Tukwila, Washington, and flows northwest for approximately 19 km (12 mi), splitting at 
the southern end of Harbor Island to form the East and West Waterways, prior to 
discharging into Elliott Bay, in Puget Sound, Seattle, Washington. The LDW is about 5 miles 
long and consists of the downstream portion of the Duwamish River, excluding the East 
and West Waterways. King County has eight CSOs and two emergency overflows that 
discharge into the LDW and two CSOs that discharge to EW. These CSOs and their 
associated drainage basins are shown on Figure 1.  
 
King County Wastewater Treatment Division (WTD) needs to better understand the 
current levels of certain chemicals and conventional parameters at CSO basins in the LDW 
and EW. King County completed sampling of CSO whole water at various CSOs in the 
Duwamish River Basin (King County, 2009). The CSO solids data collected under this SAP 
will assist in source tracing activities in LDW and EW combined sewer basins that can drain 
to King County CSOs (Figure 1) and in understanding if CSO discharges could lead to 
recontamination of sediments following any designated remediation in the LDW or EW 
identified by the US Environmental Protection Agency (EPA). 
 

 
1 The LDW was added to EPA’s National Priorities List (also known as Superfund) on September 13, 2001.  
The LDW was added to Ecology’s Hazardous Sites List on February 26, 2002. The EW is one of eight operable 
units of the Harbor Island Superfund Site, which was added to EPA’s National Priorities List in 1983. 
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1.2 Scope of Work 
The scope of source characterization and tracing of chemicals in the combined sewer basin 
involves collection and analysis of solid (i.e., sediment) samples from pipes, wet wells or 
outfall weir structures located within the combined sewer collection system. Generally, the 
combined sewer basins of uncontrolled King County owned CSOs with discharges to the 
LDW or EW will be prioritized for sampling (e.g., Brandon, South Michigan, West Michigan, 
Hanford #2, Lander CSO basins) but other basins with controlled King County owned CSOs 
(e.g., 8th Ave South, Hanford #1) may be sampled as well. Future sampling of other CSO 
basins could occur and this SAP will support that work. While the City of Seattle owns the 
side-sewer lines, King County owns and operates the Hanford and Lander trunk lines, 
regulator stations that discharge flows into the Elliott Bay Interceptor, and CSO outfall 
structures downstream from the regulator stations. Sampling includes methods for 
collecting both in-line solid grab samples and sediment trap samples. Samples will be 
analyzed for select metals (including mercury), select organic compounds, percent solids, 
particle size distribution, and total organic carbon, depending on sample mass/volume. 
Where sample mass allows, a sample will also be archived for potential future analyses, 
such as dioxin/furans. 

1.3 Sampling Schedule 
Sampling for in-line solids grabs and sediment trap samples occurs during dry weather so 
that only sewer baseflows are present in the lines. This reduces the risks to field staff by 
having lower flows present in the lines. Therefore, most sampling will occur during the 
summer months. When needed, field reconnaissance for sample collection will occur first. 
Typically, sediment traps are left in pipes for 9-12 months to allow adequate time for 
sufficient suspended solids to be captured for analysis. Each year one or two combined 
sewer basins within the LDW are targeted for sample collection; the two combined sewer 
basins within EW are targeted for sampling every few years. Additional sampling may 
occur as information or data becomes available suggesting a need to further characterize a 
CSO basin. It is anticipated data from all sampling events will be validated, reviewed, and 
ready for release by the last quarter of the year collected. 

1.4 Project Staff 
The following staff members are responsible for project execution: 
 
Jeff Stern, Sediment Management Program Lead  206-477-5479 
Provides technical advice and overall project oversight 
 
Debra Williston, Study Project Manager 206-477-4850 
Responsible for study project execution, adherence to SAP,  
and schedule; King County LDW source control implantation plan coordinator and EW 
source control lead 
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Bruce Tiffany, Industrial Waste LDW Project Lead  206-477-5441 
Provides technical advice on the project; King County  
representative on the LDW Source Control Work Group. 
 
Arnaud Girard, Industrial Waste EW Project Lead 206-477-5440 
Provides technical advice on the project 
 
David Robinson, Field Science Unit Field Lead 206-477-7150 
Responsible for sample collection. 
 
Erin McCabe, King County Environmental Laboratory Project Manager 206-477-7205 
Manages sample analysis, sample shipment, and data delivery 
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2.0 SAMPLING DESIGN 
The goal of this sampling is to collect representative samples that reflect chemical 
concentrations found in solids (sediments) within combined sewer basins that discharge to 
the LDW and EW. Another goal is to further refine or identify potential sources of chemicals 
of concern within the combined system to assist in source control actions for the LDW and 
EW Superfund sites. 

2.1 Data Quality Objectives 
The data quality objectives (DQOs) are to collect data of known and sufficient quality to 
meet the goal of this study. Validation of project data will assess whether the data collected 
are of sufficient quality to meet the study goals. The data quality issues of precision, 
accuracy, bias, representativeness, completeness, comparability, and sensitivity are 
described in the following sections. 

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 estimated by one or more of the following quality control (QC) 
procedures: 

• analysis of various laboratory QC samples such as blanks, surrogates, and 
duplicates; 

• collection and analysis of field replicate samples. 
 
Because this project is a survey, and combined sewers are suspected to be variable in their 
flow rates, industrial discharges and stormwater inputs, precision is expected to be low. 
Precision of replicates will be compared to previous in-line grab and sediment trap results 
to evaluate data from this study. 
 
Accuracy will be quantified using standard reference materials (SRMs) or laboratory 
control samples (LCS) where these materials are available for an applicable matrix. In all 
other cases, accuracy will be evaluated using spike blanks and/or matrix spike/matrix 
spike duplicates. Since this study intends to track potential sources to combined sewers, 
and possible sources vary in both time and space, analytical bias only needs to be 
quantified relative to other in-line or trap samples. 

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 
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environmental condition. Solid samples will be collected from locations within the 
combined sewer system by two different methods to represent the solids fraction conveyed 
by the system to represent one line of evidence of the solids fraction conveyed by the 
system. The selected locations contain sewage and stormwater that have discharged to the 
combined sewer system in the past under varying rainfall and operating conditions. The 
frequency that these locations actually overflow to the receiving waterbody is variable and 
unpredictable, being primarily dependent on the intensity and duration of storm events. 
These samples are not intended to represent historic conditions in the pipe, rather to 
characterize current conditions within these combined basins through the sampling of 
sediment traps and in-line solid grab samples. Following the guidelines described for 
sampler decontamination, sample acceptability criteria, and sample processing will help 
ensure that samples are representative. 

2.1.3 Completeness 
Completeness is defined as the total number of samples and parameters analyzed for which 
acceptable analytical data are generated, compared to the total number of samples and 
parameters 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 90%. If 90% completeness is not achieved, the project team will evaluate if 
the DQOs can still be met or if additional samples may need to be collected and analyzed. 
Completeness will depend on whether sufficient amounts of sample can be collected. 

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 using standard techniques to 
collect and analyze representative samples, along with standardized data quality review 
and reporting procedures. By following the guidance of this SAP, the goal of comparability 
between this and future sampling events will be achieved. 

