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1.0.  Project Background

King County plans to conduct a sediment and water quality assessment of the Sammamish River.  Sediment, surface water, and benthic community samples will be collected for analyses during the summer/early fall of 2001 and 2003.  Additionally, surface water samples will be collected in 2002 to broadly characterize potential changes between years.  King County may continue the sampling program into 2004 and beyond depending on the results of a comprehensive review of Sammamish River monitoring data and/or specific data needs.  This Sampling and Analysis Plan (SAP) describes the planned scope of work for 2001-2003, including field sampling procedures, and laboratory analytical requirements for the project.  A SAP addendum will be prepared as necessary to document the scope of work for 2004 and beyond. 
Currently, little or no concentration data exist for metals, pesticides, and/or organic compounds that may be present in the water column or sediments of the Sammamish River.  It is unknown if water or sediment quality conditions limit reproduction and/or survival of aquatic life, especially endangered salmon, which reside in or use the river as a migration corridor to reach rearing or spawning areas (e.g., Bear Creek, Issaquah Creek).  A variety of land uses currently exist in the river corridor that likely contribute to the overall contaminant loading to the river (e.g., agriculture, suburban, light industrial).  Recently, research conducted by NMFS (Scholz et al. 2000) suggests short-term exposure to low levels (i.e., 0.1 ppb) of diazinon (one of many pesticides used in the basin) can interfere with the homing behavior of endangered Chinook.  Diazinon concentrations within the Lake Washington watershed tributaries have been found to exceed 0.1 ppb (USGS 1999, King County 2002a).  Based on the current land use activities in the Sammamish basin (e.g., suburban residential, agriculture, golf courses), it is likely diazinon along with other pesticides and contaminants are present in the river.  It is unknown, however, if aquatic life, especially endangered salmon, are exposed to harmful levels of these compounds that result from non-point source runoff in the basin.

Before restoration, salmon recovery, and/or other efforts (e.g., water reuse implementation) within the Sammamish Corridor can be designed and implemented, it is critical to develop a thorough scientific understanding of the current chemical and biological conditions of the river.  This project will provide some of the information necessary for decision-makers to better identify problem areas and assist with management decisions regarding water reuse, the Endangered Species Act issues, and watershed management.  These data will also be used in a number of modeling applications as part of the Sammamish and Washington Assessment and Modeling Project (SWAMP).  The models will be able to simulate potential conditions associated with various reuse options and compare predicted sediment and water quality under these options to baseline conditions. 

Finally, the data collected in this sampling program will be used to develop a long-term monitoring plan for Sammamish River.  Various King County sampling programs have generated chemical and biological data for Sammamish River over multiple years.  All of the data, including that generated from the activities described in this SAP, will be evaluated to assess the specific needs for long-term monitoring in the Sammamish River.

1.1.  Study Area Description

From Lake Sammamish, the Sammamish River flows in a north and then westerly direction for approximately 15 miles (~22 km) to the confluence at the north end of Lake Washington (Figure 1).  Several tributaries enter the Sammamish River including Bear, Little Bear, North, and Swamp Creeks and several smaller named and unnamed creeks.  
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Figure 1.  Study Area

The Sammamish River Corridor can be divided into two reaches, based on topography and, to a lesser extent, land use.  The upper river corridor extends from the head at river mile (RM) 15.3 north to RM 4.9 through a floodplain valley that is more than one-mile wide in places.  Two salmon-bearing tributaries are located in the upper reach: Bear Creek, at RM 13.7, and Little Bear Creek at RM 5.5.  Land use includes open space and recreational areas at Marymoor Park, urban commercial and residential development in the City of Redmond, Willows Run Golf Course, Sammamish Valley Agricultural Production District (which includes large turf farms and smaller nurseries and crop farms) and urban development again in the City of Woodinville.  The lower corridor extends from RM 4.9 to RM 0.0 at Lake Washington.  The lower corridor is narrow, topographically constrained, and includes the downtown core areas of the cities of Bothell and Kenmore.  However, there are some open space areas, including the Wayne and Inglemoor Country Club golf courses, Bothell parkland along the Sammamish River Trail, and King County-owned parcels at the mouth of Swamp Creek and the mouth of the river.  The lower reach includes two large salmon-bearing tributaries, North Creek, at RM 4.4 and Swamp Creek, at RM 0.6.  A major King County sewer line runs underneath portions of the Sammamish River Trail, which is adjacent to most of the river.  
Prior to Euro-American settlement, the Sammamish River had a complex, highly sinuous, meandering channel and abundant “swampy” areas filled with peat and diatomaceous earth.  Prior to lowering Lake Washington, there was approximately an 8.5-foot elevation difference between Lakes Sammamish and Washington (King County 2002a).  However, after the lowering of Lake Washington, the river lost much of this elevation in its’ upper reach; backwater effects associated with Lake Washington appear to have extended beyond the confluence with Little Bear Creek.  This area included extensive forested wetlands, especially at the mouth of North Creek (King County 2002a).  Historically, the Sammamish River was approximately twice as long as it is today and frequently overflowed its banks.  Its corridor was densely forested with cedar, hemlock and Douglas fir, with willows and deciduous vegetation dominating close to the river banks (Stickney and McDonald, 1977).
The river corridor was heavily logged from the 1870s through the early twentieth century, by which time it had been essentially cleared of its old growth areas.  Small-scale farming was attempted in the floodplain, but became more feasible on a much larger scale after the Chittenden Locks opened in 1916, which as previously mentioned, lowered Lake Washington and drained most of the sloughs and wetland habitat within the corridor (Stickney and McDonald 1977; Martz et al. 1999).  Lake Sammamish was lowered by this action as well, which increased the elevation difference between the lakes to about twelve feet, likely increasing river flow.  Around this time, Sammamish Valley farmers formed a drainage district, which began to significantly straighten the upper reach of the river (King County 2002a).  Lowering of the lake level, channelization of the river and construction of drainage ditches in the river valley eliminated much of the floodplain complexity, including wetlands, side-channels and many spring-fed streams that flowed into the river from adjacent hillsides.  Beginning in 1962, the Corps of Engineers systematically dredged and channelized the river into its current form, primarily to prevent flooding of adjacent farmland during high spring flows.  This action deepened the river five feet throughout the valley and hardened the river’s banks along much of its length, dramatically decreasing any remaining connection with the floodplain and cutting off most of the smaller tributaries as refuge or forage area (Martz et al. 1999).
1.2.  Summary of Previous Studies
Previous studies of water and sediment quality in the Sammamish River are limited.  Little or no work has been conducted to characterize the sediment quality or benthic community structure within the river.  In general, previous water quality evaluations have been limited to analysis of conventional parameters and nutrients.  While some metal analysis has been conducted, it has been limited both spatially and temporally.  Select reaches of the Sammamish River have frequently been on the Washington Department of Ecology (DOE) 303(d) list for temperature, dissolved oxygen, and fecal coliform.  Table 1 provides an overview of the available data.  
Table 1.  Historical Chemistry and Biological Data for Sammamish River

	Project
	Sampling Period
	Media
	# Stations
	Analyses

	Sammamish River Storm Sampling
	1993-1995
	Surface water
	19
	Conventionals, metals, bacteria

	Water Quality Monitoring of Northern Lake Washington Streams
	1979-2002
	Surface water
	5
	Conventionals, metals, bacteria


2.0.  Study Design
The primary objective of this study is to provide data to assess water and sediment quality in the Sammamish River.  Few studies have been designed to assess the overall water and sediment quality conditions in the Sammamish River.  Other than a limited number of sediment samples collected at the outlet of Lake Sammamish, the mouth of Lake Washington, and the mouths of some tributaries limited to mainly metals analysis, no sediment quality data are available for the Sammamish River.  This lack of information has made it difficult to assess the potential effects of sediment-associated chemicals on the aquatic organisms that reside in the river.  The limited water quality data available for the Sammamish River have also made it difficult to assess overall water quality conditions and their potential impact on aquatic life residing or migrating through the river.  As previously noted, available data indicate a number of conventional parameters frequently exceed water quality criteria, resulting in placement on the 303d list.  However, there is very limited data on concentrations of metals and organic compounds in the river and if any of these chemicals may be having an adverse impact on aquatic life.  King County will be collecting chemistry and benthic community data and will use a weight-of-evidence approach to evaluate potential risks to aquatic organisms.

There are multiple purposes for the data generated in this study.  The objectives of the Sammamish River Sediment and Water Quality Assessment are to:
· conduct an overall assessment of sediment and water quality conditions in the Sammamish River using chemical and biological data;

· provide a baseline dataset of water and sediment quality for the reclaimed water program (i.e., water reuse) for use in future planning and activities; 

· provide data for SWAMP modeling and assessment efforts; and
· provide additional data for development of a long-term monitoring plan for Sammamish River.
There will also be an opportunity to coordinate with the Small Streams Toxicity Study, which will provide analytical results for over 150 pesticides as well as water column toxicity data for several locations within the Sammamish River study area.  Methods for this study can be found in Small Streams Toxicity Study 2001 SAP Addendum (King County 2001).
2.1.  Station Locations
Sediment and water samples will be collected from ten locations in the Sammamish River for chemical analysis (Figure 2).  Sediment samples will also be collected from the same locations for analysis of benthic community structure.  In addition, water samples will be collected from two irrigation returns that drain into the Sammamish River (i.e., at 124th Street and 145th Street).  The sampling locations were located below all major tributaries and in the vicinity of potential contaminant sources (e.g., golf course, turf farm, boat launch etc.).
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Figure 2.  Sammamish River Sampling Stations

2.2.  Chemical and Biological Testing
Sediment

Sediment samples will be collected for chemical and biological testing using standardized equipment and procedures.  Sediment samples will be collected from the top 10 centimeters (cm) of the sample where possible enabling characterization of the biologically active zone.  Each sediment sample collected for chemical testing will consist of a composite of at least three individual grab samples.  At some stations, the limited depth of penetration obtained may require that additional grabs be collected to obtain adequate volume of sediment for analyses.  For benthic community analysis, three individual replicate sediment samples will be collected from each station.  
Water

Water samples will be collected as grab samples from the surface for chemical and pathogen testing using standardized equipment and procedures.  
2.2.1.  Chemical Testing
Sediment

Sediment samples collected from the Sammamish River will be analyzed for the conventional, metal, and organic parameters listed below:
· Conventionals - acid volatile sulfides (AVS), ammonia nitrogen, particle size distribution (PSD), percent solids, total organic carbon (TOC), extractable phosphorus, total phosphorus, and total sulfides;

· Metals - simultaneously extractable metals using AVS extract (AVS/SEM for cadmium, copper, lead, mercury, nickel, and zinc), and total metals analysis for antimony, arsenic, beryllium, cadmium, chromium, copper, lead, mercury, manganese, nickel, selenium, silver, thallium, and zinc; and

· Organics – low level base/neutral/acid extractable semivolatile compounds (LLBNAs), butyltin isomers, chlorinated herbicides, chlorinated pesticides, organophosphorus pesticides, polychlorinated biphenyls (PCBs), and petroleum hydrocarbons.
Surface Water

Surface water samples collected from the Sammamish River will be analyzed for bacterial, conventional, metal and organic constituents listed below:

· Bacteria – Escherichia coli, fecal coliform, and enterococcus.
· Conventionals – Ammonia nitrogen, fluoride, nitrate nitrogen, nitrate/nitrite nitrogen, ortho phosphorus, and total suspended solids.

