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Foreword

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the nation’s air, water, and land resources. Under a mandate of national environmental laws, the Agency strives to formulate and implement actions leading to a compatible balance between human activities and the ability of natural systems to support and nurture life.  To meet this mandate, the EPA’s Office of Research and Development provides data and science support that can be used to solve environmental problems and build the scientific knowledge base needed to manage our ecological resources wisely, understand how pollutants affect our health, and prevent or reduce environmental risks.



The Environmental Technology Verification (ETV) Program has been established by the EPA to verify the performance characteristics of innovative environmental technology across all media and report this objective information to permitters, buyers, and users of the technology, thus substantially accelerating the entrance of new environmental technologies into the marketplace.  Verification organizations oversee and report verification activities based on testing and quality assurance protocols developed with input from major stakeholders and customer groups associated with the technology area.  ETV consists of six environmental technology centers. Information about each of these centers can be found on the Internet at http://www.epa.gov/etv/. 



Effective verifications of monitoring technologies are needed to assess environmental quality and to supply cost and performance data to select the most appropriate technology for that assessment.  Under a cooperative agreement, Battelle has received EPA funding to plan, coordinate, and conduct such verification tests for “Advanced Monitoring Systems for Air, Water, and Soil” and report the results to the community at large. Information concerning this specific environmental technology area can be found on the Internet at http://www.epa.gov/etv/centers/center1.html.
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The U.S. Environmental Protection Agency (US EPA) Environmental Technology Verification (ETV) Program’s Advanced Monitoring System (AMS) conducts third-party performance testing of commercially available technologies that detect or monitor natural species or contaminants in air, water, soil, and sediment. The purpose of ETV is to provide objective and quality assured performance data on environmental technologies so that users, developers, regulators, and consultants can make informed decisions about purchasing and applying these technologies. Stakeholder committees of buyers and users of such technologies recommend technology categories, and technologies within those categories become priorities for testing. Among the technology categories recommended for testing is toxicity testing technologies, including sediment and aqueous toxicity for assessment of environmental quality in marine, freshwater and estuarine systems.

Traditionally, the bioavailability and toxicity of contaminated sediments or water samples are assessed on grab or composite samples collected in the field and tested in a laboratory. Test organisms are added to site sediment or water samples in beakers and exposed under controlled conditions (e.g., temperature, pH, salinity, photoperiod, feeding regime, aeration) for a specified time period (e.g., EPA, 1994a; EPA, 2000; ASTM, 2000; ASTM, 2010). This laboratory-based method of assessing sediment quality, although widely used and well established, does not necessarily represent the true in-situ exposure and effects to organisms in the field. This is especially true when the source of contamination is ephemeral, meaning exposure varies over time and with ambient conditions. Another challenge with laboratory testing is that sediment sample manipulation removes the natural vertical contaminant stratification, which in turn alters the exposure to test organisms. Such manipulation may also result in alteration of the contaminant bioavailability through processes including degradation, volatilization, and redox changes. Sediment samples removed from the field undergo physical and chemical changes which change the bioavailability and toxicity of the contaminants and may lead to misleading results in the laboratory and subsequent difficulty in program decision making. 

In addition, laboratory tests may overestimate toxicity from sediment-associated contaminants due to buildup of contaminant concentrations in the overlying water as toxicants desorb from the sediment into the water column (WC). In aqueous exposures, laboratory tests may also misrepresent actual exposure in the field when static exposures are used as a means of assessing the potential for adverse effects of a time-varying stressor (e.g., stormwater runoff, combined sewer overflow, etc.). The limitations of standard laboratory toxicity testing and chemical analyses lead to potentially inappropriate and costly management decisions.  
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The SEA Ring (U.S. Patent No. 8,011,239) is an integrated, field tested, toxicity and bioavailability assessment device. This device was developed at the Space and Naval Warfare Systems Command (SPAWAR) in San Diego, California and is commercially available from Zebra-Tech, LTD. Figure 2.1a shows the first generation version of the SEA Ring technology. The second generation model (Figure 2.1b) is the version used in this ETV verification. The second generation system is the commercialized version of the prototype, which was designed to be more user-friendly, more autonomous, and more rigorous to withstand environmental conditions over exposure time. The unit consists of 10 cylindrical chambers fixed to a circular ultra-high molecular weight polyethylene (UHMWPE) platform. The top end of each chamber is fitted with an integrated, multifunctional cap. The cap includes both overlying water intake and outlet ports, and an organism delivery port (opening for an optional modified plastic 30 cubic centimeter [cc] syringe). The intake port connects to a peristaltic pump that is housed in the center of the device and powered by rechargeable batteries stored in a separate housing underneath the pump. The pump is programmable to provide chamber water volume exchange at a rate (range ~6 to >50 turnovers per day) desired for the site- or project-specific preferences.

The SEA Ring was designed to evaluate toxicity in the water column (WC), sediment water interface (SWI), and/or surficial sediment (SED). The SED chambers are open on the bottom, 10 in in length, 2.75 in in diameter, and extend 5 in below the base of the system (Figure 2a). Small sediment dwelling organisms can be introduced into the SED chambers through the organism delivery port built into the cap with a modified 30 cc plastic syringe. The syringe is plugged with a silicone stopper inside the test chamber to retain the organisms until desired release. For larger organisms, a ½ inch stainless steel mesh is integrated into the bottom opening of the exposure chamber, allowing organisms to be preloaded prior to deployment. The WC and SWI chambers are 5 in in length, 2.75 in in diameter, and have a closed bottom. The bottom consists of a solid plastic polyethylene cap or mesh insert for SWI testing. Organisms for the WC and SWI tests can be loaded in the laboratory or in the field immediately prior to deployment. In the center of the circular platform there is a custom-built peristaltic pump and battery. These components are fully encased and water tight. The intake to the test chambers is located on top of the cap (Figure 2.2b). Each inlet is directly connected to the pump through individual tubes that pass over the pump roller. As the pump rotor turns, compressing and releasing pressure on the tubing, ambient water from the surrounding area is circulated through each chamber. Water then leaves each chamber through an outlet port also located in the cap. The inlet and outlet ports house small screens to prevent the loss of organisms from the chamber. A water quality sensor or passive sampler can also be attached to one of the chambers. Water quality sensors are used to measure a variety of physical parameters including pH, temperature, depth, salinity, conductivity, and dissolved oxygen (DO) from inside the exposure chambers.

      (
a)
) (
b)
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[bookmark: _Toc362295812]Figure 2.2.  Second generation SEA Ring Technology (U.S. Patent Number 7,758,813). 

a) Schematic of SEA Ring, b) Exposure chamber cap.
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3.1  Test Overview

The purpose of the test was to generate performance data on the SEA Ring for assessing WC toxicity and contaminated sediment (SED) toxicity and bioaccumulation potential using indigenous organisms. All testing was conducted at the SPAWAR Systems Center (SSC) Pacific Bioassay Laboratory (referred to as SPAWAR) by SPAWAR staff with Battelle and AMEC Environment and Infrastructure (AMEC) conducting the technical systems audit and QA oversight. The performance of the SEA Ring to EPA and ASTM methods was evaluated utilizing two different species: Pacific topsmelt (Atherinops affinis) and mysid shrimp (Americamysis bahia) for water toxicity testing; and three different species, the  Bbent-nosed clam (Macoma nasuta), marine amphipod (Eohaustorius estuarius), and marine polychaete (Neanthes arenaceodentata) were used for sediment toxicity and bioaccumulation testing. Four sediment types (two control sediments a metals contaminated sediment (MS) and a PCB contaminated sediment (PSNS), and four copper concentrations (0, 100, 200 and 400 µg/L) were used for the sediment and water toxicity tests, respectively. The primary evaluation assessed survival, growth, and bioaccumulation of contaminants in the aquatic and benthic organisms exposed in the SEA Ring compared to responses achieved in the laboratory using standard ASTM and EPA methods. In performing the verification test, SPAWAR and Battelle followed the technical and QA procedures specified in the SEA Ring Verification QAPP (Battelle, 2012), and also complied with the data quality requirements in the AMS Center QMP (Battelle, 2011).  	Comment by G_Lotufo: Define as first time it appears

The SEA Ring tests were evaluated on the following performance parameters:

· Repeatability - the variability in biological response among the five replicate exposure chambers in a SEA Ring	Comment by G_Lotufo: Per ASTM E 1367 what you are describing here is a measure of precision.

· Comparability - comparison between results obtained from tests in the SEA Ring and traditional EPA and ASTM laboratory methods.

· Intra-unit Reproducibility - to determine if different SEA Rings are capable of producing the same results. 	Comment by G_Lotufo: This could be called repeatability.

· Operational factors (qualitative assessment) - includes ease of use, training and sustainability (sampling time, waste produced, and the amount of protective equipment required by the individual operating the technology). 

Testing was conducted in the laboratory, in two rounds, by SPAWAR staff with support from the technology representative and QA oversight by Battelle and Adrienne Cibor of AMEC. The first round of testing was conducted during November and December 2012, while the second round of testing was conducted during February and March 2013.  



3.2  Test Location

SEA Ring and concurrent bench-top tests following relevant EPA and ASTM methods were set up and evaluated at SPAWAR. With the exception of PCB congener analyses in sediment and tissue by the USACE ERDC Chemistry Laboratory, all analyses were performed at SPAWAR. 



3.3  Experimental Design

The following sections describe the test procedures that were used to evaluate each of the performance parameters listed below:

• Repeatability;

• Comparability;

• Intra-unit reproducibility; and

• Operational factors.

Prior to initiation of the SEA Ring verification test, sediment samples were collected for use in the experiment and test organisms obtained from commercial vendors. Sample collection records included the collection date, location, name of collector, and storage conditions (Appendix A). Test organism records included the source, date and location of collection as well as organism age, and holding and acclimation conditions (Appendix A).