2.1.5 Sensitivity 
Sensitivity is a measure of the capability of analytical methods to meet the survey goal. The 
analytical detection limit goals presented in Section 4 should be sufficiently sensitive to 
detect mercury, metals, and other analytes at concentrations of interest to understand the 
magnitude of potential sources to the LDW or EW from the combined sewer system.  

2.2 Sampling and Analytical Strategy 
The source control sampling strategy has been designed to build on existing knowledge of 
the collection system obtained through Industrial Waste and WTD monitoring programs. 
Collection of in-line grabs is dependent on sufficient solids being present in pipes and 
accessibility to manholes (e.g., safely accessed or access is not blocked by construction or 
parked vehicles). Sediment traps will be deployed in accessible CSO conveyance lines or 
structures. To the extent possible, sediment traps will be placed in areas that will capture 
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suspended solids at access points close to an outfall structure or regulator station or after 
multiple conveyance lines have merged. 
 
Both in-line solid grab samples and sediment trap samples will provide data to supplement 
the CSO whole water data and will help with source tracing of chemicals of potential 
concern. Sampling will be continued as deemed necessary based on results of current 
proposed sampling and consideration of the project schedule. Sampling is typically based 
on reconnaissance by King County Industrial Waste or King County Environmental 
Laboratory (KCEL) Field Science Unit (FSU) staff as well as results of previous in-line solid 
grab or sediment traps samples collected. Basins are targeted for sampling with 
uncontrolled CSO discharges to LDW and EW; these include Brandon, South Michigan, 
Terminal 115 and West Michigan outfalls in the LDW and Hanford #2 and Lander CSOs in 
EW. Sampling may also occur in controlled CSO basins within LDW if needed for source 
control sufficiency information. Sample locations including coordinates will be included in 
the source control related reports. 
 
Samples from these systems will be analyzed for a variety of analytes. These can include 
conventional parameters, metals, semi-volatile organic compounds, polychlorinated 
biphenyls (PCBs), and dioxin/furans. Analytes will be chosen based on receiving sediment 
concentrations close to the associated basin’s outfall, previous results from the combined 
system, and available mass of solids collected from a location within the CSO conveyance 
system. In general, all of the analytes except dioxin/furan congeners will be analyzed in 
samples if sufficient mass is available. Dioxin/furans will be limited to a subset of samples. 
When mass is limited, the project manager will be consulted for priority of analytes. The 
analyte priority will consider receiving waterbody sediment conditions close to CSO outfall 
and previous sampling data for that combined sewer basins. There may be situations 
where source tracing is being conducted for a particular analyte(s) and therefore the 
analyses will be limited to the analyte(s) of interest. Wherever sufficient mass is available, 
archive jars will be collected and frozen.  
 
Where possible, one field replicate sample will be collected for every ten in-line solid grab 
samples. Field replicates are not expected for sediment traps because of the limited solid 
mass collected. If sufficient mass were to be collected from a sediment trap, then a field 
replicate could be collected and analyzed. In addition, field replicates for mercury will be 
collected at all locations sampled where sufficient mass is available and mercury is 
prioritized for analysis. Duplicates for mercury will be collected to help evaluate variability 
of mercury, which King County’s laboratory has found to sometimes be very heterogeneous 
in sediment/solid matrices. 

2.2.1 Sampling Station Locations and Sample Identification 
Sample locations will be identified using a unique sample location or locator name. The 
locator name, the date of collection, and the unique sample identification number 
generated by the KCEL will identify individual samples collected at each location. Locations 
targeted for sampling are not specified in this SAP because field reconnaissance is not 
complete; locations have to be confirmed by field staff depending on access and suitable in-
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line solids accumulations. In addition, sample locations may be added over time based on 
the findings of previous sampling results or as new information becomes available 
suggesting a need to further characterize a combined sewer basin. Figure 1 shows 
overview of the King County CSO basin areas in the Duwamish River and Figure 2 shows 
the specific CSO basins. Figure 1 also indicates the locations of CSO outfalls and associated 
structures such as regulator stations and pump stations. Coordinates for locations sampled 
will either be determined by current Geographic Information System information or 
handheld Global Positioning System on site; manhole identifier will also be included in 
sample location descriptions. 

2.2.2 Sample Acquisition and Analytical Parameters 
King County FSU staff will primarily conduct sampling; however, King County WTD 
facilities staff or King County Industrial Waste staff may provide assistance as needed. 
Sampling techniques are discussed in Section 3.  
 
In-line solid grab samples and sediment trap samples will be analyzed for the following, 
where sample mass is sufficient: total organic carbon (TOC), total solids, metals including 
mercury, PCB Aroclors, base-neutral acid (BNA) semi-volatile organic compounds (SVOCs), 
and particle size distribution (PSD). Dioxin/furans will be analyzed in only a subset of 
samples. When sample mass is limited, the study project manager will be consulted for 
prioritization of analytes. When sufficient mass is available, an archive sample will be 
collected. Except for PSD analysis, all samples will be stored frozen. KCEL will conduct all 
chemical and conventional analyses. Dioxin/furans will be analyzed by contract laboratory.  
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3.0 SAMPLING PROCEDURES 
This section describes field procedures that will be utilized to ensure that samples are 
collected in a consistent manner and are representative of the matrix being sampled, and 
the data will be comparable to data collected by other existing and future monitoring 
programs. Procedures are described for collecting solid samples, collecting field quality 
control samples, decontaminating sampling equipment, and recording field measurements 
and conditions. Requirements for sample containers and preservation, sample 
identification, and field quality control procedures are also described. 

3.1 In-Line Solid Grab Sampling Methods 
In-line solid grab samples will be collected using stainless steel beakers and long-handled 
scoops. King County has a specially designed long handled scoop which is required to reach 
down to the bottom of large (e.g., 150-inch diameter, 3.81 m) combined sewer trunk lines 
without exposing staff to confined spaces. The beakers will be decontaminated between 
sampling locations (see Section 3.4). The vented long-handled scoop is illustrated in 
Figure 3. 
 
Samples will be collected from the in-line solids accumulated in conveyance lines. 
Individual aliquots will be collected from at least three scoop dips at a given access point. 
Because wastewater is always present in sewer lines, overlying water collected with the 
solids will be allowed to decant from the sample container. This is accomplished through 
perforations in the sampling container designed specifically to allow wastewater to 
dewater from the solid sample. Once the overlying water has been decanted and returned 
to the sewer line, the solids in the sampling container will be placed in a stainless steel 
bowl. All sample locations will have dedicated stainless steel mixing bowls and spoons that 
will be pre-cleaned at KCEL. Once sufficient sediment has been collected in the stainless 
steel bowl (see Section 3.5 for approximate sample volumes by method); it will be 
thoroughly mixed. Any particles greater than 2 centimeters in size will be removed from 
the sample and returned to the sewer line. After mixing, samples will be placed into pre-
cleaned sample containers provided by KCEL. In the event that the samples cannot be 
sufficiently dewatered in the field, the collected material will be placed in a single pre-
cleaned jar and returned to the lab for decanting, homogenization, and sample splitting. 
Samples will be placed in a cooler and stored on ice until delivered to the analytical 
laboratory. Samples will be analyzed for the parameters outlined in Section 4. Where 
possible, sediment will be archived for potential future analyses. 
 