· Metals (total and dissolved) – aluminum, antimony, arsenic, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, mercury, nickel, selenium, silver, thallium, and zinc.  Hardness by calculation.  Additional metals may be reported when results are available.  
· Organics – BNALLs including polynuclear aromatic hydrocarbons (PAHs), chlorinated herbicides, chlorinated pesticides, organophosphorus pesticides and PCBs.  
· Endocrine disrupting chemicals (EDCs) – bis(2‑ethylhexyladipate), bisphenol A, estradiol, estrone, ethynylestradiol, methyltestosterone, 4‑nonylphenol, progesterone, testosterone, and vinclozolin.  Estradiol and ethynylestradiol analyzed by both enzyme-linked immunosorbent assay (ELISA) and GC/MS in 2002 and 2003.  The collection and analysis of water samples for EDCs was subcontracted to the USGS in 2001.  USGS developed their own methodology (Wastewater method) which is described by Zaugg et al. 2002.  The target analyte list for the USGS method overlaps but is not identical to that of the King County Environmental Laboratory (KCEL).
2.2.2.  Field Parameters

The following field parameters will be collected during surface water sample collection: conductivity, pH, dissolved oxygen and temperature.

2.2.3.  Benthic Community Identification and Enumeration

Sediment samples will be collected for benthic community identification and enumeration.  The benthic community will be assessed using a variety of indices (e.g., abundance, diversity, and the abundance of stress-tolerant or intolerant species).
2.2.4.  Data Analysis

Sediment Chemistry and Biological Data

Chemical concentrations in sediment will be compared to sediment quality guidelines (e.g., Smith et al. 1996).  Benthic community indices will also be computed for diversity, dominance, richness and other metrics.  Using available data, a weight-of-evidence approach will be used to determine if there are areas in the Sammamish River which warrant further investigation.

Surface Water Data

Chemical concentrations in water will be compared to acute and chronic values from one of three sources, named in priority: Washington water quality standards for surface water (WAC 173‑201A), USEPA ambient water quality criteria for protection of aquatic life, or the lowest applicable values selected from in the ECOTOX database.  
2.3.  Data Quality Objectives

It is the intent of this study to produce data of sufficient quality to be able to meet the following project goals:

· Evaluate sediment and water quality conditions in the Sammamish River and to provide an assessment of current baseline conditions.  In addition, these data will be used to assist in calibration of the SWAMP hydrodynamic and fate and transport models of the lake.  Baseline data will be used to support development of the reuse program; and
· Allow for inclusion of the sediment data in Ecology’s sediment quality (SEDQUAL) database.
All project data will undergo rigorous quality assurance review, which will assess, among other things, accuracy, precision and bias, representativeness, completeness, and comparability.  

 2.3.1.  Precision, Accuracy, and Bias

Precision is the degree of agreement between replicate analyses of a sample under identical conditions and is a measure of the random error associated with the analysis, usually expressed as Relative Percent Difference (RPD) or Relative Standard Deviation (RSD).  Accuracy is the measure of the difference between an analytical result and the true value, usually expressed as percent.  The accuracy of a result is affected by both systematic errors (bias) and random errors (imprecision).  Bias is the systematic or persistent distortion of a measurement process that causes errors in one direction.  Precision, accuracy, and bias for water quality data may be evaluated by one or more of the following quality control (QC) procedures:

· Analysis of various laboratory QC samples such as method blanks, matrix spikes, certified reference materials, duplicates and positive and negative controls.

· Collection and analysis of field replicate samples.  Field replicate results should exhibit a relative percent difference less than 150% in order for the evaluation of the spatial and areal chemical concentrations to be meaningful.
· Hydrolab and laboratory QC results will be evaluated against the control limits presented in Section 6.2.  The acceptance limits defined by the laboratory will meet the needs of this project.

Precision, accuracy, and bias for benthic community analysis will be addressed by the collection of three replicate samples at each station.  Sediment data will be reviewed according to QA1 guidelines (PTI, 1989).
2.3.2.  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.  Samples for chemistry and benthic community analysis will be collected from stations with pre-selected coordinates to represent specific site locations and/or fill data gaps.  Sediment and surface water chemistry, and benthic community analysis will be performed on samples collected simultaneously, to minimize variation in the chemical, biological, and physical composition of the sediments.  Following the guidelines described for sampler decontamination, sample acceptability criteria, and sample processing (Section 4) will help ensure that samples are representative.  Laboratory representativeness is achieved by proper preservation and storage of samples along with appropriate subsampling and preparation for analysis.

2.3.3.  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 to be analyzed.  Sampling at stations with known position coordinates in favorable conditions, along with adherence to standardized sampling and testing protocols will aid in providing a complete set of data for this project.  The goal for completeness is 100 percent.  If 100 percent completeness is not achieved, the program manager will evaluate if the data quality objectives can still be met or if additional samples may need to be collected and analyzed.

2.3.4.  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 validation and reporting procedures.  By following the guidance of this SAP, the goal of comparability will be achieved.  
3.0.  Project Management and Schedule

Project team members and their responsibilities are summarized in Table 2.  All team members are staff of the King County Department of Natural Resources and Parks.

Table 2.  Project Team Members and Responsibilities
	Name/Telephone
	Title
	Affiliation
	Responsibility

	Deb Lester

(206) 296-8252
	Senior Water Quality Planner
	Science and Technical Support
	Project manager for the Sammamish River Sediment and Water Quality Study.

	Katherine Bourbonais

(206) 684-2382
	Laboratory Project Manager
	Environmental Laboratory
	Coordination of analytical activities, lab QA/QC, and data reporting.

	Jean Power

(206) 684-2393
	Environmental Laboratory Scientist
	Environmental Laboratory
	Coordination of sampling activities, field QA/QC, and field analyses.

	Tom Fox

(206) 296-5279
	Water Reuse Coordinator
	Wastewater Treatment Division
	Water Reuse Program Manager

	Colin Elliott

(206) 684-2343
	Quality Assurance Officer
	Environmental Laboratory
	Overall project QA/QC

	Dean Wilson

(206) 296-8252
	Senior Water Quality Planner
	Science and Technical Support
	Program Co-Manager for SWAMP.


The initial sampling event will occur during two or three separate field events in late August/early September of 2001.  Collection of water samples will be coordinated with USGS in 2001.  Subsequent sampling for collection of baseline data will occur at approximately the same time of year as initial samples were collected.  Chemistry data from the initial baseline assessment will be available for quality assurance review in November, 2001 and data analysis will be completed by January, 2002.  A data report for sampling through 2003 will be completed by mid-year 2004.
4.0.  Sample Collection Methods and Techniques

This section describes sample collection procedures that will be followed by King County staff through the project to help ensure that project data quality objectives are met.  Included in this section are health and safety requirements, station positioning, sample collection and processing procedures, and field documentation.  As noted, USGS has developed their own sample collection and analysis methodologies.  A description of their field procedures can be found in Frans (2002).
4.1.  Station Positioning

Station positioning will be accomplished using a Differential Global Positioning System (DGPS) which will collect and record geographic coordinate data in real time.  Real-time navigational capability is achieved through the use of Trimble Aspen“ software on a shipboard laptop computer; this will be used for samples collected from the RV Chinook.  The shipboard DGPS system will utilize the differential coordinate data transmissions from the regional Coast Guard base station to automatically correct its navigational satellite data.  The DGPS antenna is mounted as near as possible to the grab sampler descent line to achieve the most accurate coordinate fix above the sampling point.  Previous use of the DGPS indicates that a precision of + one meter can usually be achieved.  Samples will be collected when the DGPS indicates that the sampling location is within five meters of the predetermined coordinates.  Coordinates will be recorded for each Petite Ponar deployment when sampling from a boat.  At some stations, low surface water levels may limit boat access and require sampling on foot.  When sampling on foot, coordinates will be collected once at each station.  A 12‑channel handheld Garmin GPS unit will be used to collect coordinates at these stations.  Proposed station coordinates are shown in Table 3.

Table 3.  Sampling Station Coordinates

	Station Name
	LIMS locator
	Latitude
	Longitude

	WDFW Boat Launch
	0450
	47.75444
	-122.24992

	Bothell Landing Park Bridge
	0450A or SMT 3.20
	47.75783
	-122.20694

	Below Little Bear Creek
	SAMM_LITTLEBEARMOUTH
	47.75478
	-122.16895

	Below Woodin Creek
	SAMM_WOODIN_MOUTH
	47.74883
	-122.16322

	145th Street Bridge
	SAMM_BRIDGE_145
	47.73275
	-122.14549

	145th Street Bridge Irrigation Return
	SAMM_IRR_RETURN_145
	47.73272
	-122.14554

	124th Street Bridge
	0450C
	47.71145
	-122.14291

	124th Street Bridge Irrigation Return
	SAMM_IRR_RETURN_124
	47.71125
	-122.14286

	116th Street Bridge
	SAMM_BRIDGE_116
	47.70413
	-122.14303

	90th Street Bridge
	SAMM_BRIDGE_90
	47.68226
	-122.13242

	Below Bear Creek
	SAMM_BEAR_MOUTH
	47.66812
	-122.12649

	Marymoor Park
	0486
	47.66236
	-122.12444


Note: units are decimal degrees.

4.2.  Sample Collection Methodologies

4.2.1.  Sediment and Benthic Community Samples

Due to variability in depth and bottom substrate, and limitation of boat access at a number of the Sammamish River sampling locations, it will be necessary to collect samples using a variety of methods.  Boat access is only possible for the northern-most locations.  It will be necessary to collect the remainder of the samples by wading in the river.  Surface sediment grab samples for chemistry and benthic community samples will be collected with a Petite Ponar or Ekman grab sampler, polyvinylchloride (PVC) core tubes, or stainless steel spoons.  The type of the sampling device used should be noted in the field notes.  
Grab samplers are designed to consistently collect undisturbed samples at the required depth below the sediment surface.  Collection of undisturbed sediment requires that the sampler:

· create a minimal bow wake when descending;

· form a leakproof seal when the sediment sample is taken; and
· prevent winnowing and excessive sample disturbance when ascending; and

The Petite Ponar grab sampler is designed to be deployed mechanically, i.e., from a hydrowire or winch and not by hand.  This sampler will be used at deeper water stations where the bottom typically cannot be seen and sediments are generally soft.  In areas of mixed or rocky substrate, this type of sampler tends to jam often and not collect acceptable samples.  For samples collected using the boat, the Petite Ponar sampler will be deployed from the bow of the Chinook.  The chain-rigged grab sampler is attached to a hydrowire (5/32-inch diameter) by a shackle and ball-bearing swivel and is deployed by hydraulic winch and A-frame assembly.  The sampler is equipped with a safety pin that is removed just prior to deployment.  The grab sampler is fitted with screened top doors covered with rubber flaps.  Upon descent, the flaps are forced open to minimize the bow wake and, upon ascent, the flaps are forced closed to prevent sample winnowing.  The grab sampler is also designed to prevent sample leakage.

