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1.0. Project Background

The King County Water and Land Resources Division is updating the County’s Streams Sediment Monitoring Program to meet new goals and objectives.  An analysis of the program data collected between 1987 and 2002 was completed and modifications were recommended.  The original program was focused on monitoring possible impacts that the wastewater treatment and conveyance system may have had on streams flowing into Lake Washington and Lake Sammamish.  It is now understood that general stormwater and other runoff is potentially more important to sediment quality.  An updated 10-year program is being designed to monitor the effects of all sources to the streams.  To this end, additional parameters will be added to the existing monitoring program to better understand the range of contaminants that affect sediment quality.  A new sampling design will be implemented to allow for the assessment of sediment quality in individual stream basins.  And stream sediment monitoring in the Green River watershed will be enhanced.

2.0. Project Management

The Science and Technical Support Group (STS) is responsible for overall project management including project design, data analysis and final reporting.  Project managers in STS are responsible for approval of changes in procedures or significant schedule changes.  Often they provide field support and consulting to the Environmental Lab (ELD).

The Environmental Services unit of the ELD completes event scheduling, LIMS sample creation, sample collection, field analysis, QA/QC of field data, entry of final field data to LIMS, and communication with the laboratory units and the laboratory project managers (LPMs).  Each individual laboratory unit within the ELD conducts laboratory analysis, QA/QC of laboratory data, and entry of final laboratory data to LIMS.  The individual laboratory units include Conventional Chemistry, Trace Organics and Trace Metals.  The Sample Management Specialists (SMS), part of the Conventionals unit, receive samples at the lab, verify preservation and completeness of the sampling set and deliver samples to the appropriate laboratories.  Each project at the lab has a LPM and Technical Coordinators (TC) from the various lab units involved in the project.  The role of the LPM is to communicate with the Planners in STS and the laboratory units, coordinate sampling and analysis, prepare data reports and conduct final report review and data review. The QA Officer oversees all quality assurance and quality control protocols at the lab.

3.0. Study Design

3.1 Streams Monitoring Program

The Stream Sediment Monitoring Program was begun in 1987 in WRIAs 8 and 9.  This sediment program is part of the overall Lakes and Streams Monitoring Program, which has been designed to protect the significant investment in water quality improvement and protection made by the people of King County. Sewage and wastewater used to be discharged directly into lakes Washington, Union, and Sammamish. Sewage and wastewater now enter secondary treatment facilities at West Point and the South Plant in Renton, from which treated water is discharged into the deep marine waters of Puget Sound. While the diversion of sewage resulted in dramatic improvements in lake water quality, monitoring water and sediment quality is still important. 

With the removal of the majority of point sources of sewage effluent, non-point source pollution related to urbanization currently has the greatest impact on water and sediment quality. The long-term environmental impacts of non-point pollution on the quality of lakes and streams can only be evaluated by sampling multiple media (e.g. benthic invertebrates, water quality, and sediment quality) at multiple sites throughout the watershed.
3.1.1 Historic Streams Sediment Monitoring Program

Historically, the stream sediment monitoring program has been designed to monitor trends over time at 27 stations.  Stations were generally located in a monitored stream at the farthest downstream depositional area closest to receiving waters.  This strategy assumes that chemical impacts originating upstream, higher in the stream basin, will be reflected in downstream depositional areas.  The primary focus of the historic program has been the sampling and analysis for metals, petroleum hydrocarbons, and grain size distribution.
Prior to designing and implementing an updated streams sediment monitoring program, an analysis was conducted on the existing stream sediment data collected from 1987 to 2002.  This analysis of the existing data included data reduction, summaries, statistical analyses, data gaps analysis, and recommendations for program design modifications.
3.1.2 Results of the Existing Data Assessment

The results of the analysis show that several metals are found in concentrations above available sediment quality guidelines (Ecology, 2003.  Smith et al., 1996) and above background concentrations for soils in the Puget Sounds lowlands (Ecology, 1994) in monitored streams.  The metals include Arsenic, Cadmium, Copper, Nickel, and Zinc.  Also, the data show elevated concentrations of petroleum hydrocarbons.  

These contaminants are associated with urbanization.  While background arsenic concentrations have been shown to be higher in the soils of the Puget Sound lowlands than other areas of the State, monitoring results suggest that additional sources are likely present.  Arsenic, along with Copper and Chromium are the main preservative in “pressure treated” wood used for decks, porches, and pilings.  Copper, cadmium, nickel, and zinc are widely used in plumbing and electrical fixtures.  Analysis of brake dust from automobiles has shown significant concentrations of copper, cadmium, nickel, and zinc.  (Westerlund, 2001).  
During the assessment of the existing data, understanding the effects of these metals on the aquatic community was hindered by the lack of additional data such as an acid volatile sulfides/simultaneously extracted metals (AVS/SEM) ratio and total organic carbon (TOC).  AVS/SEM ratio is a measure of the bio availability and thus the potential toxicity of metals to sediment dwelling organisms.  TOC data can be used to evaluate the tendency of metals and organic contaminants to be absorbed by available carbon and thus become sequestered in sediments.  
While there are no sediment guidelines or thresholds for petroleum hydrocarbons, these results do show that the aquatic environment in small urban streams may be affected by a wide variety of organic chemicals from urbanization in general and automobile traffic and roadways in specific.  
Additionally, no information was collected during the historic program that enabled an assessment of sediment quality in the larger stream basin areas.  Stations were all located downstream in stream basins nearest receiving waters.  This did not allow an assessment of basin processes that contributed to the sediment quality of the one station that was sampled.
Data gaps were also assessed and recommendations were made as part of the existing data analysis.  The recommendations include:
· Collect AVS/SEM data, to better understand the potential toxicity of metals in stream sediments.