3.3.1 Sediment, Water and Organism Sources

Four different types of sediment were used in the ETV verification of the SEA Ring, each of which was sampled using standard sediment collection and storage procedures (ASTM 2008). Sediment samples were collected using sampling equipment that was pre-cleaned, scrubbed and rinsed with site water, with careful attention not to sample from the sides of the sediment  sampling device (box corere or Van veen grab sampler depending on the site) to avoid cross-contamination. Sediment samples were shipped overnight on ice to SPAWAR) and were stored in the dark at 4 ⁰C until use for experiments. Prior to introduction to test chambers, sediments were homogenized and sieved to < 2.0 mm to remove shell hash and other indigenous material that might potentially interfere with the laboratory bioassays. Sediments used in the study were verified for PCB or metal concentration, total organic carbon (TOC), % solids, and grain size.  

Control Sediments (YB or DB): Control sediments were collected from two uncontaminated sites – Yaquina Bay, OR (referred to as YB) and from Discovery Bay, OR (referred to as DB). YB sediment was obtained from Northwestern Aquatic Sciences (Newport, OR) at the collection site for the marine amphipod. The DB sediment was obtained from J&G Gunstone Clams, Inc. (Port Townsend, WA). The sediment from Discovery Bay was used as the control sediment for the clam as it was obtained from the clam collection site and was deemed more appropriate to ensure the clams had enough food (higher TOC content relative to YB sediment).

Metals Contaminated Sediment (MS): Naturally copper and zinc-contaminated fine-grained (75.5% silt and clay) sediment was obtained from an undisclosed (proprietary) site (referred to as MS), and used for sediment toxicity testing.	Comment by G_Lotufo: other metals are likely present

PCB Contaminated Sediment (PSNS): A medium-fine grained (48.9% silt and clay) field sediment sample from the Puget Sound Naval Shipyard in Bremerton, WA (referred to as PSNS) was used for sediment toxicity and bioaccumulation testing, and is known to be elevated for numerous classes of chemicals, including PCBs.

Laboratory Seawater: The laboratory seawater used for all bioassays was 0.45 µm filtered seawater (FSW) collected from near the mouth of San Diego Bay on an incoming high tide. This water has been routinely used successfully to conduct toxicity testing that regularly meets test acceptability criteria (TAC) for a number of different standardized laboratory tests. The FSW was used as the overlying water for the sediment tests and as the dilution water for the aqueous toxicity tests.

Test Organisms: For sediment tests, three organisms were used: a free burrowing deposit feeder (the marine amphipod), a deposit feeding tube building organism (polychaete), and a facultative filter feeding clam (the bent-nosed clam). For the aqueous tests, two common west coast marine test organisms were used: mysid shrimp and Pacific topsmelt.

[bookmark: _Toc211141074][bookmark: _Toc235523876][bookmark: _Toc235606349][bookmark: _Toc273544846]The age/size and source information for the test organisms are provided in Tables 3.1 through 3.5. All test organisms were received at least 3 days prior to use, during which they were acclimated to appropriate test conditions (salinity, temperature and lighting). During the acclimation period, water quality measurements of temperature, salinity, DO, and pH were recorded daily. Observations of abnormal behavior and mortality of each batch of organisms were taken and noted. Mortality was less than 5% for each organism type, which ensured high quality organisms were being used. All organisms were visually inspected to confirm that they were of the proper size, and in good health, prior to use in toxicity testing.




[bookmark: _Toc362341365][bookmark: _Toc319654149]Table 3.1. Toxicity Test Methodology and QA/QC Requirements for Water Column Toxicity Tests Using the Mysid Shrimp Americamysis bahia

		Test organism

		Mysid shrimp - Americamysis bahia 



		Test organism source

		Aquatic BioSystems – Laboratory culture (Fort Collins, CO)



		Test organism age at initiation

		5 days post-hatch; less than or equal to 24-h range in age (required) 



		Test period

		Round 1: 12/3/2012 – 12/7/2012

Round 2: 3/25/2013 – 3/29/2013



		Test duration; endpoint

		96-hour; survival



		Test solution renewal

		80% volume renewal one time (48 hours)



		Feeding

		Artemia nauplii, twice daily



		Test chamber

		0.5-L plastic cup (laboratory); 5 inch cellulose acetate buyrate (CAB) core tube (SEA Ring)



		Test solution volume

		Approximately 500 mL (laboratory and SEA Ring)



		Test temperature

		20 ± 1°C test-wide mean, 20 ± 3°C instantaneous



		Dilution water

		Filtered (0.45 µm) natural seawater collected from near the mouth of San Diego Bay at SPAWAR



		Salinity

		32 ± 2% ppt



		Test concentrations

		0 (control), 100, 200, 400 µg/L Cu



		Number of organisms/chamber

		10



		Number of replicates

		5



		Photoperiod

		16 hours light/8 hours dark., ambient laboratory lighting



		Aeration

		None, unless DO < 4 mg/L



		Test Protocol

		EPA-821-R-02-012 (EPA, 2002)



		Test acceptability objective 

		 90 % mean survival in natural seawater control



		Reference toxicant

		Copper sulfate (Standard EPA laboratory method only); five concentrations (5 replicates each)
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Table 3.2. Toxicity Test Methodology and QA/QC Requirements for Water Column Toxicity Tests Using Topsmelt Atherinops affinis

		[bookmark: _Toc235523878][bookmark: _Toc235606351][bookmark: _Toc273544848]Test organism

		Pacific Topsmelt – Atherinops affinis 



		Test organism source

		Aquatic BioSystems - Laboratory culture (Fort Collins, CO)



		Test organism age at initiation

		12 days post-hatch (Round 1); 15 days post-hatch (Round 2)



		Test period

		Round 1: 12/3/2012 – 12/7/2012

Round 2: 3/25/2013 – 3/29/2013



		Test duration; endpoint

		96-hour; survival



		Test solution renewal

		80% volume renewal at 48 hours



		Feeding

		Artemia nauplii, twice daily



		Test chamber

		0.5-L plastic cup (laboratory); 5 inch CAB core tube (SEA Ring)



		Test solution volume

		Approximately 500 mL (laboratory and SEA Ring)



		Test temperature

		20 ± 1°C test-wide mean, 20 ± 3°C instantaneous



		Dilution water

		Filtered (0.45 µm) natural seawater collected from near the mouth of San Diego Bay at SPAWAR



		Salinity

		32 ± 2% ppt



		Test concentrations

		0 (control), 100, 200, 400 µg/L Cu



		Number of organisms/chamber

		5



		Number of replicates

		5



		Photoperiod

		16 hours light/8 hours dark, ambient laboratory lighting



		Aeration

		None, unless D.O. < 4 mg/L



		Test Protocol

		EPA-821-R-02-012 (EPA 2002)



		Test acceptability objective

		 90 % mean survival in natural seawater control



		Reference toxicant

		Copper sulfate (standard EPA laboratory method only); 96 hours, 48-hr renewal/five concentrations (5 replicates each) 
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[bookmark: _Toc235523873][bookmark: _Toc235606346][bookmark: _Toc273544843][bookmark: _Toc362341366][bookmark: _Toc319654151]Table 3.3. Toxicity Test Methodology and QA/QC Requirements for Solid-Phase Toxicity Tests Using the Marine Amphipod Eohaustorius estuarius 

		Test organism

		Marine amphipod – Eohaustorius estuarius



		Test organism source

		Northwestern Aquatic Sciences (Newport, OR)



		Test organism age at initiation

		NA - Field collected (3-5 mm adult)



		Test period

		11/16/2012 – 11/26/2012



		Test duration; endpoint

		10 days; survival



		Test solution renewal

		None



		Feeding

		None



		Test chamber

		1-L glass jar (laboratory), 10 inch CAB core tube (SEA Ring)



		Control sediment source

		Sediment from amphipod collection site, Yaquina Bay, OR (YB)



		Test sediment depth

		2 cm (laboratory and SEA Ring)



		Overlying water volume

		750  ml (laboratory and SEA Ring)



		Test temperature

		18 ± 1ºC test-wide mean, 18 ± 3ºC instantaneous



		Overlying water

		Filtered (0.45 µm) natural seawater collected from near the mouth of San Diego Bay at SSC Pacific Laboratory



		Salinity

		32 ± 2% ppt



		Test concentrations 

		Undiluted sediment sieved to < 2.0 mm



		Number of organisms/chamber

		20



		Number of replicates

		5 (laboratory and SEA Ring, each)



		Photoperiod

		Continuous light (24 hr), ambient laboratory lighting



		Aeration

		Laboratory filtered air, continuous (1-2 bubbles per second delivered through a Pasteur pipette in laboratory beaker, 1-2 bubbles per second from three Pasteur pipettes in SEA Ring Chemtainer (outside exposure chambers)



		Test Protocol

		EPA 600-R-94-025 (EPA, 1994)



		Test acceptability objective

		 90 percent mean survival in control



		Reference toxicant

		Cadmium chloride (standard EPA laboratory method only); 96-h water only exposure; five concentrations (3 replicates each)









[bookmark: _Toc362341367][bookmark: _Toc319654152]Table 3.4. Toxicity Test Methodology and QA/QC Requirements for Solid-Phase Toxicity and Bioaccumulation Tests Using the Marine Polychaete Neanthes arenaceodentata

		Test organism

		Marine polychaete, Neanthes arenaceodentata



		Test organism source

		Dr. Mary Ann Rempel Hester, Aquatic Toxicity Support, Inc. (Bremerton, WA)



		Test organism age at initiation

		2 weeks



		Test period

		Round 1: 11/16/2012 – 12/14/2012

Round 2: 2/6/2013 – 2/26/2013



		Test duration; endpoint(s)

		Round 1: 28 days; survival, growth, bioaccumulation    

Round 2: 20 days; survival, growth, bioaccumulation



		Test solution renewal

		Twice-weekly with filtered seawater



		Feeding 

		1 ml of flake food slurry twice weekly after test solution renewal (slurry comprised of 100 mL seawater: 1 g Tetramin® fish feed) 