Nitrile gloves will be worn at all times while collecting the samples. Descriptions of field 
observations (including oil sheens and potential contributing activities) and sample 
characteristics (odor, amount and type of particles being removed, size, description; 
e.g., wood, rocks, color) will be included in field notes recorded during sample collection. 
A digital photo will be taken of the sample while in the stainless steel bowl. 
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3.2 In-Line Sediment Trap Sampling Methods 
Sediment trap samples will be collected in pre-cleaned, one-liter, wide-mouth Teflon® 
containers. Each sediment trap consists of a stainless-steel bracket and housing that holds 
a Teflon® sample container2. Sediment trap brackets will be mounted to the wall of the 
conveyance line above base flows to collect suspended solids associated with combined 
sewer flows (Figure 4 shows the sediment trap bottle-mounting bracket). The degree 
above baseflow will be based on the size of the pipe/structure where trap is being installed.   
 
Sediment traps will be deployed to collect solids over the wet season (approximately 
October through May) to allow for sufficient sample mass to accumulate. For the safety of 
the field staff, traps will likely be deployed and retrieved in summer months when flows 
would be lowest in system. Therefore, the sediment trap bottles will likely be in-place for 
10-12 months. If there is sufficient room in the pipe, two traps will be installed per location 
to increase the amount of suspended solids collected. To reduce the amount of time field 
staff enter the system, bottles may be re-installed when the first deployment bottles are 
retrieved. The material from two consecutive trap deployments may be combined to have 
sufficient mass for chemical analysis. Sediment traps will be retrieved after a period of 
approximately three days of dry weather to allow for additional settling of particulate and 
colloidal materials in the collected sample and for safety of field sampling staff.  
 
Upon retrieval, the sample container will be capped with a Teflon® lined lid, placed in 
plastic bags, sealed, and put on ice in a cooler for delivery to KCEL. At the laboratory, the 
samples will be centrifuged in a non-contaminating centrifuge container to separate solids 
from overlying water. After centrifuging, as much overlying water as possible will be 
siphoned off and the underlying solids and colloidal fraction will be used as the sample to 
be analyzed. Solids and colloidal fraction will be thoroughly mixed in a pre-cleaned 
stainless steel bowl prior to adding to appropriate pre-cleaned sample containers for 
chemical analysis. Samples will be analyzed for the parameters outlined in Section 4, 
provided sufficient volume is available and collected. Any excess sample mass will be 
archived frozen for potential future analysis. 

3.3 Sampling Equipment 
When entry into the confined spaces is necessary for sample collection, it will be done by 
King County personnel who have the training and experience to safely enter these spaces. 
King County confined space entry requirements and safety protocols will be followed at all 
times. Field staff members are confined-space entry certified through the WTD Permit-
Required Confined Space Entry Program. All guidelines and requirements for confined 
space entry can be found in the WTD Permit-Required Confined Space Entry Program 
Manual (King County, 1998). KCEL FSU staff will be responsible for sampling in-line solid 
grabs using a custom stainless steel bucket on a pole. This sampler allows them to remain 

 
2 The sediment traps were fabricated for Seattle Public Utilities based on an initial design by Washington 
Dept. of Ecology (Ecology 1996) and modifications by the City of Tacoma. 
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safely outside of confined spaces. If traffic control is necessary for sample collection, FSU 
flagger certified staff will be part of the sampling team.  
 
Additional field equipment is listed below. 
1) Sampling Equipment: 

a) Appropriate sample containers supplied by laboratory (Table 1) 
b) Stainless steel scoops and/or extension pole with swivel attachment 
c) Stainless steel mixing bowls 
d) Stainless steel spoons 

2) Sampling supplies: 
a) Ziploc® bags 
b) Cooler with ice 
c) Nitrile gloves 

3) Safety equipment: 
a) Hard hat 
b) Safety vest 
c) Safety shoes and glasses 
d) Appropriate traffic control equipment and personnel where applicable (FSU 

supervisor will approve safety plan) 
e) Safety equipment for confined space entry 

4) Documentation supplies: 
a) Field notebook 
b) Sample labels 
c) Chain-of-custody forms 
d) Camera 

 
When visiting the sampling station, field personnel will record the following information on 
field forms that are maintained in a waterproof field notebook. 

• Date 
• Time of sample collection or visit 
• Name(s) of sampling personnel 
• Description of sampling location (e.g., street intersection, identification number 

for County-owned structures) 
• Weather conditions 
• Number and type of samples collected 
• Field measurements  
• Log of photographs taken 
• Comments on the working condition of the sampling equipment 
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• Deviations from sampling procedures 
• Unusual conditions (e.g., water color or turbidity, presence of oil sheen, odors, and 

land disturbances) 
• Visual observations of color, texture (estimate particle size fractions per standard 

soil classification), and amount and type of debris 

3.4 Equipment Decontamination  
All sampling equipment, including the trap bottle and stainless-steel scoop and beaker, and 
other stainless-steel materials will be decontaminated after each sampling event. Sediment 
trap brackets will be cleaned when removed from a sampling location. The following 
decontamination procedures will be followed: 
 
Sediment trap Teflon® sample bottles (to be completed by KCEL) 

• Phosphate-free detergent wash and tap water rinse 
• Reagent-grade water rinse 
• Air dry 
• Cap on during transport to site 

Stainless-steel scoop and beaker will be cleaned at the lab before each day’s use and again 
by field staff in between each sampling location. The dedicated stainless-steel bowl and 
mixing spoon for each sampling location will be pre-cleaned at the lab before each day’s 
use. Below are the procedures for cleaning stainless-steel items: 

• Phosphate-free detergent wash and tap water rinse 
• Reagent-grade water rinse 
• Air dry 

After the decontamination procedures have been completed, the sampling equipment will 
be capped or sealed with new uncoated aluminum foil and the sampling device will be 
protected and kept clean until needed.  