· Collect TOC data 

· Locate stations in such a way as to characterize sediment quality farther up in stream basins.
· Continue to monitor long term trends in a consistent way so that statistical analysis can detect changes.
3.1.3 Other Data Assessed

Additional datasets assessed during program planning include the Major Lakes Sediment Study, the Lake Washington Bioaccumulation Study, and the Evergreen Point Floating Bridge Runoff Study, all of which are part of the SWAMP program, and the 1984 Toxicant Pretreatment Planning Study (TPPS).  
The Major Lakes Sediment Study showed elevated levels of PCBs and organochlorine compounds, such as DDT, in sediments in Lakes Washington, Union, and to a lesser degree Sammamish.  The TPPS study showed that 20 years ago concentrations of these chemicals were higher in Lake Washington, but that these chemicals persist.  Comparisons between sediment data collected in Lake Washington as part of the Major Lakes Sediment Study and the TPPS study showed that DDT compounds and PCBs appear to be breaking down into degradation products (e.g. DDE and DDD) and are focusing in deeper sediments in the lake.  The bioaccumulation study showed that these chemicals are biomagnifying up the food web and are found in highest concentrations in resident top predator fish.  
Assessment of these studies has shown that organochlorine compounds are still a concern in sediments.  As such, analysis of these chemicals in stream sediments is necessary to monitor the fate and transport of these chemicals and to assess the impact these chemicals may be having on the aquatic community in streams.
Preliminary data from the Evergreen Point Floating Bridge Runoff Study has shown a variety of organic chemicals in stormwater runoff associated with roadways.  PAHs, phthalates, chlorinated benzenes, and other semi-volatile compounds were all detected frequently.  4-nonylphenol and bisphenol A were also detected frequently.  All of these chemicals tend to adhere to particulates and as such, are likely to persist in sediments.  These chemicals should be assessed in stream sediments because of the potential impacts they may be having on the aquatic community in streams.
3.2 Updated Program
Given these recommendations and other background information, the streams sediment monitoring program will be update to reflect the assessment of our existing data, the change in focus to the broader implications of non-point pollution, and a better understanding of sediment quality in entire stream basins, while still maintaining the long-term usefulness of the existing data and historic study.  It is expected that the level of effort will remain roughly the same with only the addition of analytical parameters to the updated study.  The number of samples collected each year will remain about the same.  At this time, streams in WRIAs 8 and 9 will be assessed.  The updated design will incorporate enough flexibility so that if additional resources are identified, either the monitoring area can be expanded or a greater number of targeted streams within the current monitoring area can be assessed.  The program is designed to collect information over a 10-year period.  After 10 years the program will be re-assessed and if necessary redesigned to meet additional goals and objectives.  Also, the data will be reported and posted to the web page at regular intervals.  After 5 years, the program will be assessed to determine if the program is on track to meet the program goals and objectives during the 10-year design period.
3.3 Program Questions

Questions the updated program will answer are as follows:

· How does sediment quality in streams compare to available sediment guidelines or thresholds?

· Are there other chemicals present in stream sediments that do not have guidelines?

· How does sediment quality change over time?

· Are there differences in sediment quality within a monitored stream basin?

· How is sediment quality different among monitored streams that have similar sampling strata?

3.4 Sampling Strategy

3.4.1 Monitoring Program Streams

Streams were selected to be included in the sampling program if they met certain criteria.  Given that there are many streams and stream miles located within WRIAs 8 and 9, a targeted stratified design has been implemented.  This type of design uses the results of previously collected data as well as narrowing the types of environments that are to be characterized.  Streams in the monitoring area were screened using data on basin size, stream gradient, road density as a measure of urbanization, elevation, existing sediment quality data, and whether salmonids had ever been present.  

The list of screening criteria is as follow:
· Wade able streams

· Basin size between 2000 and 36,000 acres

· Stations located in areas with a stream gradient from 0 to 2 percent

· Historic use by salmonids

· Elevation characteristic of Puget Sound lowland streams

· Urban development is dominant human activity in basin

· Existing sediment quality data show chemical concentration that may be of concern to the aquatic community
A total of 27 streams were selected during this screening process for inclusion into the monitoring program.  These streams are listed in the following table.

	Table 1. Sediment Monitoring Program Streams

	1. Little Bear Creek
	11. Coal Creek (Lake Washington)
	21. Taylor Creek (Cedar River)

	2. Big Bear Creek
	12. Forbes Creek
	22. Covington Creek

	3. Thornton Creek
	13. Juanita Creek
	23. Des Moines Creek

	4. Issaquah Creek
	14. Lyon Creek
	24. Jenkins Creek

	5. McAleer Creek
	15. May Creek
	25. Judd Creek

	6. North Creek
	16. Mercer Slough
	26. Crisp Creek

	7. Newaukum Creek
	17. Swamp Creek
	27. Longfellow Creek

	8. Soos Creek
	18. Lewis Creek
	

	9. Springbrook Creek 
	19. Pine Lake, Eden, Ebright Creeks
	

	10. Mill Creek
	20. Tibbets Creek
	


3.4.2 Long Term Trend Streams
To continue to monitor changes in streams over time, 10 streams were selected from the program pool of streams.  Continuing to sample stations at the same locations as the previous program would allow use of historic data to analyze trends for metals and conventionals in these streams.  The 10 streams will be selected based on historical data, representativeness, locations where monitoring contaminants in runoff and urbanization are concerns, and historic presence of salmonids.

The 10 streams that will be monitored yearly to determine if there are any trends in sediment quality over time are:

1. Little Bear Creek

2. Big Bear Creek

3. Thornton Creek

4. Issaquah Creek

5. McAleer Creek

6. North Creek

7. Newaukum Creek

8. Soos Creek

9. Springbrook Creek 

10. Mill Creek

3.4.3 Stream Basin Analysis

Stream basin analyses will be undertaken on approximately 3 streams each year.    These analyses will yield a better understanding of the processes that affect sediment quality, and allow use of a statistical approach for the characterization of sediment quality in depositional areas in the greater Lake Washington and Green River watershed stream basins.  Basin analysis will also assess the representativeness of those stations located in depositional areas closest to receiving waters.  Once a stream basin has been sampled, basin analysis will be rotated to another stream basin.  Streams for basin analysis will be chosen from the pool of monitoring program streams (Table 1).  

Basin Analysis Streams for 2004 include:

· Little Bear Creek

· Thornton Creek

· McAleer Creek

Stations will be located in every stream mile that meets the criteria listed in section 3.4.1.  The number of stream basins that can be studied during a given year will depend on the evaluation and selection of actual station locations. Larger, more complex basins may warrant more samples than smaller basins such that a grouping of larger and smaller basins would result in a maximum number of basins studied each year.  If four basins can be studied each year, the number of years needed for a complete basin study rotation as described above will be reduced.