When sampling from the boat, the grab sampler will be lowered at a controlled speed of approximately 1‑meter per second until near the bottom, at which time the speed will be decreased to approximately 1 foot per second.  Under no circumstances will the grab sampler be allowed to free fall to the bottom as this may result in premature triggering, an excessive bow wake or improper orientation upon contact with the bottom.  When wading is necessary, the Petite Ponar will be lowered with control at the station using the attached rope.  The grab sampler should contact the bottom gently and only its weight should be used to force it into the sediment.

After a sample has been obtained, the grab sampler will be raised slowly off the bottom to allow it to close gently.  When the sampler is free of the bottom, the ascent speed may be increased to as much as 1 meter per second.  Care will be taken in rough conditions to ensure that minimal sample disturbance occurs when bringing the grab sampler on board.  Once onboard, sampler contents will be carefully emptied into a field box, maintaining sample integrity prior to filling sample containers or further processing, if needed.  
The Ekman grab sampler may be used to collect AVS samples since the sampler has top doors facilitating removal of an intact sample.  However, this type of grab sampler is very lightweight and may or may not have acceptable bottom penetration.  If using the Ekman sampler when wading, the sampler should be carefully raised straight up until out of the water after the sample is grabbed.  Then, the sampler should be carried to the established sample processing area on shore without any physical disturbances.

The PVC core tubes are designed to be used in a stream environment, typically where water is less than 3 feet deep.  Core tubes work well in areas of mixed substrate where the bottom is visible and rocks and debris can be avoided, and penetration depth controlled.  The core tubes are cleaned at the King County Laboratory using Detergent 8 and tap water, with repeated final rinsings with deionized water.

Samples are collected from beneath a shallow aqueous layer (<3 ft) using a precleaned PVC core tube to penetrate the bottom sediment of the river to a depth of 5 to 10 cm.  A stainless steel spatula or gloved hand is inserted under the core tube mouth to trap the sediment inside, and the tube is removed from the water.  The tube can be slowly angled to the side to allow excess water to drain off, but care should be taken not to allow any fines to escape.  The sediment in the tube is then transferred into the stainless steel compositing container.  This process is repeated a minimum of five times to acquire an appropriate amount of material to fill all sample containers after compositing.  If core tube penetration is poor, or the substrate is rocky or gravelly, additional core tubes may be collected.  
Sampling personnel will use core tubes to collect a minimum of five subsamples into a stainless steel bucket.  More subsamples can be collected in order to acquire enough material to fill all sample containers for analyses.  After material is collected, if there is excess water in the compositing container, it can be decanted off once fines have been allowed to settle.  A stainless steel spoon or spatula is used to homogenize the sample by stirring.  Rocks or other debris a half inch in diameter or larger can be removed and discarded.

Once a sample has been collected with a core tube, the sediment is carefully emptied from the tube into a field box for further processing if needed.  If the bottom substrate is so rocky that core tubes will not penetrate, a stainless steel spoon may be used to scrape up whatever sediment is present.

4.2.2.  Surface Water
Samples will be grab sampled by hand dipping.  This method is described in King County Environmental Lab’s “River and Stream Water Sampling” SOP #02-02-004-000.  Trace metals analysis requires using the “Clean Hands/Dirty Hands” methodology for trace metals described in the King County Environmental Lab’s “Clean Sampling for Ultra Trace Metals, Trace Organics, Microbiology, and Conventional Chemistry Parameters Using Surface Grabs” SOP #02-02-013-000.
4.3.  Sample Acceptability Criteria

4.3.1.  Petite Ponar Sampler

Since the Petite Ponar Sampler is not equipped with hinged upper doors, sample evaluation must be conducted using the best professional judgment of the sampling crew.  Observations may include sample color, gross grain size distribution, odor, sheen, and the presence of surficial debris such as plant or animal material.  If surficial or other debris is removed prior to sample processing, it will be noted in the field notes for that sample or replicate.  The Petite Ponar sampler can only penetrate the sediment to 10 cm since this is the internal height of this type of sampler.

Because the samples collected with the Petite Ponar for benthic invertebrates will be immediately placed in a sieve box to be rinsed, it will not be necessary to drain overlying water before retrieving the sample.  Prior to actual sieving of analytical samples, appropriate field measurements, and observations will be recorded on field notes.  Field measurements will include sample depth and an estimate of the percent fine material in the sample.  
4.3.2.  Ekman Grab Sampler

The Ekman Sampler is equipped with opening upper doors, so the sampled material can be inspected without disturbing the collected material.  It is typically used to collect a sample for acid volatile sulfides as the method for AVS samples calls for field personnel to fill the lab container from an undisturbed portion of sediment.  Field personnel will open the tops doors, inspected the sample to ensure that it has not been disturbed by winnowing or motion, and that it is like in appearance to other samples collected at the same site.  If it meets these criteria, field personnel will use a small stainless steel spoon to remove material from the grab and fill the appropriate lab container, leaving no headspace in the jar.

4.3.3.  PVC Core Tubes

Because the core tubes are made from an opaque material, the sediment collected with a core tube cannot be inspected until it has been transferred from the tube into another container.  Once excess water has been drained from the top of the core tube, field personnel can either transfer the solid material into an intermediary container for inspection, or directly into the compositing container if it is likely the sample will meet acceptability criteria.  The sample is considered acceptable if it has penetrated the substrate to a depth not greater than 10 cm, has not lost a significant amount of fine material via water drainage, and is generally like the other samples collected at the site.

4.4.  Sample Processing

Sediment samples for chemical analysis will be comprised of sediment composited from three or more separate grab deployments.  Samples for triplicate benthic community analysis will be collected from three separate grab deployments and treated as three replicate individual samples at each sampling location.  The surface water grab samples will be collected directly by sample bottle by King County staff, thus, no compositing will be performed before sample allocation.  Replicate surface water samples will be collected in accordance with QC requirements.  As noted in Section 4.0, USGS has developed their own procedures for collection and processing of surface water samples.
4.4.1.  Chemistry Testing

A sample aliquot will be collected with a stainless steel spoon from the top 10 cm of sediment in the Petite Ponar sampler and placed in the stainless steel bowl for compositing.  For other samplers, the entire contents of the device are will be transferred to the bowl for compositing.  Approximately 2 liters of sediment are required to provide sufficient sample material for chemical analysis.  Separate bowls and spoons will be available for each station to prevent cross contamination.  The sample aliquot for total sulfide analysis will be preserved in the field by minimizing head space in the sample container and adding five milliliters of 2N zinc acetate.  After the jar for total sulfides is filled, it will be transferred away from the sample processing area for the addition of the zinc acetate preservative.  Depending on the sampling platform, this will be done from 8 to 15 or more feet away.  When sampling from the Chinook, the farthest possible distance of 8 feet is observed.  This will minimize the potential of contaminating the other samples with zinc.  Once filled and capped, all sample containers will be stored in an insulated, ice-filled cooler until delivered to the analytical laboratory.

Surface water samples will be collected by King County staff using the sample bottles and no further sample transfer will be required.  All samples are to be placed in a cooler with ice and a plastic barrier.  This will keep the samples at or near the required 4° C until they arrive at the lab.

4.4.2.  Sample Compositing Procedures

Sediment chemistry samples will be composited.  Because sample aliquots will be collected from multiple sampler deployments, the compositing bowl will be covered with aluminum foil between deployments to minimize contamination from the immediate environment and stored in an ice chest or cooler.  Separate bowls and spoons will be available for each station to prevent cross contamination.  After approximately 2 liters of sediment have been collected, the sample will be thoroughly homogenized and transferred to pre-labeled, laboratory-supplied containers.  
4.4.3.  Benthic Sample Analysis

Upon retrieval, the grab sampler will be placed either on shore or on the boat deck and the sample inspected.  If the sample is found acceptable, appropriate field observations will be recorded on the field notes.  The entire contents of the sampler will be placed into a 541 (m (No. 30 mesh) sieve over a bucket/tub and gently rinsed with river water to remove excess sediment.  To avoid overloading the sieve, it may be necessary to process a portion of the sample at a time.  EPA (1990) recommends that some level of sieving should be conducted while animals are still alive.  Once preserved, some animals become quite fragile, and if subjected to sieving will be broken up, lost, or rendered unidentifiable.  

Any large debris (e.g., rocks, sticks, etc.) collected with the sample can be removed prior to sieving; however, care should be taken to remove any organisms that may be attached to this material.  The processed sample (i.e., sieved) will be carefully placed in a 1-liter plastic container and labeled.  Bottles should not be filled to greater than 2/3 their volume to allow sufficient space for preservative to be added.  The label will include Station ID, Replicate Number, Date, Sampler (e.g., Petite Ponar, etc.), and initials of the field crew collecting the samples.  After processing each sample, the sieve will be checked to make sure no organisms were accidentally retained in the mesh.  All samples will be preserved with 70% alcohol.  A sufficient volume of alcohol will be added to the sample container so that the entire volume of “processed sample” is covered with alcohol.

Final processing of the benthic samples will be completed by the subcontracted laboratory.  Caton subsampling devices will be used, divided into 30 grids, each approximately 5 cm by 6 cm, for all sample handling.  Using 10x - 30x magnification under dissecting microscopes, technicians will remove all organisms from the contents of each grid.  Sorted substrate and unsorted remainders for all samples are retained and stored until completion of the project (Rhithron, no date).  Once the samples have been sorted the taxonomic analysis will be conducted.  All organisms will be identified to the lowest practical level.
4.5.  Sampler Decontamination

The grab sampler will be decontaminated between sampling stations as necessary by rinsing with site water, scrubbing with a brush to remove excess sediment followed cleaning with a weak solution of Detergent 8 followed by thorough rinse with deionized water.  Sediment samples collected for this study are not anticipated to be contaminated with fuels or other organic constituents at levels that would require solvent or acid decontamination of samplers.  Core tubes, stainless steel spoons, and bowls are cleaned in the laboratory with Detergent 8, and rinsed with deionized water.  Additionally, core tubes will be cleaned with sulfuric acid, rinsed thoroughly with deionized water and allowed to air-dry prior to use in the field.  These pieces of sampling equipment are designated for use at a single station in the field.  
Decontaminated water bottles are supplied by the laboratory and the sample bottle is used as the water sampler.  Thus, no equipment decontamination is required in the field for surface water sampling by King County staff.