		Test chamber

		1-L glass jar (laboratory), 10 inch CAB core tube (SEA Ring)



		Control sediment source

		Sediment from the amphipod collection site, Yaquina Bay, OR (YB)



		Test sediment depth

		5 cm (laboratory and SEA Ring)



		Overlying water volume

		750  ml (laboratory and SEA Ring)



		Test temperature

		18 ± 1°C test-wide mean, 18 ± 3°C instantaneous



		Overlying water

		Filtered (0.45 µm) natural seawater collected from near the mouth of San Diego Bay at SPAWAR



		Salinity

		32 ± 2% ppt



		Test concentrations 

		Undiluted sediment sieved to < 2.0 mm 



		Number of organisms/chamber

		20



		Number of replicates

		5 (laboratory and SEA Ring, each)



		Photoperiod

		16 hours light/8 hours dark, ambient laboratory lighting



		Aeration

		Laboratory filtered air, continuous (1-2 bubbles per second delivered through a Pasteur pipette in laboratory beaker, 1-2 bubbles per second from three Pasteur pipettes in SEA Ring Chemtainer (outside exposure chambers)



		Test Protocol

		ASTM 2000 E1611-00



		Test acceptability objective

		 90 percent mean survival in control



		Reference toxicant

		Copper Sulfate (standard ASTM laboratory method only); 96-hr water only exposure; five concentrations (3 replicates each)







[bookmark: _Toc362341368][bookmark: _Toc319654153]Table 3.5 Test Methodology and QA/QC Requirements for 28-Day Bioaccumulation Tests Using the Marine Clam Macoma nasuta

		Test organisms

		Bent-nosed clam, Macoma nasuta 



		Test organism source

		J&G Gunstone Clams, Inc. (Port Townsend, WA)



		Test organism age at initiation

		~1” Small Adult (field collected)



		Test period

		Round 1: 11/16/2012 – 12/14/2012

Round 2: 2/6/2013 – 2/20/2013



		Test duration; endpoint(s)

		Round 1: 28 days; survival, bioaccumulation 

Round 2: 14 days; survival, bioaccumulation 



		Test solution renewal

		Three-times weekly with filtered seawater



		Feeding

		None



		Test chamber

		5 1-L glass beakers; 5 1-L CAB core tubes in Chemtainer (SEA Ring)



		Control sediment source

		Sediment collected from clam collection site, Discovery Bay, OR (DB)



		Test sediment depth

		5 cm (laboratory and SEA Ring chambers)



		Overlying water volume

		750 mL (laboratory and SEA Ring)



		Test temperature

		18 ± 3 °C instantaneous 



		Overlying water

		Filtered (0.45 µm) natural seawater collected from near the mouth of San Diego Bay at SPAWAR



		Salinity

		32 ± 2% ppt 



		Test concentrations 

		Undiluted sediment sieved to <2.0 mm



		Number of organisms/chamber

		Round 1: 4

Round 2: 3



		Number of replicates

		5 (laboratory and SEA Ring, each)



		Photoperiod

		16 hours light/8 hours dark, ambient laboratory lighting



		Aeration

		Laboratory filtered air, continuous (1-2 bubbles per second delivered through a Pasteur pipette in laboratory beaker, 1-2 bubbles per second from three Pasteur pipettes in SEA Ring Chemtainer (outside exposure chambers)



		Test Protocol

		EPA 503/8-91/001, ASTM E-1688-10



		Test acceptability objective

		 90 percent mean survival in controls



		Reference toxicant

		None






3.3.2 Equipment Preparation

All SEA Ring hardware was cleaned in a dilute (2%) detergent (Liquinox) overnight, followed by an overnight conditioning in FSW, and then rinsed with flowing deionized water. All disposable parts were new upon initiation of all toxicity tests, but were also conditioned with FSW and rinsed with deionized water prior to use. All SEA Rings were fully charged prior to programming and subsequent initiation of toxicity tests. SEA Rings were programmed to the desired turnover rate (full exchange of water between the inner exposure chamber and the water in the Chemtainer per day) appropriate for each test type (Table 3.6). It should be noted that although each SEA Ring was programmed to circulate the overlying water inside the Chemtainer, no actual replacement of water from the system was made until the scheduled water-renewal was conducted per the relevant laboratory-based protocol. This was done to maximize comparability between the laboratory and SEA Ring test results. The pumping regime was adjusted for the Round 2 experiments to increase water flow/exchanges of water within the inner exposure chambers.

All glass mason jars, serving as laboratory sediment test exposure chambers, were thoroughly cleaned with (2%) detergent (Liquinox) and then rinsed five times with deionized water. A 4 hr soak in 10% HNO3 acid bath was followed by rinsing with acetone and five subsequent rinses with deionized water. Water column exposure chambers for the bench tests were all new 0.5 L plastic (polyethylene) cups. All chambers were rinsed thoroughly with FSW prior to use. 

All instruments used for water quality measurements were calibrated daily according to manufacturer specifications. For the SEA Rings, three In-Situ© Troll 9500 datasondes were calibrated according to manufacturer specifications prior to placement into flow-through cells for water quality monitoring of the overlying water quality of Round 1 sediment testing at 5 minute intervals.  One Troll was included for each sediment type, by use of a flow-through cell in-line with the last N. arenaceodentata replicate.

3.3.3 Sediment Toxicity Tests 

Figure 3.2 illustrates the sediment test design. Approximately 200 g (Round 1) or 300g (Round 2) of homogenized test sediment was added to each test chamber (1 L glass mason jar or SEA Ring exposure chamber), followed by gentle introduction of approximately 700 mL of FSW. Screens (500µm) for the inlet and outlet of the SEA Ring exposure chambers were secured to prevent organism loss and the chamber tops or caps were secured in place with locking pins per the SEA Ring standard operating procedure (SOP), and each unit was placed into a Chemtainer with approximately 45 L FSW to completely submerge the unit. Both the laboratory exposure chambers and SEA Rings were placed in a temperature controlled environmental chamber (18 ± 1˚C). Overlying water in all glass jar test chambers was continuously aerated with filtered laboratory air at a rate of approximately 100 bubbles per minute to maintain DO concentrations above the minimum threshold of 4 mg/L. The water in the Chemtainer outside of the SEA Ring was aerated continuously with air stones to allow the delivery of aerated water (> 4 mg/L) to the exposure chambers as the water was pumped from the Chemtainer. All sediment test chambers were allowed to settle overnight prior to the introduction of organisms on the following day. Subsamples of sediments were collected from each sediment type for chemical analysis and frozen until ready for shipment to the USACE ERDC Chemistry Laboratory (ERDC). Sediment samples were analyzed for 18 PCB congeners (National Oceanic and Atmospheric Administration Status & Trend congeners) extracted using pressurized fluid extraction (EPA Method 3545), and analyzed using gas chromatography (GC) following EPA Method 8082B. PCB concentrations are expressed as the sum of all detected PCB congeners, or as the sum of PCB homologs.	Comment by G_Lotufo: 18?

3.3.4 Water Column Toxicity Tests 

Filtered seawater was spiked with three concentrations of Cu, bracketing the expected median lethal concentration (LC50) for each of the two water column (WC) test species. Concentrations of Cu tested were 100, 200, and 400 parts per billion (µg/L) as Cu. The appropriate amount of Cu was added to FSW using a 1,000 parts per million (ppm) verified stock solution made from reagent grade copper sulfate (CuSO4•5H2O; Table 3.7). For Round 1, screens (500 µm) for the inlet and outlet of the inner exposure chamber were secured to prevent organism loss and the exposure chamber caps were placed on the exposure chambers. For the Round 2 experimental period, the inlet and outlet screens were 250 µm in size, as it was determined that the 500 µm sizing could potentially allow for the escape/loss of organisms from the exposure chambers. The SEA Ring exposure chambers were secured into the main device with a locking pin (Figure 2.2) and then the entire apparatus was placed into a Chemtainer with the appropriate Cu solution. The water in the Chemtainer outside of the SEA Ring was aerated continuously with air stones to allow the delivery of aerated water (> 4 mg/L DO) to the exposure chambers as the water was pumped from the Chemtainer. The entire Chemtainer with enclosed SEA Ring were placed in a temperature controlled environmental chamber (20 ± 1˚C).  Figure 3.2 illustrates the water column test design. Subsamples of each concentration were collected for verification and were analyzed at SPAWAR by Brandon Swope. Copper concentration in the exposure water was verified using a Perkin Elmer ELAN DRC II ICP-MS. The lab used EPA Method 6020 for quantification.

3.3.5 Test Initiations and Maintenance

Ammonia (using HACH method 10031), pH, dissolved oxygen, temperature, and salinity analysis of the overlying waters for each sample were made prior to introducing test organisms to ensure that conditions were within those tolerated. Organisms were arbitrarily selected and added to all SEA Ring test chambers through the organism delivery port in the exposure chamber cap. Laboratory bench tests were likewise initiated by arbitrarily selecting and carefully adding organisms to each exposure chamber. A subsample of organisms for the sediment exposures was collected, depurated overnight, and frozen without any exposure to assess time zero PCB tissue concentrations.

Daily water quality monitoring for all test types was conducted on aliquots collected from the SEA Ring chamber outlet valves and directly within the bench test chambers to ensure that acceptable test conditions were maintained. As indicated previously, Troll 9500 datasondes were used to continuously collect water quality parameters in SEA Ring chambers for some tests. During the exposure periods, observations were made daily of any mortality or unusual organism behavior. Any deviations from EPA and internal protocols that occurred during testing were noted on raw data sheets.