3.5 Station Locations

	Table 2. Station Locators for Long Term Trend Analysis

	Creek
	Locator

	1. Little Bear Creek
	0478

	2. Big Bear Creek
	0484

	3. Thornton Creek
	0434

	4. Issaquah Creek
	0631

	5. McAleer Creek
	0432

	6. North Creek
	0474

	7. Newaukum Creek
	0322

	8. Soos Creek
	A320

	9. Springbrook Creek 
	0317

	10. Mill Creek
	A315


3.6 Tools to be used in analyzing the data

· As there are no sediment quality standards for the State of Washington, chemical concentrations will be compared directly to proposed sediment quality guidelines developed for Washington State and elsewhere (i.e. Ecology, 2003 and Smith et al., 1996.)
· GIS will be used to map the spatial distribution of chemical concentrations and exceedances of sediment guidelines or thresholds.

3.7 Data Requirements

The data requirements for both the characterization of the parameter concentrations and the comparison with regulatory standards both require independent samples.  For t-tests and calculation of means and standard deviations normally distributed data are required.  

The goals for power and confidence level for the statistical tests are 90% confidence level and a power of 80%.
3.8 Chemical Testing

Sediment samples will be collected for chemical testing using standardized equipment and procedures.     

Conventional parameters.  Ammonia nitrogen, particle size distribution (PSD), total solids, total organic carbon (TOC), orthophosphate phosphorous, total phosphorous, pH, and total sulfide will be analyzed.

Metals.   acid volatile sulfides with simultaneously extractable metals (AVS/SEM for cadmium, copper, lead, mercury, nickel, and zinc). Total metals analysis to include cadmium, chromium, copper, lead, mercury, nickel and zinc.
Organics.  BNAs, nonylphenol, bisphenol A, bis(2-ethylhexyl)adipate, chlorinated pesticides, chlorobenzenes, PCBs, and petroleum hydrocarbons.
As there are no sediment quality standards, analytical results will be compared to available proposed freshwater sediment guidelines (i.e. Ecology, 2003 and Smith et al., 1996).   Differences will be determined using statistical t-tests.  Comparison to guidelines and assessment of differences will determine if there are any streams or areas within streams that warrant further investigation.
In the case of contaminants that do not have guidelines but present in sediment, assessment of trends (spatial, temporal) will be completed.  Additionally, literature searches will be conducted to provide context for the concentrations found and help guide interpretation of data.  

3.8.1 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:

· To evaluate changes in sediment quality conditions over time.

· To evaluate sediment quality conditions in stream basins.

· To compare sediment data to available proposed sediment quality guidelines.  For constituents that do not have proposed guidelines, literature values may be used to better understand the effects of the concentrations found.
The following are the sediment quality guidelines chosen for comparison and interpretation of the streams sediment monitoring data.  These guidelines are expressed as dry-weight values.

	Table 3. Department of Ecology Proposed Guidelines, 2003

	Compound or Element
	Guideline
	Unit

	2-Methylnaphthalene
	470
	PPB

	Acenaphthene
	1060
	PPB

	Acenaphthylene
	470
	PPB

	Anthracene
	600
	PPB

	Antimony
	0.4
	PPM

	Aroclor 1254
	230
	PPB

	Arsenic
	20
	PPM

	Benzo(a)anthracene
	4260
	PPB

	Benzo(a)pyrene
	3300
	PPB

	Benzo(g,h,i)perylene
	4020
	PPB

	Bis(2-ethylhexyl) phthalate
	230
	PPB

	Butyl benzyl phthalate
	260
	 PPB

	Cadmium
	0.6
	PPM

	Chromium
	95
	PPM

	Chrysene
	5940
	PPB

	Copper
	50
	PPM

	Dibenzo(a,h)anthracene
	300
	PPB

	Dibenzofuran
	400
	PPB

	Dimethyl phthalate
	46
	PPB

	Di-n-octyl phthalate
	26
	PPB

	Fluoranthene
	5000
	PPB

	Fluorene
	200
	PPB

	Total HPAHs
	3000
	 PPB

	Indeno(1,2,3-c,d)pyrene
	4120
	PPB

	Lead
	335
	PPM

	Total LPAHs
	500
	 PPB

	Mercury
	0.5
	PPM

	Naphthalene
	100
	PPB

	Nickel
	55
	PPM

	Phenanthrene
	6100
	PPB

	Pyrene
	3000
	PPB

	Silver
	0.55
	PPM

	Total Benzofluoranthenes
	450
	 PPB

	Total PCBs
	60
	 PPB

	Tributyltin
	75
	 PPB

	Zinc
	140
	PPM

	Aroclor 1260
	140
	PPB

	Benzo(k)fluoranthene
	 
	 PPB

	Benzo(b)fluoranthene
	 
	PPB


Notes:

HPAHs – High molecular weight PAHs; e.g.,  benzo(a)pyrene

LPAHs – Low molecular weight PAHs; e.g., naphthalene

	Table 4. Smith et al. Guidelines, 1996

	Compound or Element
	Guideline
	Unit

	ARSENIC
	5.9
	PPM

	BAA (Benzo(a)anthracene
	31.7
	PPB

	BAP (Benzo(a)pyrene)
	31.9
	PPB

	CADMIUM
	0.596
	PPM

	CHLORDANE
	4.5
	PPB

	CHROMIUM
	37.3
	PPM

	CHRYSENE
	57.1
	PPB

	COPPER
	35.7
	PPM

	Total DDT
	7
	PPB

	DIELDRIN
	2.85
	PPB

	ENDRIN
	2.67
	PPB

	FLUORANTHENE
	111.3
	PPB

	HEPCL_EPOX (Heptachlor epoxide)
	0.6
	PPB

	LEAD
	35
	PPM

	Lindane
	0.94
	PPB

	MERCURY
	0.174
	PPM

	NICKEL
	18
	PPM

	Total PCBs
	34.1
	PPB

	PHENANTHRENE
	41.9
	PPB

	4,4’-DDD
	3.54
	PPB

	4,4’-DDE
	1.42
	PPB

	PYRENE
	53
	PPB

	ZINC
	123.1
	PPM


Project data will undergo rigorous quality assurance review, which will assess, among other things, precision and bias, representativeness, completeness, and comparability.  Data will be reviewed according to QA1 guidelines (PTI, 1989a).