3.5 Sample Delivery and Storage 
All samples will be kept in ice-filled coolers until delivery to KCEL on the same day that 
they are collected. If samples need to be decanted or centrifuged, it will be stored in 
refrigerator at 4°C until processed. No additional preservative is required for solids 
samples. Table 1 shows sample handling and storage requirements for all possible 
analyses. Archived solids will be placed in glass jars and held frozen at –18°C.  
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 Solids sample container, preservation, storage, and hold time requirements 

 

Analyte in 
priority Container* 

Preferred 
Storage 
Conditions 

Hold Time** 
Acceptable 
Storage 
Conditions  

Hold Time 

PCBs 16-oz. glass freeze at -18°C 
1 year to extract 
40 days to 
analyze 

refrigerate at 4°C 14 days to extract 
40 days to analyze 

Total Organic 
Carbon (TOC) 

4-oz. glass or 
polypropylene freeze at -18°C 6 months to 

analyze refrigerate at 4°C 14 days to analyze 

Total Solids 
(collect with 
TOC) 

4-oz. glass or 
polypropylene freeze at -18°C 6 months to 

analyze refrigerate at 4°C 14 days to analyze 

Mercury 4-oz 
polypropylene freeze at -18°C 28 days to 

analyze refrigerate at 4°C 28 days to analyze 

Semi-Volatile 
Organic 
Compounds 

16-oz. glass freeze at -18°C 
1 year to extract 
40 days to 
analyze 

refrigerate at 4°C 14 days to extract 
40 days to analyze 

Other Metals 4-oz 
polypropylene freeze at -18°C 2 years to 

analyze refrigerate at 4°C 6 months to 
analyze 

Dioxin/furans 8-oz glass freeze at -18°C 
1 year to extract 
40 days to 
analyze 

N/A N/A 

Archive jars (2) 2x 16-oz. glass freeze at -18°C Analyte specific N/A N/A 
Particle Size 
Distribution 

16-oz. glass or 
polypropylene 

refrigerate at 4
°C 

6 months to 
analyze N/A N/A 

*  Containers to be filled approximately ¾ full to allow space for expansion upon freezing (except for Particle Size  
    Distribution). 
** Holding time begins the date the sample is removed from the CSO conveyance system. 

3.6 Chain of Custody 
Chain of custody (COC) will commence at the time the in-line solids grabs are collected. For 
sediment traps, chain of custody will begin at the time the traps are removed from the 
combined sewer lines. Thereafter, all samples will be under direct possession and control 
of King County field staff. For chain of custody purposes, closed/latched sewer lines and 
field vehicles will be considered “controlled areas.” All sample information will be recorded 
on a COC form. This form will be completed in the field and will accompany all samples 
during transport and delivery to KCEL. Upon arrival at the KCEL, the date and time of 
sample delivery will be recorded and both parties will then sign off in the appropriate 
sections on the COC form at this time. Copies of COC form will accompany dioxin/furan 
samples being shipped to contract laboratory. Once completed, original COC forms will be 
archived in the project file at KCEL. Samples delivered to KCEL after regular business hours 
will be stored in a secure refrigerator after hours until the next day using established 
procedures for delivery. 
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3.7 Sample Documentation 
Sampling information and sample metadata will be documented using the methods noted 
below. 

• Field sheets generated by King County’s Laboratory Information Management 
System (LIMS) will be used at all stations and will include the following 
information: 

1. sample ID number 
2. station name 
3. in-pipe station water depth at time of sampling. 
4. sampling time 
5. initials of all sampling personnel 
6. any deviations from these sampling procedures 

• LIMS-generated container labels will identify each container with a unique sample 
number, station and site names, collection date, analyses required, and 
preservation method. 

• COC documentation will consist of KCEL COC form, which is used to request 
analyses and track release-receipt of each sample from collection to arrival at the 
lab. 

3.8 Field Replicates 
Field replicates for mercury will be collected at all in-line grab sampling locations where 
mercury is being analyzed (assuming sufficient mass is available). Replicates for mercury 
will be collected to help evaluate variability of mercury, which has been observed to be 
very heterogeneous in combined basin solids matrices. 
 
Field replicates for all analytes will be collected at a frequency of 1 in 10 during the 
sampling of in-line solid grab samples. The frequency of these field replicates for each 
overall sampling event will be confirmed with study project manager. The field crew will 
determine locations where sufficient in-line solids are available for analysis of all target 
parameters. It is possible not all CSO basins will have a field replicate collected if sufficient 
mass is not present. Each field replicate will be collected with a separate, cleaned set of 
sampling equipment. Field replicates will be identified by unique sample identification 
number but have the same locator and sample collection date as the primary sample.  
 
Sediment trap samples are not expected to result in sufficient volume to create field 
replicate samples. However, if there is sufficient mass collected, a field replicate will be 
created. 
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4.0 ANALYTICAL METHODS 
This section presents the analytical methods for this study. Sample analysis will be performed 
at KCE for all analytes except dioxin/furans, which will be analyzed by contract laboratory.  
Description of quantitation limits are presented in Section 4.1 and the analytical methods and 
the resulting quantitation limit goals are described in sections 4.2 through 4.5. 

4.1 Quantitation Limits 
The sensitivity of a particular analytical method is generally determined/defined by the 
reference method. For this work, different methods use and define quantitation limits in 
different ways as described below. 
 
The terms method detection limit (MDL) and reporting detection limit (RDL) are used in 
the following sediment chemistry analysis subsections. The MDL is defined as the minimum 
concentration of a chemical constituent that can be detected, while the RDL is defined as 
the minimum concentration of a chemical constituent that can be reliably quantified.  
 
SW-846 methods have eliminated the concept of the method detection limit discussed 
above and have replaced it with a lower limit of quantitation (LLOQ) concept. Details on 
how these quantitation limits are used to report data by KCEL are described here. 
 
The sensitivity of a particular analytical method is generally determined/defined by the 
reference method. The EPA reference methods (EPA, 2018) used for this project belong 
mostly to the SW-846 compendium of analytical methods (only TOC for conventionals 
analysis), and require that sensitivity be defined as a single limit called the “lower limit of 
quantitation” (LLOQ). With the exception of the Method 6010D (inductively coupled 
plasma [ICP] metals), the LLOQ can be no lower than the lowest concentration on the 
calibration curve and must be verified according to the requirements in each reference 
method.  
 
The LLOQ for ICP metals is verified for Method 6010D (ICP) with each run by analyzing a 
standard at the level of the LLOQ, which must recover within 80%–120% of its true value. 
For trace metals (6010D, 6020B, 7471B), conventionals, (9060C), and PCBs methods 
(8082A), sample results may not be reported below the LLOQ and therefore the LLOQ value 
for each parameter is used as the KCEL Laboratory Information Management System’s 
(LIMS) MDL and RDL.  
 
Sample results for BNAs (Method 8270E) may be reported at concentrations below the 
LLOQ if the qualitative results for the parameter meet the requirements of the reference 
method. The LLOQs for BNA parameters will be reported in the LIMS RDL field, while the 
LIMS MDL column will be at most one-half the LLOQ. The LIMS MDL may be lower than one 
half the LLOQ if the qualitative requirements of the method are fulfilled (defined as a low 
instrument standard that meets the qualitative requirements for the reference method). 
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Therefore, the LIMS MDL values for BNA parameters represent the lowest concentration 
that was analyzed for a given parameter for both method blanks and samples.  
 
Any BNA parameters reported below the LLOQ (LIMS RDL) will be flagged “<QL, J,” because 
a result reported below the lower limit of quantitation (referred to as QL in LIMS) is an 
estimated value. See Section 11.1.1 for definitions of data qualifiers. For the tests based on 
non-SW-846 reference methods, sensitivity is defined as the MDL, which is calculated by 
the 40 CFR Part 136, Appendix B procedure. The value determined by this procedure may 
be increased to account for method variability and will be reported in the LIMS MDL field. 
The LIMS RDL is calculated by multiplying the LIMS MDL by a factor between 2 and 10, 
depending on the parameter, and should be considered analogous to the Practical 
Quantitation Limit or PQL. 
 