Water renewals were conducted according to the test method summaries in Tables 3.1 through 3.5. Approximately 80% of the overlying water was siphoned out of each test chamber and gently replaced with fresh FSW or Cu-spiked FSW, as appropriate, on water renewal days. The frequency of water renewals in the SEA Rings occurred with the same frequency as the concurrent traditional laboratory tests. For SEA Rings, water was removed from the Chemtainer and replaced, so as not to disturb the exposure chambers and also provide a renewal of approximately 80% of the total volume. All organisms were fed according to test conditions found in Tables 3.1 through 3.5.

[bookmark: _Toc362341369]Table 3.6 SEA Ring Pumping Regime

		Round 1:

		Test Type:



		

		Sediment Exposure

		Aqueous Exposure



		Chamber flushing duration (min)

		1

		1



		Chamber static duration (min)

		13

		5



		Approximate number of chamber turnovers within Chemtainer per day

		14

		47



		Round 2:

		Test Type:



		

		Sediment Exposure

		Aqueous Exposure



		Chamber flushing duration (min)

		1

		1



		Chamber static duration (min)

		3

		4



		Approximate number of chamber turnovers within Chemtainer per day

		72

		57





Note: Flow rate through the exposure chambers is approximately 100 mL/min of flushing.  A WC chamber is 500 mL, therefore, requires 5 minutes of flushing for a chamber turnover. SED chambers typically have 300-500 mL sediment (site-specific), The same turnover rate is used.






 [image: ]



[bookmark: _Toc362295813]Figure 3.1 Overview of Sediment Toxicity and Bioaccumulation Testing Approach with Both SEA Ring and Standard Laboratory Tests (Note: multiple exposure times listed because exposure duration shortened for Round 2 experiments) 
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[bookmark: _Toc362295814]Figure 3.2 Overview of Water Column Toxicity Testing Approach with Both SEA Ring and Standard Laboratory Tests







































[bookmark: _Toc362341370]Table 3.7 SEA Ring Cu Dilution Calculations – Water Column Tests

		Test Concentration (µg/L)

		1000 mg/L Cu Stock (mL)

		Filtered Sea Water (mL)

		Total Volume (mL)



		0

		0

		49,000

		49,000



		100

		4.923

		48,995

		49,000



		200

		9.846

		48,990

		49,000



		400

		19.692

		48,980

		49,000







[bookmark: _Toc362341371]Table 3.8 Laboratory Toxicity Test Cu Dilution Calculations – Mysid shrimp and Pacific Topsmelt Reference Toxicant Tests



		Test Concentration (µg/L)

		1000 mg/L Cu Stock (mL)

		Filtered Sea Water (mL)

		Total Volume (mL)



		0

		0

		4,500

		4,500



		50

		0.226

		4,499.77

		4,500



		100

		Combined with SEA Ring Dilutions



		200

		Combined with SEA Ring Dilutions



		400

		Combined with SEA Ring Dilutions



		800

		3.617

		4,496.38

		4,500










[bookmark: _Toc362341372]Table 3.9 Bench Toxicity Test Cu Dilution Calculations – Polychaete Reference Toxicant Tests



		Test Concentration (µg/L)

		5 mg/L Cu Stock (mL)

		Filtered Sea Water (mL)

		Total Volume (mL)



		0

		0

		1,500

		1,500



		25

		7.5

		1,492.5

		1,500



		50

		15

		1,485

		1,500



		100

		30

		1,470

		1,500



		200

		60

		1,440

		1,500



		400

		120

		1,380

		1,500







[bookmark: _Toc362341373]Table 3.10 Bench Toxicity Test Cd Dilution Calculations – Amphipod Reference Toxicant Test



		Test Concentration (µg/L)

		1070 mg/L Cd Stock (mL)

		Filtered Sea Water (mL)

		Total Volume (mL)



		0

		0

		1,500

		1,500



		1.25

		1.8

		1,498.2

		1,500



		2.5

		3.5

		1,496.5

		1,500



		5

		7

		1,493

		1,500



		10

		14

		1,486

		1,500



		20

		28

		1,472

		1,500







3.3.6 Toxicity and Bioaccumulation Test Termination

Ammonia concentrations were determined in the overlying water immediately prior to test termination for the sediment toxicity and bioaccumulation tests (using HACH method 10031). At test termination, the retaining pin holding each exposure chamber to the SEA Ring was removed and the chamber freed from the chamber holder (Figure 3.2). Test organisms from sediment tests using the SEA Ring exposure chambers and laboratory beakers were recovered by sieving sediment through a 500 μm mesh size stainless steel sieve, enumerated, and transferred to clean FSW to purge ingested sediment overnight. On the following day, whole amphipods and polychaetes, and soft body portions from clams from each replicate were quickly rinsed in deionized water, weighed (for wet weight/growth assessment), and frozen in glass scintillation vials until shipped to ERDC for chemistry analysis. Tissue analysis was conducted using a micro-extraction technique for use with small masses (150-500 mg wet weight; Jones et al., 2006). Tissue extracts were analyzed for PCB congeners by GC (EPA Method 8082B). PCB concentrations are expressed as the sum of all detected PCB congeners, or as the sum of PCB homologs. Tissue lipid analysis, also conducted by ERDC, was analyzed using a spectrophotometer at 490 nm following homogenization and chloroform/methanol extraction, and calibrated using stock solutions of soybean oil according to Van Handel (1985)

Test organisms from the water column exposures were transferred from individual SEA Ring exposure chambers to a Pyrex dish placed over a light table for enumeration of survivors.

The SEA Rings were removed from their respective Chemtainers and programming data was off-loaded for later analysis to verify pump performance. The In-Situ© Troll water monitoring device was likewise removed from the flow-cell and data were downloaded for later analysis.



[bookmark: _Toc362339139]3.4 Reference Toxicant Test

Concurrent reference toxicant tests were conducted with each relevant batch of test organisms to ensure organism and laboratory technical quality. Reference toxicants for the selected test types were Cu or cadmium (Cd), depending on the species (Tables 3.1 through 3.4). Five concentrations and a control were prepared from verified stock solutions consisting of CuSO4•5H2O (Tables 3.7 through 3.9) or CdCl2 (Table 3.10). Organisms were arbitrarily added to each test chamber following initial water quality measurements. Daily water quality measurements and survival observations were recorded. Upon termination of the reference toxicant tests, final water quality measurements were made and final evaluations of survival of organisms were recorded. Data were summarized in Microsoft Excel and LC50 calculations were determined through the use of CETIS (Tidepool Scientific) analytical software. LC50 values generated from the dose response curves for each species were within two standard deviations of the running mean historically observed for the laboratory (Appendix E).

[bookmark: _Toc362339140]3.5 Repeatability Tests 

Variability in biological response was evaluated among the five replicate exposure chambers in the SEA Ring to provide a measure of repeatability within a single treatment. This measure of repeatability was assessed by quantifying biological responses at the end of the exposure period. See Chapter 6.4 for details on the statistical comparisons made.



3.5.1 Sediment Toxicity and Bioaccumulation Repeatability Test

The marine amphipod and the marine polychaete were used for the sediment toxicity repeatability test. The survival of all species tested and the growth of polychaetes was compared among replicates for each of the sediment types used.

Bioaccumulation of total PCBs (as a sum of NOAA 18 PCB congeners) was evaluated in the amphipods, polychaetes, and clams that were exposed to PSNS sediments for both the SEA Ring and laboratory exposures. Time 0 and control treatments were also quantified for PCBs for comparison. 	Comment by G_Lotufo: should state this earlier



3.5.2 Water Column Toxicity Repeatability Test

For the water column toxicity repeatability test, the survival of both species, mysid and topsmelt, were evaluated across the five replicate chambers for each Cu concentration tested.



[bookmark: _Toc362339141]3.6 Comparability Tests 

Using results derived from the Repeatability Tests (Chapter 3.5) conducted, comparisons between survival, growth and bioaccumulation results obtained from tests in the SEA Ring and traditional EPA and ASTM laboratory methods were evaluated. Since both exposures occurred under controlled laboratory conditions, a goal of comparability within 25%, in addition to no statistical difference, was targeted. See Chapter 6 5 for detailed statistical analyses used for this evaluation.



[bookmark: _Toc362339142] 3.7 Reproducibility Test

To determine if different SEA Rings are capable of producing the same results, the 0 µg/L (control) and the 200 µg/L concentrations for the WC tests were set up in duplicate (as described in Chapter 3.3.2.). The duplicates were conducted concurrently with the same batch of test organisms, Cu stock solutions, dilution water batch, and test conditions to minimize potential confounding factors. Using results derived from the Repeatability Tests (Chapter 3.3.4), the mean survival for each SEA Ring was determined, with a goal of less than 25% difference, and no statistical difference, between the two SEA Rings tested. Detailed statistical analyses for this evaluation can be found in Chapter 6.6.
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[bookmark: _Toc362339143]Chapter 4

[bookmark: _Toc362339144]
Quality Assurance/Quality Control



[bookmark: _Toc43091488][bookmark: _Toc115673506][bookmark: _Toc115675741][bookmark: _Toc115676802][bookmark: _Toc115677217][bookmark: _Toc115678220][bookmark: _Toc115687464][bookmark: _Toc115687724][bookmark: _Toc115692043]QA/quality control (QC) procedures were performed in accordance with the QMP for the AMS Center and the QAPP for this verification test. QA/QC procedures and results are described in the following subchapters. 



[bookmark: _Toc362339145]4.1 Reference Method Quality Control

Table 4.1 presents a list of parameters that were proposed to be measured during the ETV tests and the TAC established for them in the QAPP. Some deviations to these specified procedures were observed during testing and noted during audits of the test. Further discussion of this aspect of the ETV test is provided below.