3.8.2 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 determined mean value.  The accuracy of a result is affected by both systematic and random errors.  Bias is a measure of the difference, due to a systematic factor, between an analytical result and the true value of an analyte.  Precision, accuracy, and bias for analytical chemistry may be measured by one or more of the following quality control (QC) procedures:
· 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).

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

3.8.3  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 will be collected from stations with preselected coordinates to represent specific site locations.  Following the guidelines described for sampler decontamination, sample acceptability criteria, and sample processing (Section 6) will help ensure that samples are representative.

3.8.4 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 study project manager will evaluate if the data quality objectives can still be met or if additional samples may need to be collected and analyzed.

3.8.5  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 sampling and analysis plan (SAP), the goal of comparability will be achieved.  

4.0. Sample Collection Methods and Techniques

This section describes sample collection procedures that will be followed to help ensure that program data quality objectives are met.  Included in this section are health and safety requirements, station positioning, sample collection and processing procedures, and field documentation. 

4.1 Sampling Equipment

· Precleaned PVC core tubes.  KCEL uses 2 ¾” x 3’ tubes with one end filed to tapered edges to form a penetrating edge.  Tubes are cleaned in the lab with detergent 8, soaking in a 5 % acid solution, and finally rinsed with deionized water.  After air drying, both ends of the tubes are covered with foil.
· Set of prelabeled sampling containers.  For current King County routine streams project, this includes containers metals, organics, conventionals, and subcontracted parameters.  See attached tables for container type, preparation, and sample volumes.
· Stainless steel spatula, spoons, and bowl for compositing and splitting sample
· Shoulder or elbow length sturdy nitrile gloves for sample collection from stream
· Lab quality nitrile gloves for compositing and splitting samples 
· Fieldsheets with a clipboard and waterproof pens
· Scientific collection permit if appropriate
· Field clothes and safety gear, including orange traffic vest
· Gate keys for appropriate sites
· Handheld GPS
· Several plastic 5 gallon carboys of laboratory RO water for equipment cleaning
· Detergent 8 and scrub brushed
4.2 Sample Collection Location
The majority of these samples are collected at the mouths of streams that are part of the King County routine stream monitoring program.  As outlined in the EPA method for sampling streams sediments, “contaminants are more likely to be concentrated in sediments typified by fine particle size and a high organic matter content.  This type of sediment is most likely to be collected from depositional zones.”  For this reason, KCEL personnel will attempt to select a sampling location where fines are present.  If no such location can be found, a location with the smallest grain size observed will be sampled, and this will be noted on the field sheet.  If appropriate, a handheld GPS will be used to acquire and record NAD83 coordinates for latitude and longitude of the location.  The project manager will be involved in selecting the streams to be sampled in any year.

4.3 Sample Collection and Processing

Samples are collected from beneath a shallow aqueous layer (<2 ft) using a precleaned PVC core tube to penetrate the bottom sediment of the stream to a depth of five to ten centimeters.  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 stream.  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 streambed 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.

It is possible that not all stations will yield a large enough sample volume to allow completion of all requested analyses.  Analyses have been ranked in order of decreasing priority, as follows:

· Total Metals

· Conventionals analyses, including ammonia nitrogen, PSD, total solids, TOC, ortho- and total phosphorus, pH and total sulfide

· BNA and selected other organic compounds

· AVS/SEM

· PCBs and organochlorine pesticides

Note:  The exception to the sediment compositing regime is the collection of a sediment aliquot for analysis of AVS/SEM.  This aliquot should be collected from the first acceptable grab and placed immediately into the appropriate container (no headspace).

4.4 Sampler Decontamination

The sampler will be decontaminated between sampling stations as necessary by scrubbing with a brush to remove excess sediment, and a thorough in situ rinsing.  The use of a phosphate-free detergent solution will be optional.  Solvent or acid decontamination of samplers in the field is not recommended to prevent the introduction of these chemicals into the sampling environment.

4.5 Sample Documentation

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

Unique sample numbers will be assigned to each sampling location for which sediment is collected.  Sample numbers will be assigned prior to the sampling event and waterproof labels generated for each sample container.  

4.5.2 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.  Information recorded on field notes will include, but not be limited to:

· name of recorder,

· sample or station number,

· sample station locator information,

· date and time of sample collection (all times will be recorded for multiple sampler deployments),

· 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 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.

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.  Sample containers will be selected based on Puget Sound Protocol guidelines (PSEP, 1996).  Information contained on sample labels will include:  a unique sample number; information about the sampling location; the collection date; the requested analyses; and information about any chemical used in sample preservation.  Sample containers are summarized in Table 5.

	Table 5. Sample Containers, Storage Conditions, Preservation and Analytical Hold Times

	Analyte
	Container
	Preferred

Storage Conditions
	Hold Time
	Acceptable

Storage Conditions 
	Hold Time

	Ammonia


	4-oz. glass
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	7 days to analyze
	freeze at -18SYMBOL 176 \f "Symbol"C
	6 months to analyze

	Particle Size Distribution
	16-oz. glass
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	6 months to analyze
	N/A
	N/A

	Total Organic

Carbon (TOC)
	4-oz. glass
	freeze at -18SYMBOL 176 \f "Symbol"C
	6 months to analyze
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	14 days to analyze

	Total phosphorus

(collect w/Ammonia)
	4-oz. glass
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	7 days to analyze
	freeze at -18SYMBOL 176 \f "Symbol"C
	6 months to analyze

	Orthophosphate Phosphorus

(collect w/Ammonia)
	4-oz. glass
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	7 days to analyze
	freeze at -18SYMBOL 176 \f "Symbol"C
	6 months to analyze

	Total Solids

(collect w/ TOC)
	4-oz. glass
	freeze at -18SYMBOL 176 \f "Symbol"C
	6 months to analyze
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	14 days to analyze

	pH
	4-oz. glass
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	ASAP
	N/A
	N/A

	Total Sulfide
	4-oz. glass 
	refrigerate at 4SYMBOL 176 \f "Symbol"C

w/ 2N Zn acetate

No headspace
	7 days to analyze
	N/A
	N/A

	Acid Volatile Sulfide (AVS)