A high-resolution isotopic dilution-based method is used for analysis of dioxin/furan 
congeners. The limits of quantitation (LOQs) are derived from the MDLs and are defined as 
the lowest concentration, at or above the lowest method calibration limits (LMCL), at which 
test accuracy (precision and bias) has been demonstrated. LOQs are established by analysis 
of replicate low level spiked samples of clean matrix. Thus, dioxin/furan congener data are 
reported to the greater of the sample detection limit (SDL) or the reporting limit (RL) limit. 
Values detected above this detection limit but below the LOQ are flagged as estimated (j-
flag) down to the SDL value. LOQs are prorated for sample size and extract volume. The 
SDL is determined by converting the area equivalent of 2.5 times for EPA 1600 series 
methods the estimated chromatographic noise height to a concentration in the same 
manner that target peak responses are converted to final concentrations.  The SDL is 
determined individually for every sample analysis run. The SDL accounts for any effect of 
matrix on the detection system and for recovery achieved through the analytical work-up. 
It does not account for any lab background input. 
 
Every effort will be made to meet the sensitivity goals listed in the following sections of this 
SAP. However, the values for the LIMS MDLs and LIMS RDLs reported for individual 
samples may differ from the target detection limit goals reported below in sections 4.2 thru 
4.6. This may occur as a result of necessary analytical dilutions or reductions of extracted 
or digested sample amounts based on preliminary examination of the sample (including 
total solid and TOC values). When samples must be diluted for the analysis of one or more 
target analytes, LIMS MDLs and LIMS RDLs from the original, undiluted extract will be 
reported for all other parameters that did not required dilution.  
 
LLOQs, MDLs, and RDLs are periodically evaluated and may change up or down. Any 
changes to the instrument LLOQ values will be documented in a Data Anomaly Form as a 
deviation from the SAP.  

4.2 Conventionals 
Conventional sediment parameters will include PSD, TOC, and total solids. The analytical 
methods and detection limits for conventional parameters are summarized in Table 2. 
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Total solids will be analyzed on all samples to allow normalization of all other sediment 
chemistry data except PSD to dry weight. Total solids analysis will be performed according 
to the latest edition of Standard Methods (SM)2540-G (APHA, 2017), which is a gravimetric 
determination. Results for total solids analyses are reported in units of percent on a wet 
weight basis. 
 

 Conventionals target analytes, methods, and detection limit goals 
Parameter Method MDL RDL Units 
Total Solids SM 2540-G 0.005 0.01 percent wet wt. 
PSD (gravel and sand) ASTM D422 0.1 1.0 percent dry wt.  
PSD (silt and clay) ASTM D422 0.5 1.0 percent dry wt. 
PSD-SC (>500 µm 
sand) ASTM D422/D3977-97 0.5 1 mg/L  

PSD-LD CV ISO 13320:2009€ 0.01 0.01 percent volume 
Parameter Method MDL/RDL/QL* Units 

Total Organic Carbon EPA 9060, PSEP 1986; 
1996 500 mg/Kg wet wt. 

* QL refers to the Lower Limit of Quantitation (LLOQ) and is equal to the LIMS MDL and RDL.   
 
TOC analysis will be performed on all samples to allow normalization of some organic 
parameters to organic carbon, if warranted. TOC analysis will be performed according to 
EPA Method 9060/SW-846 (EPA, 2004), which is high-temperature combustion with 
infrared spectroscopy. Results for TOC analysis are reported in units of mg/Kg on a wet 
weight basis and/or percent on a wet weight basis. 
 
PSD analysis will be performed according to ASTM Method D422 (ASTM, 2002), which is a 
combination of sieve and hydrometer analyses. Results for PSD analysis are presented in units 
of percent on a dry weight basis, both for phi sizes and for the four broad classifications of clay, 
silt, sand, and gravel. Results for the clay and silt fractions are also summed to report a result 
for “percent fines.” When sample mass is limited, PSD can be analyzed by the laser diffraction 
(LD) method, which reports results for phi sizes and clay, silt, sand (<1,000µm) as percent 
volume. When the PSD-LD method is used, the fraction of sample > 500 µm also will be 
analyzed by ASTM Method D422/D3977-97. The MDL and RDL values in this SAP will be 
adjusted for individual samples, based on the amount of sample analyzed. 

4.3 Trace Metals 
Detection limits for the eight target trace metals are summarized in Table 3 based on ICP 
method and Table 4 based on ICP-mass spectroscopy (ICPMS) method. The solids samples 
will be analyzed by inductively coupled plasma optical emission spectroscopy with a strong 
acid digestion, following EPA Method 3050B/6010D (SW8-846) or by ICPMS with a strong 
acid digestion, following EPA Method 3050B/6020B (SW8-846). These LLOQs/LIMS 
MDLs/LIMS RDLs are presented on a wet-weight basis and are based on an initial sample 
weight of 1 (+/- 0.05) gram (g) and a final volume of 50 milliliters (ml) for ICP and ICPMS 
metals. Mercury will be analyzed by cold vapor atomic absorption spectroscopy (CVAA), 
following EPA Method 7471B (SW-846). Two detection limit goals for mercury (mid and 
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high range) based on initial sample weight of 1 (+/- 0.05) g and a final volume of 100 ml for 
mercury (Table 5) are presented.   
 

 Trace metals target analytes and detection limit goals (mg/Kg wet weight) for ICP 
Analyte MDL/RDL/QL* 
Arsenic 2.50 
Cadmium 0.250 
Chromium 0.250 
Copper 0.500 
Lead 2.50 
Nickel 0.500 
Silver 0.500 
Vanadium 0.500 
Zinc 0.250 
*QL refers to the Lower Limit of Quantitation (LLOQ) and is equal to the LIMS MDL and RDL.   
 

 Trace metals target analytes and detection limit goals (mg/Kg wet weight) for ICPMS 
Analyte MDL/RDL/QL* 
Arsenic 0.0125 
Cadmium 0.0125 
Chromium 0.050 
Copper 0.050 
Lead 0.025 
Nickel 0.025 
Silver 0.010 
Vanadium 0.0188 
Zinc 0.125 
*QL refers to the Lower Limit of Quantitation (LLOQ) and is equal to the LIMS MDL and RDL. 
 
 

 Mercury detection limit goals (mg/kg wet weight) 
Mercury QL* 
Mid-level 0.005 
High-level 0.020 

*QL refers to the Lower Limit of Quantitation (LLOQ) and is equal to the LIMS MDL and RDL. 
 

4.4 Base-Neutral Acid Semi-Volatile Compounds 
The detection limits for the target BNA SVOCs are summarized in Table 6. These LIMS 
MDLs and RDLs are presented on a wet-weight basis and are based on a 30 g extraction 
concentrated to a final volume of 1.0 ml for analysis. The LIMS RDL is equal to the LLOQ, 
which in LIMS will be referred to as the QL (quantitation limit). The LIMs MDL column is a 
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value that is at most one-half of the LLOQ and could be lower if the qualitative 
requirements of the method are fulfilled (defined as the concentration of a low standard 
that meets the qualitative requirements for the reference method).  
 