4.6.  Sample Documentation

This section provides guidance for documenting sampling and data gathering activities.  The documentation of field activities provides important project information that can support data generated by laboratory analyses.
4.6.1.  Sample Numbers and Labels

Unique sample numbers will be assigned to each sampling location for which sediment, surface water and benthic community samples are collected.  Sample numbers will be assigned prior to the sampling event and waterproof labels generated for each sample container.  

4.6.2.  Field Notes

Field notes will be maintained for all field activities, both the collection of samples and the gathering of environmental data.  Field notes will be kept on water-resistant paper and all field documentation will be recorded in indelible, black ink.  Field notes will be recorded on pre-printed field sheets, prepared specifically for this project.  A sample field sheet is shown in Figure 3.  Information recorded on field notes will include, but not be limited to:

· names of field personnel,

· sample or station number,

· sample station locator information,

· sample depth (water depth above the surface of the sediment for sediment samples),

· date of sample collection,

· physical characteristics of sediment such as color, gross grain size distribution, debris, and odor.
Additional information that may be recorded on the field sheets includes sampling methodology, time of sample collection, and any deviations from established sampling protocols.  Additional anecdotal information pertaining to observations of unusual sampling events or circumstances may also be recorded on the field sheets.

4.6.3.  Field Analytical Results

Field analytical results will be recorded on field sheets in a manner that easily identifies the information as analytical data.  All entries will be recorded in waterproof, indelible black ink.

4.6.4.  Station Coordinates

GPS coordinates for each set of collected will be recorded and stored in electronic spreadsheets.


Figure 3.  Field Sheet (Example)

5.0.  Sample Handling Procedures

Consistent sample handling procedures are necessary to maintain sample integrity and provide high-quality defensible data.  This section provides requirements for proper sample containers, labeling, preservation and storage, and chain-of-custody.

5.1.  Sample Containers and Labels

All samples will be collected into pre-cleaned, laboratory-supplied containers affixed with computer-generated labels.  Sediment sample containers will be selected based on Puget Sound Protocol guidelines (PSEP, 1996) and/or standard laboratory practice.  Information contained on sample labels will include a unique sample number, information about the sampling location, collection date, requested analyses, and information about any chemical used in sample preservation.  Required sample containers are summarized in Tables 4 and 5.

Table 4.  Sediment Sample Containers, Preservation, and Holding Times

	Analysis
	Container
	Preservation
	Holding Time

	Benthic Community Analysis 
	1-L HDPE1
	70% ethanol
	Until sorted at subcontract lab

	AVS/SEM
	4-oz Glass (no head space)
	Refrigerate
	14 Days

	Ammonia Nitrogen
	8-oz Glass4
	Freeze
	6 Months 5

	PSD
	16-oz Glass
	Refrigerate
	6 Months

	Percent Solids
	8-oz Glass (w/Ammonia)
	Freeze
	6 Months

	Phosphorus (Extractable)
	8-oz Glass (w/Ammonia)
	Freeze
	6 Months 5

	Phosphorus (Total)
	8-oz Glass (w/Ammonia)
	Freeze
	6 Months 5

	Sulfide (Total)
	4-oz Glass (2N Zn Acetate)
	Refrigerate
	7 Days

	TOC
	8-oz Glass (w/Ammonia)
	Freeze
	6 Months 6

	Mercury 
	250-mL HDPE
	Freeze
	28 Days

	Other Metals
	250-mL HDPE (w/Mercury)
	Freeze
	2 Years

	BNALLs
	16-oz glass
	Freeze
	1 Year3

	Butyltin Isomers
	8-oz glass
	Freeze
	1 Year3

	Chlorinated Herbicides
	8-oz glass
	Freeze
	1 Year3

	Chlorinated Pesticides
	16-oz glass (w/BNAs)
	Freeze
	1 Year3

	Organophosphorus Pesticides
	8-oz glass
	Freeze
	1 Year3

	Petroleum Hydrocarbons
	8-oz glass/4-oz glass2
	Refrigerate
	14 Days

	PCBs
	16-oz glass (w/BNAs)
	Freeze
	1 Year3


Notes:  All glass containers will come with Teflon“-lined lids.
1One container per replicate.
2One 8-oz container for analysis of NWTPH-HCID and NWTPH-D and one 4-oz container for analysis of NWTPH-G if detected during 

   HCID analysis.
3One year to extraction if frozen and then 14 days to prep after thawing.  Extracts need to be analyzed in 40 days.
4One 8-oz glass one 4-oz glass to be frozen as backup.
5 Liquid extracts follow the same preservation holding times outlined in Table 5.
6 Refrigerated samples have a 14 day holding time.  The same holding times apply to prepared samples.
Table 5.  Water Sample Containers, Preservation, and Holding Times

	Analysis
	Container
	Holding Time

	Enterococcus
	500 mL PP, Sterile
	24 hours

	Escherichia coli
	500 mL PP, Sterile
	24 hours

	Fecal Coliforms
	500 mL PP, Sterile
	24 hours

	Ammonia Nitrogen
	125 mL HDPE CWM
	2 days (1,2,3)

	Nitrate/Nitrite Nitrogen, Nitrate Nitrogen
	125 mL HDPE CWM
	2 days (1,2,3)

	Ortho Phosphorus
	125 mL HDPE CWM
	2 days (1,3)

	Total Suspended Solids
	1 L HDPE CWM
	7 days

	Total Metals and Calculated Hardness*
	500 mL HDPE, acid washed, double-bagged
	6 months

	Dissolved Metals*
	500 mL HDPE, acid washed, double bagged
	6 months

	Total Mercury
	250 mL fluoropolymer, acid washed, double bagged
	28 days

	Dissolved Mercury
	250 mL fluoropolymer, acid washed, double bagged
	28 days

	EDC – ELISA
	One 500 mL amber glass
	 11 days

	BNALL
	Two 1 L amber glass
	7 days to extract, 40 days to analyze

	Chlorinated Herbicides
	One 125 mL amber glass
	7 days to extract, 40 days to analyze

	Chlorinated Pesticides and PCBs
	Two 1 L amber glass
	7 days to extract, 40 days to analyze

	EDCs
	One 1L amber glass
	7 days to extract, 40 days to analyze

	Organophosporus Pesticides
	One 1L amber glass
	7 days to extract, 40 days to analyze


Notes:

1.Must be filtered through a 0.45 micron filter ASAP or within 1 day of collection.

2.Filtered samples may be preserved with sulfuric acid to a pH < 2.  Maximum holding time for preserved samples is 28 days.  Samples must be analyzed or preserved within 2 days of collection.

3.Filtered samples may be preserved by freezing at –18° C.  Maximum holding time for frozen samples is 14 days.

* - Total and dissolved metals analyses include aluminum, antimony, arsenic, beryllium, cadmium, calcium, chromium, copper, iron, lead, magnesium, nickel, selenium, silver, thallium and zinc.

5.2.  Sample Preservation and Storage Requirements

Samples will be stored according to KCEL chain of custody procedures and maintained as such throughout the analytical process.  Depending on the type of analysis, samples will be stored either refrigerated at a temperature of approximately 4_ C or frozen at approximately ‑18_ C.  Sample preservation requirements and storage conditions as well as analytical holding times are summarized in Tables 4 and 5 above.

5.3.  Chain-of-Custody Procedures

Field chain-of-custody procedures will be followed from the time a sample is collected until it is relinquished to the analytical laboratory.  Laboratory supplied field sheets with appropriate signatures and dates will be used to document chain-of-custody in the field.  Information to be included on the fieldsheet will include sample number, date of sampling, names of all sampling personnel, and requested analyses.  

A sample will be considered to be “in custody” when in the possession of sampling personnel or in a secured sampling area such as onboard the research vessel while not docked.  Samples will not be considered in custody when left unattended onboard the vessel while docked or in an unlocked field vehicle.  Custody seals will be placed on the sample cooler when it is not in the custody of a member of the sampling team.

Chain-of-custody will be maintained throughout the analytical phase of the project according to standard King County Environmental Laboratory protocols and any subcontracting laboratory standard operating protocols.

6.0.  Laboratory Analytical Methods

Adherence to standardized analytical protocols and associated QA/QC guidelines for both chemical and biological testing will help produce data able to undergo the rigors of data analysis and meet the project goals and objectives.

6.1.  Testing Requirements

This section presents the chemical and biological methodologies that will be employed during this project, along with associated detection limits where appropriate.  For chemical analyses, the King County Environmental Laboratory distinguishes between a method detection limit (MDL) and a reporting detection limit (RDL).

· The MDL is defined as the minimum concentration of a chemical constituent that can be detected.

· The RDL is defined as the minimum concentration of a chemical constituent that can be reliably quantified.
6.1.1.  Sediment

This section describes analytical methodologies and associated QA/QC protocols that will be employed during analysis of sediment.  The King County Environmental Laboratory will perform all analyses unless otherwise noted.

6.1.1.1.  Conventional Analyses 

Conventional analyses, analytical methods, and associated detection limits (wet weight) are summarized in Table 6.  Analytical Resources, Inc. in Seattle, Washington will be the subcontractor for AVS analyses in 2001 while AmTest, Inc. in Redmond, Washington will perform particle size distribution (PSD) and Total Sulfides analysis.  AVS, PSD, and total sulfide analyses will be subcontracted to AmTest, Inc in 2003.  All other conventional analyses will be performed at the King County Environmental Laboratory.

Table 6.  Conventional Analytical Methods and Detection Limits
	Analysis/Method
	Method Summary
	MDL
	RDL

	AVS

EPA, 19911
	Acidification with Purge and Trap followed by colorimetric for AVS
	10 mg/Kg, dry weight
	NA

	Ammonia

SM 4500-NH3 
	KCl Extraction with Nutrient Autoanalyzer
	0.25 mg/Kg
	0.5 mg/Kg

	Particle Size Distribution

ASTM D422 
	Sieve/Hydrometer
	0.1%
	0.1%

	Percent Solids

SM 2540-G
	Gravimetric
	0.005%
	0.01%

	Phosphorus (Extractable)

SM 4500-P
	Sodium bicarbonate extraction with Nutrient Autoanalyzer
	0.50 mg/Kg
	1.25mg/Kg

	Phosphorus (Total)

EPA 3050A/SM 4500-P
	Acid Digestion with

Nutrient Autoanalyzer
	0.25 mg/Kg
	0.63mg/Kg

	Sulfide (Total)

EPA 9030
	Distillation with Ion colorimetric method
	5 mg/Kg
	5 mg/Kg

	Total Organic Carbon

SM 5310-B
	High Temp. Combustion with Infrared Spectroscopy
	5 mg/Kg
	10 mg/Kg


Notes:
NA – Not applicable.

1EPA, 1991.  Analytical Method for Determination of Acid Volatile Sulfide and Selected Simultaneously Extractable Metals in Sediment.  Office of Science and Technology.  Washington, D.C.