[bookmark: _Toc362341374]Table 4.1 QAPP Quality Control Measures and Acceptance Criteria

		
Test Activity

		Quality Control Measure

		Test Acceptance Criteria (TAC)



		Water Column Toxicity:

Mysid Shrimp &

Topsmelt

		Seawater control survival

		 90 % mean survival



		Solid-Phase Toxicity :

Amphipod 

		Uncontaminated sediment control survival

		 90 % mean survival



		Solid-Phase Toxicity and Bioaccumulation:

Polychaete

		Uncontaminated sediment control survival

		 90 % mean survival



		Solid-Phase Bioaccumulation:

Clam

		Uncontaminated sediment control survival

		Target of  90 % mean survival



		Reference Toxicants

		LC50

		± two standard deviations of the running mean for the testing laboratory



		Measurement of metals in sediment and water

		Initial Calibration (ICC)

		r ≥ 0.995



		

		Continuing Calibration Verification (CCV)

		±10% of true value



		

		Method blank

		No target analyte detected at > detection limit



		

		Laboratory control sample

		Recovery: 80 to 120%



		

		Matrix spike sample

		Recovery within laboratory control limits or 25 to 145%



		Measurement of PCBs in sediment and tissue

		ICC

		r ≥ 0.995



		

		Independent calibration verification (ICV)

		±20% of expected value



		

		CCV

		±20% of expected value



		

		Performance Evaluation Audit

		25 to 145%



		

		Method blank

		No target analyte detected at > detection limit



		

		Laboratory control sample

		Recovery: 80 to 120%



		

		Matrix spike sample

		Recovery within laboratory control limits or 25 to 145%



		

		Surrogate recover - Sediment

		TMX, 40 to 125%, decachlorobiphenyl, 50 to 125%



		

		Surrogate recover - Tissue

		TMX, 45 to 125% and decachlorobiphenyl, 45 to 125%.







The amphipod survival data for Round 1 testing was acceptable but the TAC for several other tests were not achieved during Round 1 testing:

· Mysid SEA Ring control survival was 82% and 80% rather than ≥ 90%, for Control A and B, respectively;

· Topsmelt SEA Ring control survival was 88% and 80% rather than ≥ 90%, for Control A and B, respectively;

· Clam laboratory test control survival was 65% rather than ≥ 90%;

· Clam SEA Ring control survival was 0% rather than ≥ 90%.

· Polychaete SEA Ring control survival was 0% rather than ≥ 90%;



The SPAWAR Principle Investigator and VTC determined that testing would be repeated based on realized concerns with respect to the conduct of the in situ SEA Ring design/exposure under laboratory conditions. 

Following a few minor modifications to the exposure approach, the TAC for all tests was achieved for all verification tests during Round 2. 



In general, the TACs were achieved by the analytical chemistry laboratories, although the suite of QC samples analyzed differed from the QAPP. The Round 2 samples for copper analysis were analyzed in three laboratory batches. In general, the QC results were acceptable.  

· The ICC and CCV results…	Comment by Darlington, Ramona: Will update 

· Method blank values were at or slightly higher than the limit of detection in most cases.

· The matrix spike sample recoveries met the TAC.

· Laboratory control samples were not analyzed. Sample duplicates and SRMs were analysed. No TAC were defined in the QAPP for duplicates and SRMs but the results were good (percent differences <10% and SRM recoveries >88%).



The samples for Round 2 PCB congener analysis were analyzed in four laboratory batches.  In general, the QC results were acceptable.  

· The ICC, ICV, and CCV results…	Comment by Darlington, Ramona: Will update

· Method blank values were less than the detection limit for all samples.

· Laboratory control (blank spike) and laboratory control duplicate sample recoveries for sediment and tissues samples were within or only slightly below the TAC for most congeners and the surrogate TMX for three of the four batches.  

· Matrix spike sample recoveries for sediment and tissue samples were within the TAC for all sample batches with one exception, Sample 3022201-01.

· One analytical batch contained only Sample 3022201-01 plus the suite of QC samples.  The QC results for this sample were anomalous: the TMX recoveries were extremely low for each of the six samples in the batch (11-13%) while the recoveries for the laboratory control samples were higher than those of the other batches, and the matrix spike and duplicate samples results were inconsistent, with relative percent differences of up to 144%. 

· The surrogate decachlorobiphenyl was not spiked into the PCB samples as specified in the QAPP while laboratory control sample duplicates were run with all batches and a matrix spike recovery duplicate was run with one batch. No TAC were defined for the duplicate QC samples.



[bookmark: _Toc362339146]4.2  Reference Toxicant Tests

Standard reference toxicant (SRT) tests are a means of assessing test precision and the health and sensitivity of each batch of test organisms. The reference toxicant is copper for most test species used at SPAWAR, but cadmium is typically used for amphipod reference toxicant tests. By exposing different batches of the test organism to the same concentrations of the reference toxicant in the same dilution water, under identical testing conditions, the lab can assess repeatability via comparison of LC50 or EC50 values over time for a given species. The LC50 value represents the concentration at which 50% mortality of test organisms is observed. In general, reference toxicant test results that fall within two standard deviations above or below the running mean are an indication of acceptable test performance. In addition to the mean and standard deviation, the coefficient of variation (CV) may also be used to demonstrate the lab’s precision. Actual tested concentrations in reference toxicant tests are dependent on the test method due to differences in sensitivity among species and endpoints. 

Table 4.2 shows the LC50 values for all of the SRT tests performed for this study and the mean LC50 values of historical SRT tests performed. Although the LC50 values from SRT tests for topsmelt and mysid shrimp were below the mean LC50 value for SRT tests historically performed by the laboratory (Table 4.2), they were within two standard deviations of the mean, indicating that the health and sensitivity of organisms used for the toxicity tests were acceptable. The LC50 value for the amphipod E. estuarius was higher than the mean LC50 value for SRT tests historically performed by the laboratory but was also within two standard deviations of the mean. Because the toxicity testing laboratory did not have sufficient historical SRT data for the polychaete to develop a control chart, data from a review article publisehdpublished by Reish and Gerlinger (1997) was used for comparison. The article reported published 96 hr LC50 concentrations for the polychaete that ranged from 80 to 570 µg/L. The LC50 for the SRT test conducted for this study fell within the range of those values suggesting that the health and sensitivity of the test organisms used for this study are acceptable. 



[bookmark: _Toc362341375]Table 4.2 Results of Standard Reference Toxicant Tests vs. Historical Laboratory Values



		Test Species 

		Test LC50 Results

		Historical Laboratory LC50 ± 2SD

(Values in parentheses are the ranges of acceptable LC50 results)

		Units for LC50 Values 



		Topsmelta

		83.00

		176.54 ± 116.7

(59.84 - 293.24)

		(µg/L)



		Mysidb

		229.74

		285.78 ± 133.4

(152.38 - 419.18)

		(µg/L)



		Amphipod

		8.62

		6.1 ± 4.3

(1.8 - 10.4)

		(mg/L)



		Polychaete

		141.42

		80 - 570c

		(µg/L)





 Notes:	Analyses for historical values are based on nominal concentrations.

		a - Linear regression (Probit analysis) conducted for point estimates.

		b - Trimmed Spearman-Kärber conducted for point estimates.

c - Based on Reish, D.J. and T.V. Gerlinger. 1997. A Review of the Toxicological Studies With Polychaetous Annelids. Bulletin of Marine Science, 60(2): 584 – 607.

[bookmark: _Toc259702512][bookmark: _Toc310503726][bookmark: _Toc322291287]

[bookmark: _Toc362339147]4.3 Audits

Three types of audits were performed during the verification test: a performance evaluation audit (PEA) of the analytical methods, a technical systems audit (TSA) of the verification test procedures, and a data quality audit (DQA). Audit procedures are described further below.

[bookmark: _Toc305016707][bookmark: _Toc305059317][bookmark: _Toc310503727][bookmark: _Toc322291288][bookmark: _Toc143057037][bookmark: _Toc238978871][bookmark: _Toc259702513][bookmark: _Toc238978870][bookmark: _Ref250563583][bookmark: _Toc43091535]4.3.1   Performance Evaluation Audit

A PE audit was conducted to assess the quality of the analytical measurements made for this verification test. National Institute of Standards and Technology (NIST) SRM 1974b, Organics in Mussel Tissue (Appendix C), was delivered to the ERDC laboratory as a blind sample for extraction and analysis of certified PCB congeners. The results were submitted to Battelle for assessment. Of the 24 non-co-eluting PCBs congeners, the results of 21 fell within the QAPP acceptance criteria (25 - 145%). No result was reported for PCB 170 and the results of PCB 180 were significantly higher than the certified value. Battelle requested that the laboratory review their results and re-submit the report. The revised data was acceptable for all parameters (Table 4.3).

[bookmark: _Toc362341376]Table 4.3 Laboratory Results for Tissue Performance Evaluation Audit.



		PCB#

		Laboratory Result

		SRM 1974b

		Percent Recovery

		Acceptable vs QAPP 



		18

		7.7

		8.3

		93%

		Yes



		28/31

		55.1

		NC

		-

		-



		44

		45.5

		38

		120%

		Yes



		49

		37.3

		55.9

		67%

		Yes



		52

		 61.9

		61.8

		100.2%

		Yes



		66/84

		 90.7

		NC

		-

		-



		70

		45.2

		59.3

		76%

		Yes



		74

		28.9

		35

		83%

		Yes



		82

		9.5

		11.5

		83%

		Yes



		87

		 36.4

		42.7

		85.2%

		Yes



		90/101

		68.3

		NC

		-

		-



		95

		 59.9

		59.6

		100.4%

		Yes



		99

		42.0

		58.4

		72%

		Yes



		105/146

		 66.5

		NC

		-

		-



		107

		7.7

		10.2

		75%

		Yes



		110/115

		90.8

		NC

		-

		-



		118

		105.7

		102

		103.6%

		Yes



		128

		14.0

		17.7

		79%

		Yes



		132

		 31.2

		24

		129.9%

		Yes



		138/163

		99.9

		NC

		-

		-



		146

		16.3

		19

		86%

		Yes



		149

		53.5

		69.2

		77%

		Yes



		153

		 112.4

		121

		92.9%

		Yes



		156

		7.9

		7.09

		112%

		Yes



		158

		9.1

		9.86

		92%

		Yes



		170

		2.3

		2.66

		86%

		Yes



		180

		 12.7

		11.5

		110.4%

		Yes



		183

		11.6

		12.3

		94%

		Yes



		187

		26.2

		29

		90%

		Yes





Bold indicates QAPP parameter (Section B4.1)

NC - Co-eluting PCBs could not be assessed

[bookmark: _Toc322291289]

4.3.2 Technical Systems Audit

Concurrent with Round 1 testing, a series of Technical Systems Audits (TSA) of the SEA Ring technology were conducted between November 16 and December 7, 2012 at SPAWAR in San Diego, CA. The TSAs were conducted by Ms. Pamela Chang (Battelle) and Adrienne Cibor (AMEC) using an audit checklist based on the QAPP. Five observations were noted during the audit; none of which impacted testing:

· Four, rather than three, clams were placed in each replicate container to ensure adequate tissue mass for analysis. This deviation was documented as Deviation #1.