These samples are sonicated in 1:1 methylene chloride:acetone (3550C) and then undergo 
a gel permeation chromatography cleanup. Note that the detection limits can vary if limited 
sample is available for extraction (less than 30 g) or if dilutions are required due to 
elevated analyte concentration(s). BNA analysis will be performed according to EPA 
method 8270E (SW-846), using analysis by gas chromatography/mass spectroscopy 
(GC/MS). 
 

 BNASMS target analytes and detection limits (µg/Kg wet weight). 
Analyte MDL RDL/QL* Analyte MDL RDL/QL* 
1,2,4-Trichlorobenzene 1.7 3.33 Chrysene 1.7 3.33 
1,2-Dichlorobenzene 1.7 3.33 Dibenzo(a,h)anthracene 3.3 6.67 
1,4-Dichlorobenzene 1.7 5.00 Dibenzofuran 1.7 3.33 
2,4-Dimethylphenola 8.3 167 Diethyl Phthalate 3.3 33.3 
2-Methylnaphthalene 1.7 3.33 Dimethyl Phthalatea 17 33.3 
2-Methylphenol 8.3 16.7 Di-N-Butyl Phthalate 1.7 3.33 
3,4-Methylphenol 8.3 16.7 Di-N-Octyl Phthalate 1.7 6.67 
Acenaphthene 1.7 3.33 Fluoranthene 1.7 3.33 
Acenaphthylene 1.7 3.33 Fluorene 1.7 3.33 
Anthracene 1.7 3.33 Hexachlorobenzenea 1.7 3.33 
Benzo(a)anthracene 3.3 8.33 Hexachlorobutadienea 17 33.3 
Benzo(a)pyrene 1.7 3.33 Indeno(1,2,3-Cd)Pyrene 1.7 3.33 
Benzo(b,j,k)fluoranthene 2.0 3.33 Naphthalene 1.7 3.33 
Benzo(g,h,i)perylene 1.7 3.33 N-Nitrosodiphenylaminea 8.3 16.7 
Benzoic Acida 33 667 Pentachlorophenola 33 66.7 
Benzyl Alcohola 17 33.3 Phenanthrene 3.3 6.67 
Bis(2-Ethylhexyl) Phthalate 1.7 6.67 Phenol  8.3 16.7 
Butyl Benzyl Phthalate 1.7 5.00 Pyrene 1.7 3.33 
* QL refers to the Lower Limit of Quantitation (LLOQ) and is equal to the LIMS RDL. 
a Soxhlet extraction and/or selected ion monitoring method can be used to optimize recoveries and potentially  
   lower QLs for these analytes 
 
 
For several target analytes, using the standard methodology presented above, quantitation 
limits are likely to be above the goals listed in Table 6. For these analytes, KCEL will consult 
with the project manager before pursuing further steps. If deemed appropriate, KCEL can 
include a separate Soxhlet extraction (EPA Method 3540) in an attempt to optimize the 
acidic and phenolic sample recoveries. Analysis will then be completed using a selected ion 
monitoring (SIM) scanning mode of the mass spectrometer that is optimized for early 
eluting acid compounds. The combination of these two steps may reduce the quantitation 
limits for the following analytes that will be analyzed with these additional steps: 
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• 2,4-Dimethylphenol 
• Benzoic Acid 
• Benzyl Alcohol 
• Dimethyl Phthalate 
• Hexachlorobenzene 
• Hexachlorobutadiene 
• N-Nitrosodiphenylamine 
• Pentachlorophenol 

4.5 PCB Aroclors 
The detection limits for the target PCB Aroclors® are summarized in Table 7. For each 
Aroclor, the LIMs MDL and RDL are equal to the LLOQ, which in LIMS is referred to as the 
QL. These limits are presented on a wet-weight basis and are based on a 30 g extraction, 
which is concentrated to a final volume of 1.0 ml for analysis. These samples are sonicated 
in 1:1 hexane:acetone (3550C), and then undergo a gel permeation chromatography, TBA, 
and sulfuric acid cleanups. Note that the detection limits can vary if there is limited sample 
for extraction (less than 30 g) or if a dilution is required due to elevated analyte 
concentration(s) or interferences. PCB analysis will be performed according to EPA 
methods 8082A (SW-846), gas chromatography/electron capture detector (GC/ECD) with 
dual column confirmation. 
 

 PCB target analytes and sample detection limit goals (µg/Kg wet weight). 
Analyte MDL/RDL/QL* Analyte MDL/RDL/QL* 
Aroclor 1016  0.833 Aroclor 1248  0.833 
Aroclor 1221  2.50 Aroclor 1254  0.833 
Aroclor 1232  2.50 Aroclor 1260  0.833 
Aroclor 1242  0.833   
* QL refers to the Lower Limit of Quantitation (LLOQ) and is equal to the LIMS MDL and RDL.   

4.6 Dioxins/furans 
Dioxin/furan congener analysis will be performed according to EPA Method 1613b, which 
is a high-resolution gas chromatography/high-resolution mass spectroscopy 
(HRGC/HRMS) method using an isotope dilution internal standard quantification. This 
method provides reliable analyte identification and very low detection limits. Labeled 
native and surrogate standards (Table 8) are added before samples are extracted. Data are 
“recovery-corrected” for losses in extraction and cleanup, and analytes are quantified 
against their labeled analogues or a related labeled compound.  
 
The contract laboratory will perform this analysis according to their standard operating 
procedure which is based on EPA Method 1613b Tetra- through Octa-Chlorinated Dioxins 
and Furans by Isotope Dilution HRGC/HRMS. Sample will be extracted followed by 
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standard method clean-up, which includes layered Acid/Base Silica, Florisil, and Alumina. 
Samples will be extracted using soxhlet and at least 10 g of solids are required for analysis 
of dioxins/furans. 
 

 Labeled Surrogates and Recovery Standards Used for EPA Method 1613b 
Dioxins/Furans Congener Analysis 

 
13C-labeled Congener Surrogate Standards 

Labeled analytes of interest are used for all dioxins 
and furans quantified except 1,2,3,7,8,9-HxCDD 
and OCDF 
37Cl-labeled Cleanup Standards 
2,3,7,8 TCDD 
13C-labeled Internal (Recovery) Standards 
1,2,3,4 TCDD 1,2,3,7,8,9 HxCDD 

 
Table 9 lists the 17 dioxin/furan congeners and their respective target SDL values. The 
reported SDLs for individual samples may differ from those in Table 9 because they are 
determined by signal to noise ratios and changes to final volumes. Typical sample detection 
limits are shown. 
 