	4-oz. glass
	refrigerate at 4SYMBOL 176 \f "Symbol"C 

No headspace
	14 days to analyze
	N/A
	N/A

	Mercury (Hg) (collect with other metals)

	250-ml HDPE
	freeze at -18SYMBOL 176 \f "Symbol"C
	28 days to analyze
	N/A
	N/A

	SEM Mercury (collect w/other SEM metals)
	250-ml or 500-ml acid washed PE, NM or WM
	HNO3 to pH<2, room temperature
	14 days to analyze
	N/A
	N/A

	Other Metals (collect w/Mercury
	250-ml HDPE
	freeze at -18SYMBOL 176 \f "Symbol"C
	2 years to analyze
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	6 months to analyze

	SEM Metals (collect w/SEM Mercury)
	250-ml or 500-ml acid washed PE, NM or WM
	HNO3 to pH<2, room temperature
	14 days to analyze
	N/A
	N/A

	WTPH-HCID
	4-oz. glass, no headspace
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	14 days to extract
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	14 days to extract

40 days to analyze

	BNAs, including PAHs, phthalates  and other  compounds
	16-oz. glass
	freeze at -18SYMBOL 176 \f "Symbol"C
	1 year to extract

40 days to analyze
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	14 days to extract

40 days to analyze

	Organochlorine pesticides/PCBs 
	16-oz. glass
	freeze at -18SYMBOL 176 \f "Symbol"C
	1 year to extract

40 days to analyze
	refrigerate at 4SYMBOL 176 \f "Symbol"C
	14 days to extract

40 days to analyze


Notes:

BNAs – base/neutral/acid extractable semivolatile organic compounds 

5.2 Sample Preservation and Storage Requirements

Sediment samples will be stored under chain of custody at the ELD 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 Table 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.  Chain of custody documentation will be initiated when the first sample is collected and updated continuously throughout the sampling event.  Documentation will be completed for each day of field sampling.  Information to be included on the documentation is sample number, date and time 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 locked in a field vehicle.  Samples will not be considered in custody when left unattended in the field 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 QA1 data analysis and meet the project goals and objectives.

6.1 Testing Requirements

This section presents the chemical and biological analytical 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 Conventional Analyses and Detection Limits

Conventional analyses, analytical methods and associated detection limits  are summarized in Table 4.  AVS/SEM (SEM extract preparation only)  and total sulfide analyses will be subcontracted to AmTest, Inc. in Redmond, Washington.  All other conventional analyses will be performed at the King County Environmental Laboratory.

	Table 6. Conventionals Methods and Detection Limits (King County Environmental Lab)

	Parameter
	LIMS Product
	LIMS listtype
	Method
	MDL
	RDL
	Units

	Ammonia Nitrogen
	NH3-KCL
	CVNH3-KCL
	SM 4500-NH3-G
	0.2
	0.4
	mg/Kg dry wt.

	PSD (gravel and sand)
	PSD
	CVPSD
	ASTM D422
	0.1
	1
	% of total solids

	PSD (silt and clay)
	PSD
	CVPSD
	ASTM D422
	0.5
	1
	% of total solids

	Total Organic Carbon
	TOC
	CVTOC
	EPA 9060
	1,000
	2,000
	mg/Kg dry wt.

	Total Phosphorus
	TOTP-3050
	CVTOTP-3050
	EPA 3050A / SM4500-P-E,F
	12.5
	25
	mg/Kg dry wt.

	Orthophosphate Phosphorus
	ORTHOP-OL
	CVORTHOP-OL
	SM4500-P-F
	0.4
	1.0
	mg/Kg dry wt.

	pH
	PH
	CVPH
	SW846 9045C
	N/A
	N/A
	pH

	Total Solids
	TOTS
	CVTOTS
	SM 2540-G
	0.005
	0.01
	percent wet wt.

	Total Sulfide
	TOTSULFIDE
	CVTOTSULFIDE-SUB
	PSEP, p.32
	20
	NA
	mg/Kg dry wt.

	Acid Volatile Sulfide
	AVS
	CVAVS-SUB
	EPA, 19911
	10
	NA
	mg/Kg dry wt.


Notes: 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.

NA – subcontract laboratory does not report RDL.

6.1.2 Metal Analyses and Detection Limits

Target elements, analytical methods, and associated detection limits are summarized in Table 7.  All metals analyses will be performed by the King County Environmental Laboratory.  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.  ICP-MS target elements, analytical methods and associated detection limits are summarized in Appendix X1.  SEM-extract metals, with the exception of mercury, will be analyzed by ICP-OES.  SEM-extract mercury will be analyzed by CVAA.  Target SEM metals, methods and associated detection limits are summarized in Table 8.

	Table 7. Total Metals, Methods, and Detection Limits (mg/Kg dry weight)

	Analyte
	LIMS Product
	LIMS listtype
	Method
	MDL
	RDL

	Cadmium
	Cd-ICP
	MTICP-SED, 6-SED
	EPA 3050A/6010B
	0.3
	1.5

	Chromium
	Cr-ICP
	MTICP-SED, 6-SED
	EPA 3050A/6010B
	0.5
	2.5

	Copper
	Cu-ICP
	MTICP-SED, 6-SED
	EPA 3050A/6010B
	0.4
	2

	Lead
	Pb-ICP
	MTICP-SED, 6-SED
	EPA 3050A/6010B
	3
	15

	Mercury
	Hg-CVAA
	MTHG-SED, 6-SED
	EPA 7471A
	0.04
	0.4

	Nickel
	Ni-ICP
	MTICP-SED, 6-SED
	EPA 3050A/6010B
	2
	10

	Zinc
	Zn-ICP
	MTICP-SED, 6-SED
	EPA 3050A/6010B
	0.5
	2.5


	Table 8. SEM Metals, Methods, and Detection Limits (mg/Kg wet weight)

	Analyte
	LIMS Product
	LIMS listtype
	Method
	MDL
	RDL

	Cadmium
	Cd-SEM, EXT
	MTICP-SEM, 6-SEM
	EPA 200.7
	0.003
	0.015

	Chromium
	Cr-SEM, EXT
	MTICP-SEM, 6-SEM
	EPA 200.7
	0.005
	0.025

	Copper
	Cu-SEM, EXT
	MTICP-SEM, 6-SEM
	EPA 200.7
	0.004
	0.02

	Lead
	Pb-SEM, EXT
	MTICP-SEM, 6-SEM
	EPA 200.7
	0.03
	0.15

	Mercury
	Hg-SEM, EXT
	MTHG-SEM, 6-SEM
	EPA 245.1
	0.0002
	0.0006

	Nickel
	Ni-SEM, EXT
	MTICP-SEM, 6-SEM
	EPA 200.7
	0.02
	0.1

	Zinc
	Zn-SEM, EXT
	MTICP-SEM, 6-SEM
	EPA 200.7
	0.005
	0.025


6.1.3 Organic Analyses and Detection Limits

All organic analyses will be performed at the King County Environmental Laboratory.  Organic parameters will include base/neutral/acid extractable semivolatile compounds (BNAs), petroleum hydrocarbon fuels screening, organochlorine pesticides and polychlorinated biphenyls (PCBs).  The analytical methods and detection limits for the target organic compounds are summarized on a dry weight basis below.