· The copper concentrations for the sediment reproducibility test were 0 µg/L and 200 µg/L rather than 1 and 400 µg/L because preliminary tests indicated that sufficient numbers of organisms might not survive at the higher concentration, providing insufficient data for the statistical analysis. This deviation was documented as Deviation #3.

· Five replicates of five organisms each were used for the reference toxicant tests with mysid shrimp and topsmelt, which is the test standard (USEPA 2002).  The QAPP states in some places that three replicates would be used.   

· Water quality during the aqueous tests was measured daily with individual meters rather than with a Troll 9500 datasonde.   

In addition to the deviations noted above, the Principle Investigator noted the following deviations:

· Two SEA Rings were used for the reproducibility test for each copper concentration rather than three because a third SEA Ring was not available. This deviation decreased the robustness of the statistical analysis for reproducibility. This deviation was documented as Deviation #2.

· The reproducibility water toxicity test was conducted with five topsmelt in each chamber rather than ten. Due to the size of the organisms and the containers, it was determined that ten topsmelt in each chamber could cause crowding and potentially the health of the organisms. This deviation will not impact test results or statistics because five organisms is standard for the laboratory. This deviation was documented as Deviation #4.

· The organism exposure time for the sediment toxicity tests was reduced from 28 to 14 days (for clams) and 20 days (for polychaetes) for the second round of testing. For clams, the 14-day exposure was recommended by the SPAWAR research team to reflect the expected use of the SEA Ring for monitoring in situ sediment remedy effectiveness.  For polychaetes, this deviation was necessary to address dissolved oxygen deficiencies observed in both the bench test beakers and SEA Ring chambers during the first round of testing.. This deviation was documented as Deviation #5

Concurrent with Round 2 testing, a TSA was conducted on March 25, 2013 at the SPAWAR facility in San Diego, CA. The TSA was conducted by Ms. Adrienne Cibor (AMEC) using an audit checklist based on the QAPP and test modifications defined in QAPP Deviations 1 - 5. No aberrant findings or observations were identified during the audit.

[bookmark: _Toc43091492][bookmark: _Toc143057038][bookmark: _Toc238978872][bookmark: _Toc259702514][bookmark: _Toc305016709][bookmark: _Toc305059319][bookmark: _Toc322291290][bookmark: _Toc310503729]4.3.3 Data Quality Audit 

Two Audits of Data Quality (ADQ) were performed for aquatic acute tests and solid phase bioaccumulation tests. As specified in the QAPP, 100% of the verification test data were reviewed for quality by the VTC prior to the ADQ, and at least 10% of the data acquired during the verification test and 100% of the laboratory calibration and QC data were included in the ADQ.  The ADQs:

· Assessed test compliance with the QAPP and Deviations 1 – 5 testing requirements based on test bench sheets and supporting documentation.  

· Verified that the required documentation was complete and maintained according to QAPP requirements.

· Verified the accuracy and completeness of data transcribed from bench sheets to spreadsheets; calculations and spreadsheet formulae, and the data input to CETIS software used to calculate LC50s.  

· Traced data from the bench sheets, through reduction and statistical analysis, to final reporting to ensure the integrity of the reported results.  

The first ADQ was conducted for Round 1 test data by Mrs. Rosanna Buhl, Battelle AMS Center Quality Manager and Ms. Kristen Nichols, Battelle QA Specialist. Test records and spreadsheets were reviewed but no chemical data were audited due to poor survival during testing, preventing need for tissue samples to be analyzed. The results of the audit identified three findings and eight observations related to discrepancies between QAPP test criteria and test procedures, missing records, and transcription errors. 	Comment by G_Lotufo: which one?

The second ADQ is on-going. To date, spreadsheets and CETIS data input has been verified vs. laboratory bench sheets and supporting documentation and test conditions have been verified vs. the QAPP requirements as modified by the deviations. Elements of the ADQ pending include the review of analytical chemistry calibration and QC results and the report text. Prior to release of the final report, the report will be reviewed for overall data quality, including accuracy and completeness of the reported data vs. the verified data reported by the laboratories. The text will be reviewed against the data tables to ensure the discussion is consistent with the data. Any transcription and calculation errors will be reported to the VTC for correction and a data audit report prepared.	Comment by Darlington, Ramona: Will be updated
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[bookmark: _Toc362339149]Test Results



[bookmark: _Toc362339150]5.1 Repeatability Tests 



Repeatability tests the variability among five replicates within a SEA Ring. Repeatability tests were conducted for sediment toxicity, water column toxicity and sediment bioaccumulation tests. Before statistically evaluating the repeatability within the SEA Ring, the percent survival of the organisms in each control chamber must pass the TAC of 90% (targeted for most tests). During the ETV testing of the SEA Ring, both the sediment and water colum toxicity tests were repeated due to initially low percent survival in the replicates. During the repeat exposure (Round 2), the percent survival passed the TAC due to modifications made to optimize SEA Ring application under laboratory-based exposure conditions. During the discussion of the results, the initial exposure will be referred to as Round 1 and the repeat exposure will be referred to as Round 2. A summary of the test procedure is presented in Chapter 3. This section on repeatability discusses only the SEA Ring results because repeatability was evaluated only in the SEA Ring. Although concurrent laboratory tests were conducted, those results are evaluated in the section on Comparability.



5.1.1 Sediment Toxicity and Bioaccumulation Repeatability Test 



For both the Round 1 and Round 2 sediment toxicity tests three different test sediments (control (YB or DB), MS and PSNS) and three different organisms (amphipod, clam, and polychaete) were used as discussed in Chapter 3. PSNS sediment was used for both toxicity and bioaccumulation tests and the clam was included for bioaccumulation testing only so was exposed to the control and PSNS sediment only. As discussed in Chapter 3, the sediment toxicity tests were conducted with five replicates whereas the bioaccumulation test was conducted in triplicate. For the Round 2 testing only the clam and polychaete were used as the Round 1 amphipod sediment toxicity test passed the TAC. The exposure period for the Round 1 test was 10 days for the amphipod and 28 days for the polychaete and clam. For Round 2, the exposure period was reduced to 14 days for the clam and 20 days for the polychaete. These reduced exposure times are a viable option in the published ASTM and EPA methods, and are also more meaningful for intended SEA Ring use. A deviation report was approved by EPA for this change; this deviation was documented as Deviation #5.	Comment by G_Lotufo: did not pass?



5.1.1.1 Round 1 Sediment Toxicity and Bioaccumulation Test 

The first round of sediment and bioaccumulation toxicity tests were conducted from November to December 2012. Prior to the sediment toxicity test, the organisms were acclimatized for one week in filtered sea water. This took place from 11/9/2012 to 11/16/2012. During the acclimation period, water quality parameters pH, DO, tempearture and salinity were measured to ensure that they were within and remained within the TAC for the each organism. The TAC for each parameter and details of the Round 1 sediment toxicity test is presented in Chapter 3.

During the 10 day (amphipod) and 28 day (polychaete and clam) sediment toxicity test exposure period, the water quality parameters pH, salinity, DO and temperature generally remained within the acceptance criteria. On day 17, however, the DO in the SEA Ring for the clam control  sediment (DB) dropped to 3.7 mg/L, below the TAC of 4 mg/L, due to technician error that resulted in removal of the airstone from the chemtainer. Similarly, the DO dropped to 4.3 mg/L on day 17 in the polychaete control sediment exposures (YB), just slightly above the low range of the TAC. The airstones were replaced in the SEA Ring, and the DO concentration returned to the avarage of 7.5 mg/L. Laboratory data sheets of the water quality parameter data can be found in Appendix A. Although no water renewal is required for the 10 day static exposure period for the amphipod, the water was renewed in three of the five beaker replicates on day 7 of the amphipod 10 day exposure in YB sediment. This was done in error, yet had no apparent effect on the test results.

The mean percent survival for all replicates of each organism exposed during the Round 1 SEA Ring sediment toxicity tests are presented in Table 5.1. Shaded values are mean percent survival which did not pass the acceptance criterion of 90%. Detailed results for each of the chambers in the SEA Ring is provided in Appendix E. Several replicates showed decreased survival which led to mean percent survival that did not pass the TAC. The drop in DO concentration to below the acceptance criteria of 4 mg/L likely contributed to the mortality of both clams and polychaetes in their respective control sediments. The low DO exposure was due to technician error and was not attributed to the operation of the instrument, so the sediment toxicity test was repeated. Bioaccumulation of PCBs from the PSNS sediment in the clam and polychaete exposed during the Round 1 exposure was not evaluated due to the low survival. Bioaccumulation of PCBs in the amphipods was measured and is discussed below. 