 Dioxin/furan solids sample detection limit and lower calibration limit goals 
 

Congener Typical SDL* (pg/g) Typical LOQ (pg/g) 

Dioxins 

2,3,7,8-TCDD 0.05 0.8 

1,2,3,7,8-PECDD 0.05 2.5 

1,2,3,4,7,8-HXCDD 0.05 2.5 

1,2,3,6,7,8-HXCDD 0.05 2.5 

1,2,3,7,8,9-HXCDD 0.05 2.5 

1,2,3,4,6,7,8-HPCDD 0.05 2.5 

OCDD 0.05 5.0 
Furans 

2,3,7,8-TCDF 0.05 0.5 

1,2,3,7,8-PECDF 0.05 2.5 

2,3,4,7,8-PECDF 0.05 2.5 

1,2,3,4,7,8-HXCDF 0.05 2.5 

1,2,3,6,7,8-HXCDF 0.05 2.5 

1,2,3,7,8,9-HXCDF 0.05 2.5 

2,3,4,6,7,8-HXCDF 0.05 2.5 
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Congener Typical SDL* (pg/g) Typical LOQ (pg/g) 

1,2,3,4,6,7,8-HPCDF 0.05 2.5 

1,2,3,4,7,8,9-HPCDF 0.05 2.5 

OCDF 0.05 5.0 
Note: SDL and LMCL based on 10 gram sample and 20 µl extraction volume. 
*the reported detection limit will be the calculated SDL down to a minimum Reporting Limit of 0.05 pg/g. 
RLs are set to minimize potential for false positive detection or the requirement to qualify results very 
close to detection limit and in some cases may exceed the sample specific detection limit (SDL) achieved.   
SDL = sample detection limit 
LOQ = limit of quantification 
pg/g = picograms per gram 
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5.0 LABORATORY QUALITY 
ASSURANCE/QUALITY CONTROL 

This section presents laboratory quality assurance/quality control (QA/QC) measures that 
will be employed to ensure data are of sufficient quality to meet the project DQOs. 

5.1 KCEL QA/QC for Conventional, Metals and 
Organic Parameters 

The QC samples that will be analyzed in association with chemistry samples are 
summarized in Table 10. The frequency of method blanks, duplicates, triplicates, and 
matrix spikes is one per QC batch (20 samples maximum). The frequency of SRM or LCS  
analysis is one per batch (20 samples maximum). LCS analysis is used in lieu of or 
conjunction with an SRM analysis for selected analytes when an SRM may not be readily 
available. Surrogates are analyzed with every organic sample. For sediment trap samples 
analyzed for mercury, a laboratory duplicate and a lab triplicate will be analyzed for each 
sediment trap sample to assist in the assessment of mercury variability in the matrix. When 
in-line solids grab sampling locations do not have sufficient mass for mercury field 
replicate, a laboratory duplicate will be analyzed (assuming sufficient sample mass is 
available). 
 
QA chemistry acceptance criteria (Ecology, 2019) are shown in Table 11. Some trace metal 
and organic analyses have empirically derived laboratory limits for various QC samples. 
Specific laboratory-derived acceptance limits for trace metal and organic analyses are in 
effect at the time of analysis will be used as quality control limits. 
 
QC results that exceed the acceptance limits will be evaluated to determine appropriate 
corrective actions. Samples will typically be reanalyzed if the unacceptable QC results 
indicate a systematic problem with the overall analysis. Unacceptable QC results caused by 
a particular sample or matrix will not require reanalysis unless an allowed method 
modification would improve the results. 
 
Analytical results that do not meet QA acceptance criteria will be qualified and flagged 
according to Ecology guidance (Ecology, 2019). 
 

 Solids chemistry quality control samples 

Analyte 
Method 
Blank 

Spiked 
Blank 

Duplicate/ 
Triplicate 

Matrix 
Spike 
(MS) 

MS 
Duplicate SRM/LCS Surrogates 

PSD No No Triplicate No No No No 

TOC Yes Yes Triplicate Yes No Yes No 

Total Solids  Yes No Triplicate No No No No 

Mercury Yes Yes Triplicate Yes Yes Yes No 
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Analyte 
Method 
Blank 

Spiked 
Blank 

Duplicate/ 
Triplicate 

Matrix 
Spike 
(MS) 

MS 
Duplicate SRM/LCS Surrogates 

Other Metals Yes Yes Duplicate Yes No Yes No 

BNAs Yes Yes Duplicate Yes Yes Yes Yes 

PCBs Yes Yes Duplicate Yes Yes  No Yes 

 
 
 

 QA1 acceptance criteria for solids chemistry samples. 
 
Analyte 

Method 
Blank 

Spiked 
Blank 

Duplicate/ 
Triplicate 

Matrix Spike / MSD  
SRM/LCS 

 
Surrogates Recovery RPD 

PSD N/A N/A RSD < 20% N/A N/A N/A N/A 
TOC < 0.5 QL 80 - 120% RSD < 20% 75 - 125% N/A 80 - 120% N/A 

Total Solids < MDL N/A RSD < 20% N/A N/A N/A N/A 
Metals 

(incl. Hg) < 0.5 QL 85–115% RSD < 20% 75 - 125% RPD < 
20% 

Varies by 
Analyte N/A 

BNAs < 0.5 QL 
Lab 

Performance 
Limits 

RPD < 35% 
Lab 

Performance 
Limits 

RPD < 
35% 

Lab 
Performance 

Limits 

Lab 
Performance 

Limits 

PCBs < 0.5 QL 
Lab 

Performance 
Limits 

RPD < 35% 
Lab 

Performance 
Limits 

RPD < 
35% N/A 

Lab 
Performance 

Limits 
< MDL - Method Blank result should be less than the method detection limit. 
< 0.5 QL–Method Blank result should be less than one half of the QL (LLOQ), or lower in the case of BNA analyses 
RPD–Relative Percent Difference, RSD–Relative Standard Deviation 
QC results for matrix spike, SRM/LCS, and surrogates are in percent recovery of analyte.  
Note: The laboratory’s performance-based control limits that are in effect at the time of analysis will be used as 
quality control limits 
 
Evaluation of method blank results is based on the requirements for each reference method 
therefore the value entered for the LIMS MDL may differ compared to the associated 
samples. For trace metals and conventionals methods (6010D, 6020B, 7471B, and 9060C), 
and PCBs (Method 8082A), method blank results must be reported to one half the LLOQ. 
Therefore, the LIMS MDL value for associated methods blanks is one half the value 
reported for the LIMS RDL (LLOQ or QL). For BNAs (Method 8270E) the method blanks 
must be evaluated to at least one half the LLOQ and lower if the LIMS MDL is less than one 
half of the LLOQ. For total solids and PSD, the method blanks are evaluated to the same 
wet-weight LIMS MDL value reported for the undiluted samples.  
 
Any method blank result that is at or above the associated LIMS MDL value will be qualified 
with a B flag on the QC report. Method blank values that are below the associated LLOQ will 
also be qualified with a J flag and a <QL qualifier to indicate they are estimated values 
detected below the QL. If the associated method blank had a reportable value, sample data 
will be qualified with a B or B3 flag if the sample result is at or above the LIMS MDL value. 
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Analytical results that do not meet the acceptance criteria will be discussed with the QA 
Officer and qualified as appropriate by KCEL. Laboratory data qualifier flags and the typical 
conditions under which they are applied are presented below. 
 