6.1.1.2.  Metal Analyses and Detection Limits 

Target elements, analytical methods, and associated detection limits (wet weight) are summarized in Table 7.  The King County Environmental Laboratory will perform all metal analyses.  With the exception of mercury, all metals will initially be analyzed by Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES).  Those elements for which ICP-OES results are less than the method detection limit will subsequently be analyzed by inductively coupled plasma mass spectroscopy (ICP-MS) to achieve a lower detection limit.  Mercury analysis will be analyzed by cold vapor atomic absorption spectroscopy (CVAA).  SEM extracts (generated during AVS analysis) will be analyzed by ICP-OES with the exception of mercury analysis which will be by CVAA.
Table 7.  Metals Analytical Methods and Detection Limits
	Element/Digestion Method
	Analytical Method
	MDL (mg/Kg wet weight)*
	RDL (mg/Kg wet weight)*

	Antimony - EPA 3050A 
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	1.5
0.125
	7.5
0.625

	Arsenic - EPA 3050A 
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	2.5
0.125
	12.5
0.625

	Beryllium - EPA 3050A 
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	0.05
0.05
	0.25
0.25

	Cadmium - EPA 3050A 
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	0.15
0.025
	0.75
0.125

	Chromium – EPA 3050A 
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	0.25
0.1
	1.25
0.5

	Copper - EPA 3050A
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	0.2
0.1
	1.0
0.5

	Manganese – EPA 3050A 
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	0.1
0.05
	0.5
0.25

	Lead - EPA 3050A
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	1.5
0.05
	7.5
0.25

	Mercury - EPA 7471A
	CVAA
	0.02
	0.2

	Nickel – EPA 3050A
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	1.0
0.075
	5.0
0.375

	Selenium - EPA 3050A 
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	2.5
0.375
	12.5
1.875

	Silver – EPA 3050A 
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	0.2
0.05
	1.0
0.25

	Thallium - EPA 3050A 
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	10
0.05
	50
0.25

	Zinc – EPA 3050A 
	ICP-OES (EPA 6010B)
ICP-MS (EPA 6020)
	0.25
0.125
	1.25
0.625


Notes:
* MDL and RDL values are nominal.  Actual values reported may vary based on the presence or absence of matrix interference in the samples.

6.1.1.3.  Organic Analyses and Detection Limits 

Organic analyses, methodologies, and associated detection limits (wet weight) are summarized in Table 8.  Chlorinated herbicide analysis will be performed by Severn Trent Laboratory (STL) Seattle in Tacoma, Washington, formerly known as Sound Analytical Services, Inc.  The King County Environmental Laboratory will perform all other organic analyses.
Table 8.  Organic Analytical Methods and Detection Limits
	Analysis/Method
	Method Summary
	MDL (mg/Kg)
	RDL (mg/Kg)

	BNAs
EPA 8270
	Gas Chromatography with Mass Spectroscopy
	11 to 640
	16 to 1,280

	Butyltin Isomers
KCEL SOP1
	Gas Chromatography with Mass Spectroscopy (SIM2)
	0.35 to 1.7
	0.7 to 3.4

	Chlorinated Pesticides/PCBs
EPA 8081A/8082
	Gas Chromatography with Electron Capture Detector
	1.3 to 13
	2.7 to 27

	Chlorinated Herbicides
EPA 8151 
	Gas Chromatography with Mass Spectroscopy (SIM2)
	10
	10

	Organophosphorus Pesticides
EPA 8141A
	Gas Chromatography with Mass Spectroscopy (SIM2)
	20 to 53
	33 to 100

	Petroleum Hydrocarbons
NWTPH-HCID (Identification)3
	Gas Chromatography with Flame Ionization Detector
	20 to 200 mg/Kg
	20 to 200 mg/Kg

	Petroleum Hydrocarbons
NWTPH-G (Gasoline)3
	Gas Chromatography with Flame Ionization Detector
	5 to 10 mg/Kg
	5 to 10 mg/Kg

	Petroleum Hydrocarbons
NWTPH-Dx (Diesel Extended)3
	Gas Chromatography with Flame Ionization Detector
	25 to 50 mg/Kg
	25 to 50 mg/Kg


Notes:
1King County Environmental Laboratory SOP is a combination of methods from Unger et al, 1986; Krone et al, NOAA, 1989; and the Washington State Department of Ecology Manchester Laboratory standard operating procedure.

2Selected Ion Monitoring Mode

3Petroleum hydrocarbon identification (HCID) will be analyzed first and, based on results, gasoline-range and/or diesel-range hydrocarbon analysis will then be performed.

6.1.2.  Surface Water

This section describes analytical methodologies and associated QA/QC protocols that will be employed during analysis of surface water.  The King County Environmental Laboratory will perform all analyses unless otherwise noted.

6.1.2.1.  Conventional Analyses 

Conventional parameters include ammonia nitrogen, nitrate/nitrite nitrogen, ortho phosphorus, total nitrogen, total phosphorus, total suspended solids, alkalinity, conductivity, turbidity, total organic carbon and dissolved organic carbon.  The methods and detection limits for conventional parameters are presented in Table 9. 
Table 9.  Conventional Parameters Methods and Detection Limits 

	Analyte
	Method
	MDL
	RDL
	Units

	Ammonia Nitrogen
	SM4500-NH3-G
	0.01
	0.02
	mg/L

	Nitrate/Nitrite Nitrogen
	SM4500-NO3-F
	0.02
	0.04
	mg/L

	Ortho Phosphorus
	SM4500-P-F
	0.002
	0.005
	mg/L

	Nitrate Nitrogen
	SM4500-NO3-F
	0.02
	0.04
	mg/L

	Fluoride
	SM4110B
	0.02
	0.04
	mg/L

	Total Suspended Solids
	SM2540-D
	0.5
	1.0
	mg/L


6.1.2.2.  Microbiology

Escherichia coli, enterococcus and fecal coliform bacteria are the microbiological parameters that will be analyzed.  Microbiological methods and detection limits are presented in Table 10.
Table 10.  Microbiology Parameters Methods and Detection Limits 

	Analyte
	Method
	MDL

	Enterococcus
	SM9230C, 20th ed.
	1 CFU/100 mL

	Escherichia coli
	SM9213D, 20th ed.
	1 CFU/100 mL

	Fecal Coliforms
	SM9222D, 20th ed.
	1 CFU/100 mL


Notes
CFU = Colony forming units

6.1.2.3.  Trace Organics

Trace organics parameters analyzed on a routine basis include base/neutral/acid extractable semivolatile compounds (BNAs), chlorinated pesticides, polychlorinated biphenyls (PCBs), organophosphorus pesticides, and chlorinated herbicides.  Chlorinated herbicide analyses will be subcontracted to STL Seattle.  As previously noted, USGS conducted sampling and analysis for some EDCs and other organic compounds using their “Wastewater Analysis” method in 2001.  Estradiol and ethynyl estradiol analysis using ELISA will be conducted by KCEL for water samples collected after 2001.  The analytical methods and detection limits for trace organics are presented in Table 11.  These detection limits are based on one liter of sample extracted and concentrated to a final volume of 1 mL.
Table 11.  Trace Organic Parameters Methods and Detection Limits

	Analyte
	Method (Preparation/Analysis)
	MDL
((g/L)
	RDL
((g/L)

	BNAs
	
	
	