[bookmark: _Toc362341377]Table 5.1 Percent Survival in the Replicates of the Round 1 SEA Ring Sediment Toxicity Tests



		Exposure

		Replicate

		Amphipod % Survival

		aClam 
% Survival

		Polychaete 
% Survival



		Yaquina Bay Control Sediment

		A

		100

		0

		0



		

		B

		85

		0

		0



		

		C

		100

		0

		5



		

		D

		95

		0

		0



		

		E

		100

		0

		0



		Mean % Survival

		96

		0

		1



		MS Sediment

		A

		85

		NA

		80



		

		B

		95

		

		85



		

		C

		80

		

		95



		

		D

		85

		

		90



		

		E

		85

		

		80



		Mean % Survival

		86

		

		86



		PSNS Sediment

		A

		80

		50

		65



		

		B

		75

		0

		50



		

		C

		75

		25

		45



		

		D

		80

		50

		40



		

		E

		85

		25

		25



		Mean % Survival

		79

		30

		45



		NA - Toxicity of copper contaminated MS sediment was not evaluated for the clam



		a Clams were exposed in DB control sediment







5.1.1.2 Round 2 Sediment Toxicity and Bioaccumulation Repeatability Test

The second round of sediment toxicity and bioaccumulation tests was conducted in February 2013. The same four test sediments (YB and DB control sediment, MS and PSNS) were tested. Two organisms, the clam and the polychaete, were exposed, for a period of  14 and 20 days respectively with the polychaete being exposed to all three sediment types and the clam being exposed to the control and PSNS sediment type for both toxicity and  bioaccumulation evaluation. Prior to the toxicity and bioaccumulation testing, the organisms were again acclimated in filtered sea water from 2/1/2013 to 2/6/2013. The water quality parameters DO, salinity, temperature and pH were monitored daily and remained within the TAC for all test organisms for both the acclimation and the exposure period. Laboratory data sheets of the water quality parameter data can be found in Appendix A. The mean percent survival for all replicates of each organism exposed during the Round 1 SEA Ring sediment toxicity tests are presented in Table 5.2. Both species had controls that met TAC for mean percent survival.



[bookmark: _Toc362341378]Table 5.2 Percent Survival in the Replicates of the Round 2 SEA Ring Sediment Toxicity Tests

		Exposure

		Replicate

		aClam 
% Survival

		Polychaete 
% Survival



		Yaquina Bay Control Sediment

		A

		100

		100



		

		B

		100

		95



		

		C

		100

		-*



		

		D

		100

		80



		

		E

		100

		100



		Mean % Survival

		100

		93.8



		MS Sediment

		A

		NA

		80



		

		B

		

		100



		

		C

		

		100



		

		D

		

		100



		

		E

		

		95



		Mean % Survival

		

		95



		PSNS Sediment

		A

		100

		100



		

		B

		100

		100



		

		C

		100

		85



		

		D

		100

		100



		

		E

		100

		95



		Mean % Survival

		100

		96



		NA - Toxicity of copper contaminated MS sediment was not evaluated for the clam



		a Clams were exposed in DB control sediment

* Replicate was dropped on termination and organisms were lost







Since the % survival of each of the treatments passed the TAC and sufficient tissue was obtained, the PCB concentration was measured in the clams and polychaetes exposed during the Round 2 testing and the amphipods exposed during the Round 1 testing. The details of the bioaccumulation measurements are discussed in Chapter 3 of this report. The PCB concentration was normalized to the percent lipid content of the organisms because PCBs accumulate in the lipid fraction of the organism. The total percent lipid was determined from all three replicates to give a single value for each species whereas a total PCB concentration for each replicate was determined for each species. So for each organism and sediment type three PCB concentrations and one total percent lipid was reported. The PCB content of each replicate was divided by the percent lipid determined for each treatment. PCBs accumulated in the tissue of the organisms exposed to the PSNS sediment; however, no PCBs were detected in the organisms exposed to the control sediments. Table 5.3 provides the PCB content normalized to percent lipid for the PSNS exposures. 

[bookmark: _Toc362341379]Table 5.3 PCB Content for the Treatments in the SEA Ring Bioaccumulation Test



		Organism

		 PCB (µg/kg)

		% lipid

		PCB normalized to % lipid (µg/kg)



		Amphipod

		718

		1.27

		566



		

		5,051

		

		3,977



		

		3,685

		

		2,902



		Clam

		67

		0.36

		185



		

		113

		

		315



		

		80

		

		224



		Polychaete

		391

		1.94

		201



		

		374

		

		193



		

		373

		

		192



		Data shown for PSNS Sediment which was used for bioaccumulation.
Data not shown for control sediment because PCB concentration was below detection limits for all organisms tested.









5.1.2 Water Column Toxicity Repeatability Test 

For both Round 1 and Round 2 water column toxicity tests, two organisms were used (topsmelt and mysid shrimp) and each organism was exposed to four different copper concentrations (0  (Control), 100, 200 and 400 µg/L). As discussed in Chapter 3, each treatment was run in five replicates. This discussion of the repeatability for the water column toxicity test will discuss the survival in the SEA Ring. Simultaneous tests were conducted in laboratory beakers and will be discussed during the discussion of comparability. The water column toxicity tests were initially conducted in November 2012, but due to the controls not meeting TAC, the tests were repeated in March 2013. In the Round 1 test, percent survival was slightly below the required 90% (Table 5.4) due to the escape of the organisms through the 500 µm mesh screen that covered the outlet valve in the chamber cap. For the Round 2 test the mesh screen in the outlet was replaced with a smaller screen size of  250 µm. In the Round 2 water column toxicity tests, all the controls passed the TAC of 90% survival. The percent suvival in the SEA Ring water column toxicity tests are presented in Table 5.4. 

[bookmark: _Toc362341380]Table 5.4 Percent Survival in Replicates from the SEA Ring Water Column Toxicity Test 



		Concentration              (mg/L Cu)

		% Survival



		

		Round 1

		Round 2



		

		Mysid

		Topsmelt

		Mysid

		Topsmelt



		Control

		90

		100

		100

		100



		

		60

		80

		100

		100



		

		100

		80

		100

		100



		

		100

		80

		90

		100



		

		60

		100

		100

		100



		Mean % Survival

		82

		88

		98

		100



		100

		80

		80

		90

		20



		

		80

		60

		100

		20



		

		70

		20

		90

		20



		

		90

		60

		100

		80



		

		80

		100

		100

		20



		200

		30

		0

		90

		0



		

		20

		60

		80

		0



		

		30

		60

		60

		20



		

		20

		40

		50

		0



		

		40

		20

		30

		0



		400

		0

		0

		0

		0



		

		0

		0

		0

		0



		

		0

		0

		0

		0



		

		0

		0

		0

		0



		

		20

		0

		10

		0





		Grey shading indicates control treatments that did not meet the acceptability criteria during Round 1

		Copper concentration are nominal not measured concentrations

[bookmark: _Toc362339151]5.2  Comparability Tests

Comparability compares the results obtained from tests in the SEA Ring to traditional EPA and ASTM laboratory methods. This comparison was done for both sediment and water column toxicity tests. Survival, growth (polychaete only), and bioaccumulation were measured and compared in the sediment toxicity tests, and survival was compared in the water column toxicity test. Water quality was also measured daily during both the sediment and water column toxicity tests in the laboratory beakers. The water quality parameters DO, salinity, pH and temperature in the SEA Ring and laboratory EPA and ASTM tests were compared. These results are presented in Appendix D.



5.2.1 Sediment Toxicity and Bioaccumulation Comparability Tests



The data used to evaluate the repeatability among the sediment toxicity tests within a SEA Ring were compared to identical tests conducted simultaneously in the laboratory for the comparability measurements. For the sediment toxicity test, the clam and polychaete results from the Round 2 tests were used and the data from the Round 1 amphipod tests were used for the comparison.

During the exposure period for the laboratory sediment toxicity test, the same number of organisms and replicates were used as was used for the repeatability tests in the SEA Ring. The water quality was also measured daily and was within the TAC for the duration of the test. Appendix D compares the values for each water quality parameter measured in the SEA Ring to the values obtained from the identical laboratory sediment toxicity tests for all three organisms and test sediments. 

In order to compare the survival of the organisms in the SEA Ring to the laboratory tests, mean percent survival was calculated for each treatment. Table 5.5 shows the mean percent survival of organisms in the sediment toxicity tests. Survival for all three sediment test organisms passed TAC for both the SEA Ring and laboratory exposures.









[bookmark: _Toc362341381]Table 5.5 Comparision of Mean Percent Survival from SEA Ring and Laboratory test for Round 2 Sediment Toxicity Tests.

		

		

		Mean % survival



		Sediment Type

		Organism

		Laboratory Test 

		

SEA Ring
 



		 Control Sediment

		Amphipod

		94

		96



		

		Clam

		100

		100



		

		Polychaete

		100

		100



		MS Sediment

		Amphipod

		90

		86



		

		Clam

		NA1

		NA1



		

		Polychaete

		100

		100



		PSNS Sediment

		Amphipod

		76

		79



		

		Clam

		100

		100



		

		Polychaete

		100

		100





	The amphipod and polychaete were exposed to Yaquina Bay Control Sediment

	The clam was exposed to Discovery Bay Control Sediment 

	 1Clams were not exposed to MS Sediment







[bookmark: _Toc362295815]Figure 5.1 Comparison of Amphipod Mean Percent Survival (showing negative Standard deviation) for SEA Ring and Laboratory Exposures  (Lab = Laboratory expsoure, SR = SEA Ring). Test Acceptability Criteria = 90%.







[bookmark: _Toc362295816]Figure 5.2 Comparison of Clam Mean Percent Survival for SEA Ring and Laboratory Exposures, (Lab = Laboratory, SR = SEA Ring). Test Acceptability Criteria = 90%.









[bookmark: _Toc362295817]Figure 5.3 Comparison of Polychaete Mean Percent Survival (showing negative standard deviation) for SEA Ring and Laboratory Exposures. (Lab = Laboratory, SR = SEA Ring). Test Acceptability Criteria = 90%.