• B or B3 are applied to sample results when the parameter is detected at a 
concentration at or above the value for the LIMS MDL in the method blank and if the 
ratio of the sample to blank result, on a wet-weight basis, meets these rules: 

o A “B” flag is applied if the associated blank is ≥ the LIMS MDL value and the 
sample result is ≥ MDL but ≤ 5 times the blank result. 

o A “B3” flag is applied if the associated blank is ≥ the LIMS MDL value and the 
sample result is > 5 and ≤ 10 times the blank result.  

• J is applied to a parameter result when the reported value is an estimated value. All 
values less than the LIMS RDL value will receive a J qualifier for SW-846 methods. 

• JG is applied to a parameter result when the reported value is an estimated value 
with a probable low bias.  

• JL is applied to a parameter result when the reported value is an estimated value 
with a probable high bias.  

• H indicates that a holding time criterion was not met prior to completion of analysis.  
• SH indicates that a sample handling criterion was not met in some manner prior to 

analysis. The sample may have been compromised during the sampling procedure 
or may not comply with storage conditions or preservation requirements.  

• R is applied to a parameter result that has been rejected and deemed unusable for 
all purposes 

• <MDL is applied to sample data when a target analyte is not detected. This qualifier 
will no longer pertain to SW-846 methods. For this SAP, this qualifier will only be 
used for total solids and PSD data. 

• <RDL is applied to sample results when a target analyte is detected at a 
concentration greater than or equal to the associated LIMS MDL, but less than the 
associated LIMS RDL value. This qualifier will no longer pertain to SW-846 methods 
and has been replaced by the qualifier <QL. For this SAP, this qualifier will only be 
used for total solids and PSD data. 

<QL replaces the <MDL and <RDL qualifiers for SW-846 methods. It is applied when a 
target analyte is detected at a concentration less than the associated LLOQ (LIMS RDL 
value) or when a parameter is not detected. 
 

5.2 Contract Laboratory QA/QC for Dioxin/Furans 
 
Quality control samples include method blanks, ongoing precision and recovery (OPR) 
samples, and surrogate spikes. Method blanks and OPR samples are each included with 
each batch of samples. Surrogate spikes are labeled compounds that are included with each 
sample. The sample results are corrected for the recoveries associated with these surrogate 
spikes as part of the isotope dilution method. In addition, a laboratory duplicate will be 
conducted with each batch of samples. Note that a matrix spike and matrix spike duplicate 
are not required, nor meaningful under Method 1613b. This method has specific 



Source Tracing in Combined Sewer System Solids Sampling and Analysis Plan 

King County DNRP  25 August 2020 

requirements for method blanks that must be met before sample data can be reported (see 
section 9.5.2 of the method). The OPR samples must show acceptable recoveries, according 
to respective methods, in order for samples to be analyzed and data to be reported. A 
summary of the quality control samples are shown in Table 12.   
 

 Dioxin/Furan QA/QC Frequency and Acceptance Criteria 
 

 Method Blank Lab Duplicate 
(RSD) 

OPR  
(% Recovery) Surrogate Spikes 

Frequency 1 per batch a 1 per batch a 1 per batch a Each sample 

Dioxins/Furans <see belowc RPD <50% laboratory QC limits d  laboratory QC limits d 
a batch = 20 samples or less prepared as a set 
c EPA Method 1613b blank criteria (see Table 2 of the published method) is to be below the Minimum 
Levels: TCDD/F <0.5 pg/sample, PeCDD/F, HxCDD/F (except 1,2,3,7,8,9-HxCDF), HpCDD/F <1.0 
pg/sample, 1,2,3,7,8,9-HxCDF <2.0 pg/sample, OCDD/F <5 pg/sample. Higher levels acceptable where 
all sample concentrations are > 10X the blank concentrations. 
d The laboratory’s performance-based control limits that are in effect at the time of analysis will be used 
as quality control limits. 
RPD = Relative Percent Difference 
OPR = Ongoing Precision and Recovery 
 
If the sample associated method blank had a reportable value, sample data will be qualified 
with a B if the sample result is at or above the SDL value. Analytical results that do not meet 
the acceptance criteria will be discussed with the QA Officer and qualified as appropriate 
by the laboratory. Laboratory data qualifier flags and the typical conditions under which 
they are applied are presented below. 
 
• J is applied to a parameter result when the reported value is an estimated value. All 

values less than the LOQ value will receive a J qualifier. 
• K indicates not all identification and qualification criteria were met for these 

compounds. The maximum potential concentration is reported for K flagged 
congeners.  

• D indicates sample dilution 
• C indicates co-elution with another congener 
• U is applied to sample data when a target analyte is not detected.  
• B analyte found in sample and the associated blank  
• N applied to OPR authentic recovery is not within method/contract control limits 
• V labeled compound recovery is not within method/contract control limits 
• G lock mass interference present 
• N/A not available or not applicable 
• NQ data not quantifiable 
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6.0 DATA REPORTING AND RECORD 
KEEPING 

 
This section provides information on how data will be reported and how project records 
will be maintained. 

6.1 Data Packages and Validation 
All in-line solid grab and sediment trap data will be reported in dry weight using sample 
specific percent solids data. KCEL and contract laboratory will each report the following: 
 

• all analytical data included data qualifier flags by the laboratory; 
• a QA narrative discussing data quality; 
• all associated QC data3; and  
• copies of COC forms. 

 
KCEL will also produce a summary of sample collection information including locations and 
copies of field sheets. 
 
KCEL data will be validated against requirements of the reference methods as well as the 
requirements of this SAP. This level of validation, equivalent to EPA Stage 2a, includes 
reviews of holding times, method blanks, and QA/QC samples. Congener data generated 
will be validated according to accepted EPA guidelines (EPA, 2016). Dioxin/furan congener 
data will undergo a Level III data validation. All necessary data needed for independent 
review of dioxin/furan data will be provided by the contract laboratory. Data validation 
memoranda will be produced and maintained along with the analytical data as part of the 
project records. 
 

6.2 Reporting and Record Keeping  
Results from sampling efforts will be reported in data reports. All QC/QC data and data 
validation memos will be available upon request. All hard-copy field sampling records, 
custody documents, raw lab data, and laboratory summaries and narratives generated by 
KCEL will be archived according to KCEL policy for LDW Superfund records or 10 years 
when not in support of a cleanup project. These records will include both hard copy and 
electronic data. Conventional, Trace Metals and Trace Organics analytical data produced by 
the KCEL will be maintained on its LIMS database in perpetuity. The contract laboratory 
will provide electronic deliverables of data and associated quality control results to King 
County. While KCEL will maintain a copy of deliverables from contract laboratory, copies of 
full data packages pertaining to King County samples analyzed by contract laboratory will 
be maintained by contract laboratory for 10 years from the analysis date. 

 
3 For KCEL these are LIMS batch and QC reports. 
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Figure 1. Overveiw of King County CSO Drainage Basin Area for Duwamish River.  
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Figure 2. KC CSO Basins Contributing to the Lower Duwamish Waterway and East Waterway 

Superfund Sites. 



Source Tracing in Combined Sewer System Solids Sampling and Analysis Plan 

King County DNRP  31 August 2020 

 
 

Figure 3. In-line solids grab sampler 
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Figure 4. Sediment trap bottle mounting bracket 
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