	1,2,4-Trichlorobenzene
	EPA 3520C/8270C
	
0.010
	
0.050

	1,2-Dichlorobenzene
	EPA 3520C/8270C
	
0.050
	
0.250

	1,3-Dichlorobenzene
	EPA 3520C/8270C
	
0.050
	
0.250

	1,4-Dichlorobenzene
	EPA 3520C/8270C
	
0.050
	
0.250

	2,4,5-Trichlorophenol
	EPA 3520C/8270C
	
0.125
	
0.250

	2,4,6-Trichlorophenol
	EPA 3520C/8270C
	
0.050
	
0.250

	2,4-Dichlorophenol
	EPA 3520C/8270C
	
0.100
	
0.250

	2,4-Dimethylphenol
	EPA 3520C/8270C
	
1.500
	
5.000

	2,4-Dinitrophenol
	EPA 3520C/8270C
	
1.000
	
2.500

	2,4-Dinitrotoluene
	EPA 3520C/8270C
	
0.050
	
0.125

	2,6-Dinitrotoluene
	EPA 3520C/8270C
	
0.050
	
0.125

	2-Chloronaphthalene
	EPA 3520C/8270C
	
0.010
	
0.050

	2-Chlorophenol
	EPA 3520C/8270C
	
0.100
	
0.250

	2-Methylnaphthalene
	EPA 3520C/8270C
	
0.100
	
0.500

	2-Methylphenol
	EPA 3520C/8270C
	
0.250
	
2.500

	2-Nitroaniline
	EPA 3520C/8270C
	
0.100
	
0.200

	2-Nitrophenol
	EPA 3520C/8270C
	
0.050
	
0.250

	3,3’-Dichlorobenzidine
	EPA 3520C/8270C
	
0.750
	
5.000

	3-Nitroaniline
	EPA 3520C/8270C
	
0.500
	
1.250

	4,6-Dinitro-O-Cresol
	EPA 3520C/8270C
	
1.000
	
2.500

	4-Bromophenyl Phenyl Ether
	EPA 3520C/8270C
	
0.025
	
0.050

	4-Chloro-3-Methylphenol
	EPA 3520C/8270C
	
0.250
	
0.500

	4-Chloroaniline
	EPA 3520C/8270C
	
0.250
	
0.500

	4-Chlorophenyl Phenyl Ether
	EPA 3520C/8270C
	
0.025
	
0.050

	4-Methylphenol
	EPA 3520C/8270C
	
0.250
	
1.250

	4-Nitroaniline
	EPA 3520C/8270C
	
0.500
	
1.250

	4-Nitrophenol
	EPA 3520C/8270C
	
0.500
	
2.500

	Acenaphthene
	EPA 3520C/8270C
	
0.010
	
0.050

	Anthracene
	EPA 3520C/8270C
	
0.010
	
0.050

	Benzo(a)anthracene
	EPA 3520C/8270C
	
0.025
	
0.050

	Benzo(a)pyrene
	EPA 3520C/8270C
	
0.010
	
0.025

	Benzo(b)fluoranthene
	EPA 3520C/8270C
	
0.010
	
0.025

	Benzo(g,h,i)perylene
	EPA 3520C/8270C
	
0.050
	
0.125

	Benzo(k)fluoranthene
	EPA 3520C/8270C
	
0.010
	
0.025

	Benzyl Butyl Phthalate
	EPA 3520C/8270C
	
0.010
	
0.025

	Bis(2-Chloroethoxy)Methane
	EPA 3520C/8270C
	
0.010
	
0.025

	Bis(2-Chloroethyl)Ether
	EPA 3520C/8270C
	
0.010
	
0.025

	Bis(2-Chloroisopropyl)Ether
	EPA 3520C/8270C
	
0.010
	
0.025

	Bis(2-Ethylhexyl)Phthalate
	EPA 3520C/8270C
	
0.010
	
0.025

	Caffeine
	EPA 3520C/8270C
	
0.010
	
0.025

	Carbazole
	EPA 3520C/8270C
	
0.025
	
0.050

	Chrysene
	EPA 3520C/8270C
	
0.025
	
0.050

	Dibenzo(a,h)anthracene
	EPA 3520C/8270C
	
0.050
	
0.125

	Dibenzofuran
	EPA 3520C/8270C
	
0.010
	
0.025

	Diethyl Phthalate
	EPA 3520C/8270C
	
0.010
	
0.025

	Dimethyl Phthalate
	EPA 3520C/8270C
	
0.010
	
0.025

	Di-N-Butyl Phthalate
	EPA 3520C/8270C
	
0.010
	
0.025

	Di-N-Octyl Phthalate
	EPA 3520C/8270C
	
0.010
	
0.025

	Fluoranthene
	EPA 3520C/8270C
	
0.010
	
0.025

	Fluorene
	EPA 3520C/8270C
	
0.010
	
0.025

	Hexachlorobenzene
	EPA 3520C/8270C
	
0.025
	
0.050

	Hexachlorobutadiene
	EPA 3520C/8270C
	
0.050
	
0.250

	Hexachloroethane
	EPA 3520C/8270C
	
0.025
	
0.125

	Indeno(1,2,3-cd)Pyrene
	EPA 3520C/8270C
	
0.050
	
0.250

	Isophorone
	EPA 3520C/8270C
	
0.010
	
0.025

	Naphthalene
	EPA 3520C/8270C
	
0.025
	
0.050

	Nitrobenzene
	EPA 3520C/8270C
	
0.010
	
0.025

	N-Nitrosodimethylamine
	EPA 3520C/8270C
	
0.025
	
0.050

	N-Nitrosodi-N-Propylamine
	EPA 3520C/8270C
	
0.100
	
0.200

	N-Nitrosodiphenylamine
	EPA 3520C/8270C
	
0.250
	
1.250

	Pentachlorophenol
	EPA 3520C/8270C
	
0.125
	
0.250

	Phenanthrene
	EPA 3520C/8270C
	
0.010
	
0.025

	Phenol
	EPA 3520C/8270C
	
0.100
	
0.200

	Pyrene
	EPA 3520C/8270C
	
0.010
	
0.025

	Chlorinated Pesticides
	
	
	


	4,4’-DDD
	EPA 3520C/608
	
0.005
	
0.010

	4,4’-DDE
	EPA 3520C/608
	
0.005
	
0.010

	4,4’-DDT
	EPA 3520C/608
	
0.005
	
0.010

	Aldrin
	EPA 3520C/608
	
0.005
	
0.010

	Alpha-BHC
	EPA 3520C/608
	
0.005
	
0.010

	Beta-BHC
	EPA 3520C/608
	
0.005
	
0.010

	Chlordane (α and γ)
	EPA 3520C/608
	
0.005*
	
0.010*

	Delta-BHC
	EPA 3520C/608
	
0.005
	
0.010

	Dieldrin
	EPA 3520C/608
	
0.005
	
0.010

	Endosulfan I
	EPA 3520C/608
	
0.005
	
0.010

	Endosulfan II
	EPA 3520C/608
	
0.005
	
0.010

	Endosulfan Sulfate
	EPA 3520C/608
	
0.005
	
0.010

	Endrin
	EPA 3520C/608
	
0.005
	
0.010

	Endrin Aldehyde
	EPA 3520C/608
	
0.005
	
0.010

	γ-BHC (Lindane)
	EPA 3520C/608
	
0.005
	
0.010

	Heptachlor
	EPA 3520C/608
	
0.005
	
0.010

	Heptachlor Epoxide
	EPA 3520C/608
	
0.005
	
0.010

	Methoxychlor
	EPA 3520C/608
	
0.025
	
0.050

	Toxaphene
	EPA 3520C/608
	
0.050
	
0.100

	PCBs
	
	

	


	Aroclor 1016
	EPA 3520C/608
	
0.050
	
0.100

	Aroclor 1221
	EPA 3520C/608
	
0.050
	
0.100

	Aroclor 1232
	EPA 3520C/608
	
0.050
	
0.100

	Aroclor 1242
	EPA 3520C/608
	
0.050
	
0.100

	Aroclor 1248
	EPA 3520C/608
	
0.050
	
0.100

	Aroclor 1254
	EPA 3520C/608
	
0.050
	
0.100

	Aroclor 1260
	EPA 3520C/608
	
0.050
	
0.100

	Organophosporus Pesticides
	
	

	


	Chlorpyrifos
	EPA 3520C/8270C
	
0.034
	
0.050

	Diazinon
	EPA 3520C/8270C
	
0.043
	
0.050

	Disulfoton
	EPA 3520C/8270C
	
0.027
	
0.050

	Malathion
	EPA 3520C/8270C
	
0.048
	
0.050

	Parathion-Ethyl
	EPA 3520C/8270C
	
0.045
	
0.050

	Parathion-Methyl
	EPA 3520C/8270C
	
0.036
	
0.050

	Phorate
	EPA 3520C/8270C
	
0.033
	
0.050

	Chlorinated Herbicides
	
	

	


	2,4,5-T
	EPA 8151A (GCMS Mod.)
	
0.0556
	
0.16

	2,4,5-TP (Silvex)
	EPA 8151A (GCMS Mod.)
	
0.0227
	
0.08

	2,4-D
	EPA 8151A (GCMS Mod.)
	
0.0296
	
0.08

	2,4-DB
	EPA 8151A (GCMS Mod.)
	
0.0577
	
0.16

	Dalapon
	EPA 8151A (GCMS Mod.)
	
0.0124
	
0.08

	Dicamba
	EPA 8151A (GCMS Mod.)
	
0.0221
	
0.08

	Dichloroprop
	EPA 8151A (GCMS Mod.)
	
0.0114
	
0.08

	Dinoseb
	EPA 8151A (GCMS Mod.)
	
0.0292
	
0.08

	MCPA
	EPA 8151A (GCMS Mod.)
	
0.0114
	
0.08

	MCPP
	EPA 8151A (GCMS Mod.)
	
0.0134
	
0.08


Notes:

* - MDL and RDL as listed when referring to the sum of α- and γ-chlordane.

6.1.2.4.  Trace Metals

Samples for mercury analyzed by EPA method 1631 will be subcontracted to Frontier Geosciences, Inc. for samples collected between 2001 and 2003.  The analytical methods and detection limits for trace metals are presented in Table 12.
Table 12.  Trace Metal Parameters Methods and Detection Limits

	Analyte (Total and Dissolved Metals)
	Method (Preparation/Analysis)
	MDL

((g/L)
	RDL

((g/L)

	Aluminum
	EPA 200.8
	2
	10

	Antimony
	Preconcentration, EPA 200.8
	0.01
	0.05

	Arsenic
	Preconcentration, EPA 200.8
	0.1
	0.5

	Beryllium
	Preconcentration, EPA 200.8
	0.05
	0.25

	Cadmium
	Preconcentration, EPA 200.8
	0.01
	0.05

	Calcium
	EPA 200.7
	50
	250

	Chromium
	Preconcentration, EPA 200.8
	0.05
	0.25

	Copper
	Preconcentration, EPA 200.8
	0.1
	0.5

	Hardness, calculated
	SM2340-B ed.19, calculated value
	200
	1250

	Iron
	EPA 200.7
	50
	250

	Lead
	Preconcentration, EPA 200.8
	0.025
	0.125

	Magnesium
	EPA 200.7
	30
	150

	Mercury
	EPA 1631(B)  (CVAF)
	0.0001
	0.0005

	Nickel
	Preconcentration, EPA 200.8
	0.05
	0.25

	Selenium
	Preconcentration, EPA 200.8
	0.5
	2.5

	Silver
	Preconcentration, EPA 200.8
	0.025
	0.125

	Thallium
	Preconcentration, EPA 200.8
	0.01
	0.05

	Zinc
	Preconcentration, EPA 200.8
	0.15
	0.75


6.1.2.5.  Endocrine Disrupting Chemicals

Methods for analysis of endocrine disrupting chemicals (EDCs) have not been established at the King County Environmental Laboratory but are under development for use sometime after 2001.  Therefore, the 2001 samples for this analysis will be contracted to the USGS National Water Quality Laboratory for analysis using their wastewater analytical method (Zaugg et al. 2002).  Thereafter, the King County Environmental Laboratory will perform EDC analysis according to the “EDC-LVI by GC/MS” SOP# 07‑-03‑020–Draft.  The “miscellaneous endocrine disrupting compounds” include a pesticide (vinclozolin), three BNA compounds, and six hormones.  Table 13 lists the target miscellaneous endocrine disrupting compounds and their respective detection limit goals according to the King County Environmental Laboratory SOP.
Table 13.  Miscellaneous Endocrine Disrupting Compounds and Detection Limits (μg/l)
	EDC Compound
	MDL
	RDL

	Bis(2-ethylhexyl)adipate** 
	
0.100
	
0.500

	Bisphenol A** 
	
0.100
	
0.500

	Estradiol*** 
	
0.2
	
0.5

	Estrone*** 
	
0.2
	
0.5

	Ethynyl estradiol*** 
	
0.2
	
0.5

	Methyltestosterone*** 
	
0.2
	
0.5

	4-Nonylphenol (total)** 
	
0.100
	
0.500

	Progesterone*** 
	
0.2
	
0.5

	Testosterone*** 
	
0.2
	
0.5

	Vinclozolin* 
	
0.2
	
0.5


*
Pesticide
**
BNA Compound

***
Hormone

6.2.  Quality Assurance/Quality Control (QA/QC) Practices

6.2.1.  Sediment Chemistry

Sediment chemistry data will undergo standard sediment QA1 review according to PSDDA guidelines (PTI, 1989) and data will be flagged accordingly.  This level of QA review is necessary to provide the project and program managers with the level of information needed to correctly interpret the data and allow evaluations of baseline sediment quality in the Sammamish River.  QC data to be included in the QA1 review will include (but not be limited to) results for matrix spikes and matrix spike duplicates, surrogate spikes, method blanks, certified reference materials, and analytical replicates.