The detection limits for the target BNA compounds are summarized in Table 9.  BNA analysis is performed according to EPA methods 3550B/8270A (SW 846), which employs solvent extraction with sonication and analysis by gas chromatography/mass spectroscopy (GC/MS).  The LIMS product for this analysis is BNAFULL and listtype is ORBNAFULL.

	Table 9. BNA Target Analytes and Detection Limits ((g/Kg dry weight)

	Analyte
	MDL
	RDL
	Analyte
	MDL
	RDL

	1,2,4-Trichlorobenzene
	0.52
	1.0
	Bis(2-Chloroethoxy) Methane
	34
	68

	1,2-Dichlorobenzene
	0.52
	1.0
	Bis(2-Chloroethyl) Ether
	29
	58

	1,2-Diphenylhydrazine
	20
	40
	Bis(2-Chloroisopropyl) Ether
	29
	58

	1,3-Dichlorobenzene
	0.52
	1.0
	Bis(2-Ethylhexyl) Phthalate
	13
	26

	1,4-Dichlorobenzene
	0.26
	0.52
	Carbazole
	14
	28

	2,4,5-Trichlorophenol
	24
	48
	Chrysene
	7.9
	16

	2,4,6-Trichlorophenol
	26
	52
	Coprostanol
	28
	56

	2,4-Dichlorophenol
	32
	64
	
	
	

	2,4-Dimethylphenol
	14
	28
	Dibenzo(a,h)anthracene
	14
	28

	2,4-Dinitrotoluene
	6.0
	12
	Dibenzofuran
	28
	56

	2,6-Dinitrotoluene
	20
	40
	Diethyl Phthalate
	12
	24

	2-Chloronaphthalene
	32
	64
	Dimethyl Phthalate
	22
	44

	2-Chlorophenol
	16
	32
	Di-N-Butyl Phthalate
	10
	20

	2-Methylnaphthalene
	28
	56
	Di-N-Octyl Phthalate
	16
	32

	2-Methylphenol
	38
	76
	Fluoranthene
	16
	32

	2-Nitrophenol
	29
	58
	Fluorene
	26
	52

	4-Bromophenyl Phenyl Ether
	18
	36
	Hexachlorobenzene
	1.3
	2.6

	4-Chlorophenyl Phenyl Ether
	26
	52
	Hexachlorobutadiene
	1.5
	3.0

	4-Methylphenol
	32
	64
	Hexachloroethane
	29
	58

	Acenaphthene
	14
	28
	Indeno(1,2,3-cd)pyrene
	18
	36

	Acenaphthylene
	29
	58
	Isophorone
	38
	76

	Aniline
	38
	76
	Naphthalene
	28
	56

	Anthracene
	7.9
	16
	Nitrobenzene
	32
	64

	Atrazine
	
	
	N-Nitrosodimethylamine
	40
	80

	Benzo(a)anthracene
	4.0
	8.0
	N-Nitrosodi-N-propylamine
	18
	36

	Benzo(a)pyrene
	6.0
	12
	N-Nitrosodiphenylamine
	40
	80

	Benzo(b)fluoranthene
	6.0
	12
	Pentachlorophenol
	10
	20

	Benzo(g,h,i)perylene
	16
	32
	Phenanthrene
	7.9
	16

	Benzo(k)fluoranthene
	6.0
	12
	Phenol
	18
	36

	Benzoic Acid
	12
	24
	Pyrene
	7.9
	16

	Benzyl Alcohol
	12
	24
	Simazine
	
	

	Benzyl Butyl Phthalate
	12
	24
	
	
	


The detection limits for the target chlorinated pesticide/PCB compounds are summarized in Table 10.  Chlorinated pesticide/PCB analysis is performed according to EPA methods 3550/8081A/8082 (SW 846), which employs solvent extraction with sonication and analysis by gas chromatography/electron capture detector (GC/ECD) with dual column confirmation. The LIMS products for this analysis PESTLL and PCBLL and listtypes are ORPESTLL and ORPCBLL.

	Table 10. Chlorinated Pesticide/PCB Target Analytes and Detection Limits ((g/Kg dry weight)

	Analyte
	MDL
	RDL
	Analyte
	MDL
	RDL

	Aroclor 1016 
	6.7
	13.3
	Delta-BHC 
	0.67
	1.33

	Aroclor 1221 
	16
	33
	Dieldrin 
	0.67
	1.33

	Aroclor 1232 
	16
	33
	Endosulfan I 
	0.67
	1.33

	Aroclor 1242 
	6.7
	13.3
	Endosulfan II 
	0.67
	1.33

	Aroclor 1248 
	6.7
	13.3
	Endosulfan Sulfate 
	0.67
	1.33

	Aroclor 1254 
	6.7
	13.3
	Endrin 
	0.67
	1.33

	Aroclor 1260 
	6.7
	13.3
	Endrin Aldehyde 
	1.3
	2.7

	4,4'-DDD 
	0.67
	1.33
	Gamma-BHC (Lindane) 
	0.67
	1.33

	4,4'-DDE 
	0.67
	1.33
	Gamma-Chlordane 
	0.67
	1.3

	4,4'-DDT 
	0.67
	1.33
	Heptachlor 
	0.67
	1.33

	Aldrin 
	0.67
	1.33
	Heptachlor Epoxide 
	0.67
	1.33

	Alpha-BHC 
	0.67
	1.33
	Methoxychlor 
	3.3
	6.7

	Alpha-Chlordane
	0.67
	1.33
	Toxaphene 
	6.7
	13.3

	Beta-BHC 
	0.67
	1.33
	
	
	


	Table 11. Nonionizable Organic Compound Detection Limits (mg/Kg of TOC at 0.5% TOC by dry weight)

	Analyte
	MDL
	RDL
	Analyte
	MDL
	RDL

	2-Methylnaphthalene
	5.6
	11.2
	1,2,4-Trichlorobenzene
	0.10
	0.208

	Acenaphthene
	2.8
	5.6
	1,2-Dichlorobenzene
	0.10
	0.208

	Acenaphthylene
	5.8
	11.6
	1,3-Dichlorobenzene
	0.10
	0.208

	Anthracene
	1.6
	3.16
	1,4-Dichlorobenzene
	0.052
	0.104

	Benzo(a)anthracene
	0.8
	1.6
	Hexachlorobenzene
	0.26
	0.52

	Benzo(a)pyrene
	1.2
	2.4
	Benzyl Butyl Phthalate
	2.4
	4.8

	Benzo(b)fluoranthene
	1.2
	2.4
	Diethyl Phthalate
	2.4
	4.8

	Benzo(g,h,i)perylene
	3.2
	6.4
	Dimethyl Phthalate
	4.4
	8.8

	Benzo(k)fluoranthene
	1.2
	2.4
	Di-N-Butyl Phthalate
	2.0
	4.0

	Chrysene
	1.6
	3.16
	Bis(2-Ethylhexyl) Phthalate
	2.6
	5.2

	Dibenzo(a,h)anthracene
	2.8
	5.6
	Di-N-Octyl Phthalate
	3.2
	6.4

	Fluoranthene
	3.2
	6.4
	Dibenzofuran
	5.6
	11.2

	Fluorene
	5.2
	10.4
	Hexachlorobutadiene
	0.3
	0.6

	Indeno(1,2,3-cd)pyrene
	3.6
	7.2
	Hexachloroethane
	5.8
	11.6

	Naphthalene
	5.6
	11.2
	N-Nitrosodiphenylamine
	8.0
	16

	Phenanthrene
	1.6
	3.16
	PCBs (Aroclors)
	1.3/3.2
	2.7/6.4

	Pyrene
	1.6
	3.16
	
	
	


Table 11 provides organic carbon-normalized detection limits based on a dry-weight TOC concentration of 5,000 mg/Kg or 0.5%.

The target list for other organic compounds and associated MDL, RDL, LIMS product and LIMS listtype is listed below in Table 12.

	Table 12. Other Organic Compound Target Analytes, Methods, and Detection Limits (µg/Kg dry weight)

	Analyte
	LIMS Product
	LIMS listtype
	Method
	MDL
	RDL

	Bis(2-ethylhexyl)adipate
	BNALLFULL
	ORBNAFULL
	EPA methods 3550B/8270A (SW 846)
	25
	50

	Bisphenol A
	BNALLFULL
	ORBNAFULL
	EPA methods 3550B/8270A (SW 846)
	25
	50

	Total  4-nonylphenols
	BNALLFULL
	ORBNAFULL
	EPA methods 3550B/8270A (SW 846)
	50
	100


Petroleum hydrocarbon fuels screening (semi-quantitative) will be conducted by  WTPH-HCID.  Any target compounds detected during screen will be further investigated using appropriate quantitative fuels methodology.  Screening methodology, MDL, RDL, LIMS product and LIMS listtype is listed below in Table 13.

	Table 13. Petroleum Hydrocarbon Screening Method, MDL and RDL (µg/Kg dry weight)

	Hydrocarbon range
	LIMS Product
	LIMS listtype
	Method
	MDL
	RDL

	Gasoline (C7 – C12)
	WTPH-HCID
	ORWTPH-HCID
	WDOE NWTPH-HCID (7-3-05-001)
	10
	10

	Diesel (C12 – C22)
	WTPH-HCID
	ORWTPH-HCID
	WDOE NWTPH-HCID (7-3-05-001)
	25
	25

	Heavy Oil (>C22)
	WTPH-HCID
	ORWTPH-HCID
	WDOE NWTPH-HCID (7-3-05-001)
	50
	50


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

Chemistry data will undergo standard sediment QA1 review according to PSDDA guidelines (PTI, 1989a) 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 Green River and Lake Washington watersheds.  QC data to be included with a 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.

6.2.1 Chemical Analyses

The QC samples that will be analyzed in association with sediment chemical testing are summarized in Table 14.