The QC samples that will be analyzed in association with sediment chemical testing are summarized in Table 14.
Table 14.  Chemistry QC Samples for Sediment Analysis
	Parameter
	Blank1
	Replicate2
	Matrix Spike
	SRM3
	Surrogate

	AVS
	1 Per Batch
	1 Per Batch
	1 Per Batch
	As Available
	No

	Ammonia
	1 Per Batch
	1 Per Batch
	1 Per Batch
	As Available
	No

	PSD
	No
	1 Per Batch
	No
	No
	No

	Percent Solids
	1 Per Batch
	1 Per Batch
	No
	No
	No

	Phosphorus (Extractable)
	1 Per Batch
	1 Per Batch
	1 Per Batch
	As Available
	No

	Phosphorus (Total)
	1 Per Batch
	1 Per Batch
	1 Per Batch
	As Available
	No

	TOC
	1 Per Batch
	1 Per Batch
	No
	1 Per Batch
	No

	Total Sulfides
	1 Per batch
	1 Per Batch
	1 Per Batch
	As Available
	No

	Mercury
	1 Per Batch
	1 Per Batch
	1 Per Batch
	1 Per Batch
	No

	SEM extract Metals
	1 Per Batch
	1 Per Batch
	No
	No
	No

	Other Metals
	1 Per Batch
	1 Per Batch
	1 Per Batch
	1 Per Batch
	No

	BNAs
	1 Per Batch
	1 Per Batch
	1 Per Batch
	As Available
	Yes

	Butyltin Isomers
	1 Per Batch
	1 Per Batch
	1 Per Batch
	As Available
	Yes

	Chlorinated Herbicides
	1 Per Batch
	1 Per Batch
	1 Per Batch
	As Available
	Yes

	Chlorinated Pest./PCBs
	1 Per Batch
	1 Per Batch
	1 Per Batch
	As Available
	Yes

	NWTPH-HCID
	1 Per Batch
	2 Per Batch
	No
	No
	Yes

	NWTPH-G and -D
	1 Per Batch
	1 Per Batch
	No
	No
	Yes

	Organophosphorus Pest.
	1 Per Batch
	1 Per Batch
	1 Per Batch
	As Available
	Yes


Notes:
1Batch - A group of samples analyzed together for QC purposes containing a maximum of 20 samples.

2Replicate - Triplicate analysis for all conventional parameters, duplicate analysis for metal parameters, and matrix spike duplicate (MSD) for organic parameters.

3SRM - Standard reference material (must be certified by NIST or NRCC).

The recommended QC limits associated with sediment chemistry testing are summarized in Table 15.

Table 15.  Recommended Chemistry QC Limits for Sediment Samples
	Parameter
	Blank1
	Replicate2
	Matrix Spike3
	SRM3
	Surrogates3

	AVS
	< MDL
	< 20%
	75 - 125%
	N/A
	N/A

	Ammonia
	< MDL
	< 20%
	75 - 125%
	N/A
	N/A

	PSD
	N/A
	< 20%
	N/A
	N/A
	N/A

	Percent Solids 
	< MDL
	< 20%
	N/A
	N/A
	N/A

	Phosphorus (Ext. & Total) 
	< MDL
	< 20%
	70 - 130%
	80 – 120%
	N/A

	TOC
	< MDL
	< 20%
	N/A
	80 – 120%
	N/A

	Total Sulfides
	< MDL
	< 20%
	70 - 130%
	N/A
	N/A

	Mercury
	< MDL
	< 20%
	75 - 125%
	80 to 120%4
	N/A

	Other Metals (including SEM)
	< MDL
	< 20%
	75 - 125%
	80 to 120%4
	N/A

	BNAs
	< MDL
	< 100%5
	50 - 150%
	80 – 120%6
	50 - 150%

	Butyltin Isomers
	< MDL
	< 100%5
	50 - 150%
	80 – 120%6
	50 - 150%

	Chlorinated Herbicides
	< MDL
	< 100%5
	50 - 150%
	80 – 120%6
	50 - 150%

	Chlorinated Pest./PCBs
	< MDL
	< 100%5
	50 - 150%
	80 – 120%6
	50 - 150%

	NWTPH-HCID
	< MDL
	N/A
	N/A
	N/A
	50 - 150%

	NWTPH-G and -D
	< MDL
	< 100%5
	50 - 150%
	N/A
	50 - 150%

	Organophosphorus Pesticides
	< MDL
	< 100%5
	50 - 150%
	80 – 120%6
	50 - 150%


Notes:
1Concentration of all analytes should be less than the method detection limit (< MDL).

2Relative percent difference (RPD) for duplicate analysis and percent relative standard deviation (%RSD) for triplicate analysis.

3Percent recovery for matrix spike, standard reference material, and surrogates.

4Data not qualified for low (< 80%) standard reference material recovery for metals analyses due to differences in digestion method between test sample analysis and SRM analysis.

5RPD for organic analyses calculated from matrix spike duplicate (MSD).

N/A - Not applicable.

6If SRM is available.

6.2.2.  Benthic Taxonomy Sorting and Identification

Rhithron Associates, Inc. checks the sorting efficiency of all samples.  After the initial sort is completed, 20% of the sorted material will be re-sorted by a different person.  The number removed will be recorded and percent efficiency will be calculated.  If efficiency is less than 90 percent, the entire sorted portion will be resorted and the QC process repeated.  This information is to be provided with the data report, along with any corrective actions taken.

QA/QC requirements for taxonomic identification include re-examination and identification by a second taxonomist.  After a sample has been identified, a second taxonomist examines the sample and verifies the determinations made by the first.  All discrepancies are addressed; if consensus on a particular determination cannot be reached, external verification is sought.  More details regarding the QA/QC procedures of Rhithron Associates, Inc can be found in Appendix A.
6.2.3.  Water Chemistry

6.2.3.1 Conventionals

Laboratory QC samples for conventional analyses and associated control limits are summarized in the following table (Table 16).  These QC samples will be analyzed at a frequency of one per analytical batch or a minimum of one per 20 analytical samples.

Table 16.  Conventional QC Requirements

	Analysis
	Method Blank
	Duplicate
RPD
	Positive
Control
% Recovery
	Matrix Spike 
% Recovery

	Ammonia Nitrogen
	< MDL
	20%
	85 – 115
	75 – 125

	Nitrate/Nitrite Nitrogen
	< MDL
	20%
	85 – 115
	75 – 125

	Ortho Phosphorus
	< MDL
	20%
	85 – 115
	75 – 125

	Fluoride
	<MDL
	20%
	85 – 115
	65 – 120

	Total Suspended Solids
	< MDL
	25%
	80 – 120
	N/A


6.2.3.2.  Microbiology

Laboratory QC samples for microbiology analyses and associated control limits are summarized below (Table 17).  These QC samples will be analyzed at a frequency of one per analytical batch or a minimum of one per 20 analytical samples.  Note prior to 2003, samples were routinely analyzed for enterococcus bacteria.  

Laboratory duplicates by the membrane filtration method are performed by removing aliquots from the sample bottle as two separate samples, and duplicating all steps including preparation of dilutions.  Duplicate sample results are evaluated by method 9020B.4 prescribed in Standard Methods for the Examination of Water and Wastewater, 19th ed., 1995.  Briefly, this requires that the log-transformed difference between the two duplicate results be compared to the mean of the log-transformed differences for the previous 15 sample pairs.  The acceptance criterion is to be within 3 standard deviations of this value.  Failure to meet the criterion is cause to evaluate the entire sample batch for compliance and applicability of the calculation, before qualifying or rejecting the data set.

Positive and negative controls are target and non-target organisms, respectively, which are inoculated to media and carried through the analytical process to ensure the growth conditions for recovery and identification of the analytes are appropriate.  System Control ensures the sterile integrity of the batch; and Pre- and Post-filtration blanks control for carryover due to insufficient rinsing between samples.
Table 17.  Microbiology QC Requirements

	Analysis
	Lab Duplicate
	Positive Control
	Negative Control
	System Control
	Pre/Post Filtration Blanks

	Enterococcus
	Pass/Fail*
	Pass/Fail
	Pass/Fail
	N/A
	Pass/Fail

	Escherichia coli
	Pass/Fail*
	Pass/Fail
	Pass/Fail
	N/A
	Pass/Fail

	Fecal Coliforms
	Pass/Fail*
	Pass/Fail
	Pass/Fail
	Pass/Fail
	Pass/Fail


Notes:

Pass:  Meets established quality control guidelines as described in the King County Environmental

Laboratory QA/QC Standard Operating Procedure Manual.

Fail:  Does not meet established quality control guidelines as described in the King County Environmental Laboratory QA/QC Standard Operating Procedure Manual.

*See paragraph above.

6.2.3.3.  Trace Organics

Laboratory QC samples for trace organics analyses and associated control limits are summarized below (Table 18).  These QC samples will be analyzed at a frequency of one per analytical batch or a minimum of one per 20 analytical samples.

Table 18.  Trace Organics QC Requirements

	Analysis
	Method Blank
	Blank Spike % Recovery
	MS/MSD RPD
	Matrix Spike % Recovery
	Surrogate 
% Recovery

	BNALL
	< MDL
	50-150
	<100*
	50-150
	50-150

	Chlorinated Pesticides**
	<MDL
	23-139*
	31-50*
	23-139*
	50-150

	PCBs**
	< MDL
	50-150*
	31-50*
	50-150*
	50-150*

	Organophosphorus pesticides
	< MDL
	50-150
	100
	50-150
	50-150

	Chlorinated Herbicides***
	< MDL
	17-136*
	22-48*
	17-136*
	50-135


Notes:   
*Low to high range of all compounds used for surrogates and spikes (5 acid and 6 base neutral compounds are used for spiking).

** CLPestPCB analysis uses the Pesticides matrix spike made up of 6 compounds namely Gamma-BHC, Heptachlor, Aldrin, Dieldrin, Endrin and 4,4’-DDT

*** Chlorinated Herbicide acceptance limits periodically updated by subcontract laboratory.  Note, as this is a subcontracted parameter, QC results are not entered into LIMS.


6.2.3.4.  Trace Metals

Laboratory quality control (QC) samples for trace metals analysis and associated control limits are summarized below (Table 19).  These QC samples will be analyzed at a frequency of one per analytical batch or a minimum of one per 20 analytical samples.

Table 19.  Trace Metals QC Requirements

	Analysis
	Method Blank
	Blank Spike % Recovery
	Filter Blank
	Duplicate RPD
	SRM% Recovery
	Matrix Spike % Recovery

	CVAF Mercury *
	<MDL
	N/A
	<MDL
	24%
	N/A
	71 – 125**

	Metals
	< MDL
	85 - 115
	<MDL
	20%
	80 - 120
	80 - 120


Notes:

* This analysis is subcontracted and therefore QC results are not entered into LIMS.

** Method 1631 (B) requires MS/MSD analysis at a minimum of one per 10 analytical samples.  Therefore, the RPD between the MS and MSD is calculated and the limit is 24%.  The recovery of each MS and MSD is noted above.

6.2.3.5.  Endocrine Disrupting Chemicals

Zaugg et al. (2002) can be referenced for QC requirements of the USGS analytical method for EDCs.  The following describes the requirements of the King County Environmental Lab.  QC sample results that exceed control limits will be evaluated to determine appropriate corrective actions (Table 20).  Samples will typically be reanalyzed if unacceptable QC results indicate a systematic problem with the overall analysis, and if sufficient sample matrix is remaining and the analytical holding time has not expired.  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 are outside of QC control limits will be qualified and flagged.