	Table 14. Sediment Chemistry Quality Control Samples

	Analyte
	Method Blank
	Duplicate
	Triplicate
	Matrix Spike
	SRM
	Surrogates

	Ammonia 
	Yes
	No
	Yes
	Yes
	No
	No

	PSD
	No
	No
	Yes
	No
	No
	No

	TOC
	Yes
	No
	Yes
	Yes
	Yes
	No

	Total Phosphorus
	Yes
	No
	Yes
	Yes
	No
	No

	Orthophosphate Phosphorus
	Yes
	No
	Yes
	Yes
	No
	No

	pH
	No
	No
	Yes
	No
	No
	No

	Total Solids 
	Yes
	No
	Yes
	No
	No
	No

	Total Sulfide
	Yes
	No
	Yes
	Yes
	No
	No

	Acid Volatile Sulfide
	Yes
	No
	Yes
	No
	No
	No

	Metals, SEM Metals
	Yes
	Yes
	No
	Yes
	Yes
	No

	BNAs
	Yes
	Yes
	No
	Yes
	Yes
	Yes

	Petroleum Hydrocarbon Screening
	Yes
	Yes
	No
	Yes
	Yes
	Yes

	Chlorinated Pesticides
	Yes
	Yes
	No
	Yes
	Yes
	Yes

	PCBs
	Yes
	Yes
	No
	Yes
	Yes
	Yes


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

	Table 15. QA1 Acceptance Criteria for Sediment Chemistry Samples

	Analyte
	Method Blank
	Duplicate
	Triplicate
	Matrix Spike
	SRM
	Surrogates

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

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

	TOC
	< MDL
	N/A
	RSD < 20%
	75 - 125%
	80 - 120%
	N/A

	Total Phosphorus
	<MDL
	N/A
	RSD < 20%
	70 - 130%
	N/A
	N/A

	Orthophosphate Phosphorus
	<MDL
	N/A
	RSD < 20%
	70 - 130%
	N/A
	N/A

	pH
	N/A
	N/A
	RSD < 5%
	N/A
	N/A
	N/A

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

	Total Sulfide
	< MDL
	N/A
	RSD < 20%
	65 - 135%
	N/A
	N/A

	AVS
	< MDL
	N/A
	RSD < 20%
	75 – 125%
	N/A
	N/A

	Metals/SEM Metals 
	< MDL
	RPD < 20%
	N/A
	75 - 125%
	perf-based
	N/A

	BNAs
	< MDL
	RPD < 35%
	N/A
	perf-based
	perf-based
	perf-based

	Petroleum Hydrocarbons
	<MDL
	
	N/A
	50 - 150%
	N/A
	50 - 150%

	Chlor. Pesticides
	< MDL
	RPD < 35%
	N/A
	perf-based
	perf-based
	perf-based

	PCBs
	< MDL
	RPD < 35%
	N/A
	perf-based
	perf-based
	perf-based



< MDL - Method Blank result should be less than the method detection limit.


RPD  -  Relative Percent Difference


RSD  -  Relative Standard Deviation

        N/A   - Not Applicable

Metals matrix spike limits of 75 to 125% apply when the sample concentration is less than 4 times the spike concentration.


Metals performance based SRM acceptance criteria are listed in Table A1


QC results for matrix spike, SRM, and surrogates are in percent recovery of analyte.


Metals matrix spike limits of 75 to 125% apply when the sample concentration is less than 4 times the spike concentration.
The data qualification flags which will be used by the King County Environmental Laboratory for this project are presented in Table 16.  These data qualifiers address situations that require qualification and generally conform to QA1 guidance(Ecology, 1989a).  The KC 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 have been discussed with and approved by the Sediment Management Unit of Ecology.

	Table 16. Data Qualifier Flags and QA1 Acceptance Criteria 

	Condition to Qualify
	Flag
	Organics

QC Limits
	Metals

QC Limits
	Conventionals

QC Limits

	Very low matrix spike recovery
	X
	< 10 %
	< 10 %
	< 10 %

	Low matrix spike recovery 
	G
	perf-based
	< 75%
	< 65 - 75%

	High matrix spike recovery
	L
	perf-based
	>125%
	> 125 - 135%

	Very low SRM recovery
	X
	< 10 %
	< 10 %
	

	Low SRM recovery
	G
	perf-based
	perf-based
	< 80%

	High SRM recovery
	L
	perf-based
	perf-based
	>120%

	High duplicate RPD
	E
	>35 %
	>20%
	N/A

	High triplicate RSD
	E
	N/A
	N/A
	> 35%

	Less than the reporting detection limit
	< RDL
	RDL
	RDL
	RDL

	Less than the method detection limit
	< MDL
	MDL
	MDL
	MDL

	Contamination in method blank
	B
	> MDL
	> MDL
	> MDL

	Very biased data, low surrogate recoveries
	X
	<10%
	N/A
	N/A

	Biased data, low surrogate recoveries
	G
	perf-based
	N/A
	N/A

	Biased data, high surrogate recoveries
	L
	perf-based
	N/A
	N/A

	Rejected, unusable for all purposes
	R
	
	
	

	A sample handling criterion has been exceeded
	H
	
	
	


Metals data are not qualified based on low SRM recovery since a different digestion method is used.

The average fraction surrogate recovery is used for BNA analysis, both surrogate recoveries are used for pesticide/PCBs.

Sample handling criteria include exceedance of hold time and incorrect preservation, container, or storage conditions.
Metals matrix spike limits of 75 to 125% apply when the sample concentration is less than 4 times the spike concentration.

7.0. Data Analysis, Record Keeping, and Reporting

The King County Environmental Laboratory will provide a 90-day turnaround time for all analytical data, starting upon receipt of the last sample collected.  Each laboratory unit will provide a narrative describing analyses conducted, the contents of their data package including discussion of any anomalies or 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 STS 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 available sediment quality guidelines.

7.2 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.
7.3 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 King County Environmental Laboratory);

· 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 King County Science and Technical Support);

· a QA1 review narrative of chemistry data including supporting QC documentation including submittals to the State’s SedQual database (provided by the King County Environmental Laboratory);

· a technical memorandum, summarizing field sampling, analytical work, and interpretation of the results (provided by the King County Science and Technical Support).

· posting results regularly to the streams web pages.

· 5-year and 10-year program assessment reports.

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.

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

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

8.1 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 staff 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 (e.g., chemical resistant coveralls, etc.  ).  Field staff will exercise good personal hygiene prior to eating or drinking.
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Appendix A
Metals Performance-Based  QC Limits

Tables 

Laboratory QC Limits for Sediment Metals, SRM Recoveries

	Parameter                       
	Lower Limit (%)
	Upper Limit (%)

	Cadmium 
	78
	114

	Chromium 
	50
	70

	Copper 
	81
	105

	ICP-MS metals
	80
	120

	Lead
	79
	103

	Mercury 
	80
	120

	Nickel 
	72
	92

	Zinc 
	77
	101


Appendix A
ICP-MS Analysis and Detection Limits

Total Metals, Methods, and Detection Limits (mg/Kg dry weight)

	Analyte
	LIMS Product
	LIMS listtype
	Method
	MDL
	RDL

	Cadmium
	Cd, Total, ICP-MS
	MTICPMS-SED, 6-SED
	EPA 6020
	0.01
	0.05

	Chromium
	Cr, Total, ICP-MS
	MTICPMS-SED, 6-SED
	EPA 6020
	0.02
	0.2

	Copper
	Cu, Total, ICP-MS
	MTICPMS-SED, 6-SED
	EPA 6020
	0.04
	0.2

	Lead
	Pb, Total, ICP-MS
	MTICPMS-SED, 6-SED
	EPA 6020
	0.02
	0.1

	Nickel
	Ni, Total, ICP-MS
	MTICPMS-SED, 6-SED
	EPA 6020
	0.03
	0.15

	Zinc
	Zn, Total, ICP-MS
	MTICPMS-SED, 6-SED
	EPA 6020
	0.05
	0.25