Table 20.  Trace Organic Laboratory QC Samples and Control Limits

	QC Sample
	Control Limit

	Method Blank Result
	All compounds <MDL

	Spike Blank Recovery
	50 to 150%

	MS/MSD Recovery
	50 to 150%

	MS/MSD RPD
	Not Applicable

	Surrogate Recovery
	50 to 150%


Notes: 
*Low to high range of all compounds used for surrogates or spikes.

6.2.4.  Data Qualifiers

The data qualification flags, which will be used by the King County Environmental Laboratory for this project, are presented in Table 21.  These data qualifiers address situations that require qualification and generally conform to QA1 guidance (Ecology, 1989a).  The King County Lab qualifiers indicating <MDL and <RDL have been used as replacements for the T and U qualifier flags specified under QA1 guidance.  Changes made to standard reference material data qualification for sediment samples have been discussed with and approved by the Sediment Management Unit of Ecology.

Table 21.  Laboratory Data Qualifiers

	Qualifier
	Description

	General
	

	H
	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 holding times, storage conditions, or preservation requirements. The qualifier will be applied to applicable analyses for a sample.

	R
	Indicates that the data are judged unusable by the data reviewer. The qualifier is applied based on the professional judgment of the data reviewer rather than any specific set of QC parameters and is applied when the reviewer feels that the data may not or will not provide any useful information to the data user. This qualifier may or may not be analyte-specific.

	<MDL
	Applied when a target analyte is not detected or detected at a concentration less than the associated method detection limit (MDL). MDL is defined as the lowest concentration at which an analyte can be detected. The MDL is the lowest concentration at which a sample result will be reported.

	<RDL
	Applied when a target analyte is detected at a concentration greater than or equal to the associated MDL but less than the associated reporting detection limit (RDL). RDL is defined as the lowest concentration at which an analyte can reliably be quantified. The RDL represents the minimum concentration at which method performance becomes quantitative and is not subject to the degree of variation observed at concentrations between the MDL and RDL.

	RDL
	Applied when a target analyte is detected at a concentration that, in the raw data is equal to the RDL.

	TA
	Applied to a sample result when additional narrative information is available in the text field. The additional information may help to qualify the sample result but is not necessarily covered by any of the standard qualifiers.

	Chemistry

	B
	Applied to a sample result when an analyte was detected at a concentration greater than the MDL in the associated batch method blank. The qualifier is applied in Organics analyses when the sample analyte concentration is less than five times the blank concentration and is applied in Conventionals and Metals analysis when the sample concentration (in water matrices) is greater than the MDL and less than ten times the blank concentration. For Metals analyses in sediment matrices, the qualifier would be applied to all sample results when an analyte was detected at a concentration greater than the MDL in the associated batch method blank. The qualifier indicates that the analyte concentration in the sample may include laboratory contamination. This is an analyte-specific qualifier.

	J#
	Applied to tentatively identified compounds (Tic’s) reported for organics analysis. A TIC is a non-target analyte that appears on a chromatogram during sample analysis. The analyst compares the analyte peak to a reference library to obtain the best possible match. The number associated with the J qualifier is the confidence level of the analyte library match. The confidence level varies from 1 (highest confidence) to 4 (lowest confidence). The reported concentration is an estimated value. 

	P
	Applied to indicate the presence of the reported analyte above the regulatory reporting limit for the test method.

	>MR
	Applied when a target analyte concentration exceeds the instrument or method capacity to measure accurately. The qualifier is primarily in the organics section. It is applied when the detected analyte concentration exceeds the upper instrument calibration limit and further dilution is not feasible. The reported value is an estimated analyte concentration.

	Biology

	AD
	Applied to Benthic data when an adult form of an organism was identified in the sample. Benthic samples are subcontracted.

	C
	Applied to Microbiology data when the sample analysis exhibits confluent growth of organisms. The value reported is an estimate and can be reliably used as an indicator of relative abundance, however, it can not be used as a reliable or accurate count of the associated organism.

	D
	Applied to Microbiology data to indicate that a target organism was evaluated to be the dominant or largest sub-population recovered from the sample. The evaluation is based on biomass.

	E
	Applied to microbiological data when a standard method for estimation of microorganisms has been employed during analysis rather than an actual count. The associated value is an estimate.

	LV
	Applied to Benthic data when a larval form of an organism was identified in the sample. Benthic samples are subcontracted.

	>#####
	Applied when a population count exceeds the method capacity to measure accurately. The qualifier is applied in Microbiology analyses when the population count exceeds the procedural capacity to measure accurately. The number in the qualifier is the highest procedural count possible. A value is not reported for the sample result. The actual population count is at least as great as or greater than the value shown in the qualifier. This qualifier is used only in microbiology.

	NF
	Applied to Microbiology data to indicate that a target organism was not recovered or identified in a sample.

	P
	Applied to Microbiology data to indicate that a target organism was recovered or identified in a sample.

	PU
	Applied is applied to Benthic data when a pupal form of an organism was identified in the sample. Benthic samples are subcontracted.

	S
	Applied to Microbiology data to indicate that a target organism was evaluated to be the second largest contributory sub-population recovered from the sample. The evaluation is based on biomass.


7.0.  Data Analysis, Record Keeping, and Reporting
The King County Environmental Laboratory will provide a 60-day turnaround time for all water sample analytical data, starting upon receipt of the last sample collected, and a 90-dayturnaround time for sediment sample chemical data.  Each laboratory unit will provide a cover letter describing the contents of their data package, including any notable information of immediate interest to the recipient.  All data received from subcontracted laboratories will be reported to the King County Environmental Laboratory in a format that will allow an appropriate level of QA/QC review.

7.1.  Interpretation of Chemistry Data

Sediment chemistry data will be reviewed by Science and Technical Support staff to determine if any elements or compounds are present in concentrations that might indicate potential sediment toxicity to the benthic community.  Sediment chemical concentrations will be compared to PEL and TEL values (Smith et al. 1996) and to freshwater sediment quality guidelines recently developed for Washington DOE using the floating percentile method (Avocet Consulting 2003; SAIC and Avocet Consulting 2002).  Sediment chemistry data will be reported by KCEL in dry weight to allow comparison to these various criteria and guidelines.

Surface water chemistry data will be compared by Science and Technical Support staff to one of three possible values according to the following priority:

· 1.
Washington water quality standards for aquatic life, 

· 2.
USEPA ambient water quality criteria for protection of aquatic life (EPA 2002), and 

· 3.
Relevant values obtained from ECOTOX database and derived according to the King County Water Quality Effects Process (King County 2002b).
7.2.  Interpretation of Biological Data

Benthic community assessment will be interpreted based both on abundance and diversity (number of taxa) as indicators of health of the benthic community.  

7.3.  Record Keeping

All field analysis and sampling records, custody documents, raw lab data, data summaries, and case narratives will be archived according to King County Environmental Laboratory policy.

7.4.  Reporting

Project data will be presented to the project and program managers in a format that will include the following:

· spreadsheets of all chemistry data, normalized to dry weight where appropriate (provided by the KCEL);

· spreadsheets of selected chemistry parameters compared to various suggested sediment quality guidelines and criteria; normalized to either dry weight or organic carbon, as appropriate (provided by Science and Technical Support Group);

· a narrative of chemistry data including supporting QC documentation (provided by the King County Environmental Laboratory); and
· a technical memorandum, summarizing field sampling, analytical work, and interpretation of the results (provided by the King County Modeling, Analysis, and Assessments Group).

Supporting QC documentation will be provided to the extent needed to allow Ecology to perform a QA1 review of all sediment chemistry data.  Sediment data will be reported in a format that will allow inclusion of the data on Ecology’s SEDQUAL database.

8.0.  Health and Safety Requirements

The following general health and safety guidelines have been provided in lieu of a site-specific Health and Safety Plan.  These guidelines will be read and understood by all members of the sampling crew prior to any sampling activities.

· All crew of the research vessel will have received annual vessel safety training that will include proper chain of communication, equipment operation, and safe boating practices.

· Sampling personnel will wear chemical-resistant gloves whenever coming into contact with sediment.

· No eating, drinking, smoking, or tobacco chewing by sampling personnel will be allowed during active sampling operations.

· All sampling operations will be conducted during daylight hours.

· All accidents, “near misses,” and symptoms of possible exposure will be reported to a sampler’s supervisor within 24 hours of occurrence.

· All crewmembers will be aware of the potential hazards associated with chemicals used during the sampling effort.

Several hazards are inherent to sediment sampling.  General vessel safety, physical hazards unique to sediment grab sampling, and chemical hazards are discussed in sections 6.1.1 through 6.1.3.

8.1.  General Vessel Safety

To help prevent accidents and ensure adequate preparation for emergencies that may possibly arise, the following safety equipment will be required on the King County Lab research vessel Chinook:

· one personal floatation device for each crew member as well as, at least, one throwable floatation device;

· an accessible, clearly labeled, fully stocked first-aid/CPR kit;

· an accessible and clearly labeled eye wash;

· one VHF marine radio(s) with weather channel;

· a cellular telephone;

· a horn;

· navigation lights;

· signal flares; and

· a reach pole or shepherd’s hook.

Personal protective equipment will be selected and used that will protect workers involved in sediment sampling from the hazards and potential hazards likely to be encountered.  Minimum required personal protective equipment for sediment sampling shall include the following:

· hard hat;
· steel-toe rubber boots;
· rain gear;
· chemical-resistant gloves (i.e. Nitrile);  and

· safety glasses (UV protective).  
8.2.  Grab Sampling 
8.2.1.  Boat Sampling

The sampler will always be set while it is resting on a stable surface.  Once set, a safety pin will be set in place on the triggering mechanism and remain in place until the sampler is swung outboard of the vessel rail.  Special care will be exercised when removing the safety pin to ensure personal safety in the event of a gear or winch failure.  Fingers will not be placed through the ring of the pin when it is removed and hands will be kept completely clear of the sampler interior after the pin has been removed.  If a sampler is retrieved that has not been tripped, it will be lowered to a stable surface before any worker contact.

During grab retrieval, one crewmember will watch for the appearance of the grab sampler and alert the winch operator when the sampler is first visible below the water surface.  Attempting to bring a swinging grab sampler on board poses a serious risk of being hit or knocked overboard.  The winch operator will minimize swinging before the grab sampler is brought on board for the crew to secure.  Hard hats and gloves will always be worn when handling the grab sampler.

The winch drum, blocks, and any area between the grab sampler and railings, the deck, and sample splitting work surface all represent significant pinching and crushing hazards.  Only experienced crewmembers will operate the winch during a sampling event.  Other crewmembers will exercise care to avoid these potentially hazardous areas.

8.3.  Chemical Hazards

Contact with sediment at some sampling stations may present a health hazard from chemical constituents of the sediment.  Potential routes of exposure to chemical hazards include inhalation, skin and eye absorption, ingestion, and injection.  Field crewmembers will exercise caution to avoid coming into contact with sediment at all stations during sampling operations.  Protective equipment will include chemical-resistant gloves, safety glasses or goggles, and protective clothing (i.e.  rain gear).  Crew members will exercise good personal hygiene prior to eating or drinking.
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