Growth of the polychaetes was determined by measuring the wet weight collectively of the organisms in each replicate after the exposure period. A mean wet weight was calculated for all of the replicates in each exposure scenario. The mean wet weight for each organism in control and PSNS sediment was compared. Figure 5.4 shows the growth results for polychaetes exposed to Control (YB) and PSNS sediment respectively. Growth is typically not evaluated for amphipods and clams as a toxicity endpoint, and was not included as part of this test.



              

 

[bookmark: _Toc362295818]Figure 5.4  Comparison of Mean Wet Weight of the Marine Polychaete (± standard deviation) for SEA Ring and Laboratory Exposures. (Lab = Laboratory, SR = SEA Ring).	Comment by G_Lotufo: Strictly it would be only “minus” per the figure

 

PCB (sum of 18 NOAA congeners) content within the organisms exposed to their respective control sediments and to the PSNS sediment was quantified and normalized to the mean percent lipid content of the organisms in that treatment. The mean organism PCB concentration for the SEA Ring and laboratory tests is presented in Table 5.6. The PCB content of the PSNS sediment was 60 mg/kg (sum of 18 NOAA congeners) when normalized to the TOC content of the sediment (1.9%). These data are further analyzed statistically in Chapter 5.









[bookmark: _Toc362341382]Table 5.6 Mean PCB Concentration Normalized to Percent Lipid Content for SEA Ring and Laboratory Exposures	Comment by G_Lotufo: and standard deviation



		

		SEA Ring

		Laboratory Test



		Species

		PCB (µg/kg)

		% lipid

		PCB normalized to % lipid (mg/kg)

		PCB (µg/kg)

		% lipid

		PCB normalized to % lipid (mg/kg)



		Amphipod

		3,151

		1.27

		248

		5,644

		1.21

		466



		Clam

		87

		0.36

		24

		85

		0.34

		25



		Polychaete

		379

		1.94

		20

		367

		1.94

		19



		Data shown for PSNS Sediment which was used for bioaccumulation.
Data not shown for control sediment because PCB concentration was zero for all.

The amphipod and polychaete were exposed to Yaquina Bay Control Sediment.

The clam was exposed to Discovery Bay Control Sediment.







5.2.2 Water Column Comparability Tests

The data collected during the Round 2 water toxicity tests were used to evaluate the comparability between the SEA Ring and EPA/ASTM laboratory tests. To compare the survival in the SEA Ring to the laboratory tests the mean percent survival for the replicates for each exposure treatment was calculated (Table 5.7). Figure 5.6 and 5.7 shows a comparison between the SEA Ring and laboratory test for the mysid and topsmelt WC toxicity tests. The survival in all control exposures met TAC.

















	

[bookmark: _Toc362341383]Table 5.7 Comparison of Mean Percent Survival from SEA Ring and Laboratory tests for Round 2 Water Column Toxicity Tests



		

		

		Mean % survival



		Concentration              (µg/L Cu)

		Organism

		Laboratory Test

		

SEA Ring




		Control

		Mysid 

		100

		98



		

		Topsmelt

		100

		100



		100

		Mysid 

		98

		96



		

		Topsmelt

		20

		32



		200

		Mysid 

		72

		62



		

		Topsmelt

		4

		4



		400

		Mysid 

		0

		2



		

		Topsmelt

		0

		0









[bookmark: _Toc362295819]Figure 5.5 Comparison of Mysid Mean Percent Survival (minus standard deviation) for SEA Ring and Laboratory Exposures. (Lab = Laboratory, SR = SEA Ring).







[bookmark: _Toc362295820]Figure 5.6 Comparison of Topsmelt Mean Percent Survival  (minus Standard deviation) For SEA Ring and Laboratory Exposures. (Lab = Laboratory, SR = SEA Ring).



To compare the effects of concentrations for test organisms exposed in the SEA Ring with those exposed in standard laboratory tests, LC50 values and 95% confidence intervals were calculated for topsmelt and mysid shrimp for each test treatment (Table 5.8). Point estimates for the standard beaker exposures for both the mysid and topsmelt were conducted using the SRT test data by excluding both the 50 and 800 µg/L test concentrations so that there would be a more direct comparison of concentrations to those also tested with the SEA Rings. Figure 5.8  and 5.9 shows the LC50 values, for test organisms exposed using standard laboratory procedures and organisms exposed in the SEA Ring. The LC50 values for mysid shrimp and topsmelt were similar for both the SEA Ring exposures and exposures using standard protocols when calculated from the verified concentrations (Figure 5.8).











Table 5.8. Comparison of Effects of Concentrations between SEA Ring and Laboratory Tests for Water Column Toxicity Tests



		LC50 Summary - Beaker Exposure vs. SEA Ring Exposure



		Treatment

		Topsmelta

		Mysidb



		

		LC50

		95%LCI

		95%UCI

		LC50

		95%LCI

		95%UCI



		Beaker Exposure Verified Concentrations - adjusted*

		64.35

		55.29

		74.66

		178.79

		154.71

		301.16



		SEA Ring Exposure – Verified Concentrations

		62.47

		19.40

		79.73

		167.79

		147.94

		189.14





	* - LC50 point estimates excludes the 50 & 800 µg/L concentrations.

	a - Linear regression (Probit analysis) conducted for point estimates.

	b - Trimmed Spearman-Kärber conducted for point estimates.





[bookmark: _Toc362295821]Figure 5.7 Comparison of LC50 concentrations for Mysid and Top Smelt between SEA Ring and laboratory water column toxicity tests.



[bookmark: _Toc362339152]5.3  Reproducibility Tests

Reproducibility tests were conducted to determine if different SEA Rings are capable of producing the same results. Identical exposures were conducted in two SEA Rings simultaneously. The two SEA Rings will be referred to as SEA Ring A and B. Water column toxicity tests were selected for the reproducibility tests. Five replicates of 200 µg/L copper as well as a Control with no copper were used for the water column toxicity reproducibility test. Survival was used as the parameter to measure the reproducibility between the two SEA Rings.

Within each SEA Ring, the exposures were conducted in five replicates and with the same number of organisms as was previously used for the repeatability and comparability tests. For Sea Ring A, one of the Mysid control replicates was accidentally lost during test termination, therefore, percent survival data was only collected for four replicates. For all other treatments, survival data from five replicates was collected. The water quality parameters DO, temperature, salinity and pH remained within the TAC for all exposures. A comparison of the water quality parameters in SEA Ring A and B for the control and 200 µg/L water toxicity tests is shown in Appendix D.

Figures 5.10 and 5.11 shows a comparison of the mean percent survival for mysid shrimp and topsmelt in both the control and 200 µg/L. Mysid and topsmelt survival in the control for both SEA Ring A and B passed TAC (Table 3.1 and 3.2).





[bookmark: _Toc362295822]Figure 5.8 Reproducibility in Mysid Mean Percent Survival within SEA Rings (minus Standard deviation) (SR = SEA Ring).







[bookmark: _Toc362295823]Figure 5.9 Reproducibility in Topsmelt Mean Percent Survival in SEA Rings (minus standard deviation) (SR = SEA Ring).



[bookmark: _Toc362339153]5.4 Operational Factors

The operational factors analyzed were ease of use, training, and sustainability (sampling time, waste produced, and the amount of protective equipment required by the individual operating the instrument). The Battelle representative was trained in the SPAWAR laboratory by Gunther Rosen and Marienne Colvin to set up and use the SEA Ring chambers, pump, control module, and download data. The Battelle representative found that the SEA Ring was easy to use. The SEA Rings were assembled in the laboratory and powered on prior to initiation. The SEA Ring pumps are powered by an on-board battery pack. The control switch used to turn the SEA Ring on and off is easy to locate and read. The control module has two status indicator LEDs that blink every 15 seconds to indicate battery status (e.g., ok, low, or battery shutdown) as well as operation mode (e.g., on, off, or delayed start countdown). Laboratory filtered air was required when operating the SEA Ring in the laboratory. An electrical source from the laboratory building was used to power a compressor that provided air to the SEA Ring. Following four hours of training, the Battelle representative was comfortable quickly and easily setting up, operating, loading, and maintaining (e.g., collecting scheduled water quality readings) the SEA Rings. The Battelle representative noted that care must be taken when handling the organisms as to not affect their health. Also due to the minute size of the mysid shrimp, care must be taken that the correct number of shrimp are loaded into the chambers. Collection of water quality readings was completed by the use of an Oakton pH meter that measured pH and temperature, an Orion 830A DO meter, and an Orion A plus conductivity meter that measured conductivity and salinity. The probes were placed in the water in the Chemtainer surrounding the SEA Ring for measurement of overall water quality associated with the SEA Ring treatments. Since this water is pumped through the SEA Ring chambers, it is assumed that the water quality is the same both within and outside of the SEA Ring chambers, although discrete water quality samples were measured to verify. The SEA Rig also has an on-board data logger that records data such as the frequency, timing, and number of pump cycles. This data can then be downloaded to a computer for analysis. The Chemtainers that housed the SEA Rings are approximately 24”in diameter and 20 in tall and when empty can be carried by one person. When Chemtainers and SEA Ring test chambers are filled with seawater, they are heavy but not too heavy for one person to carry a short distance. Minimal waste was produced when setting up, operating, and breaking down the SEA Rings. The main waste material was small plastic cups and disposable pipettes to count and load organisms into the test chambers. Although personal protective equipment (PPE) is not required when using the SEA Rings, PPE such as eye protection, nitrile gloves, and laboratory coats were used and are recommended. 











































[bookmark: _Toc362339154]Chapter 6  



[bookmark: _Toc362339155]Statistical Analysis



Both descriptive statistics and ANOVA were conducted on the data to evaluate the parameters of repeatability, comparability and reproducibility. Descriptive statistics refers to mean, standard deviation, minimum, maximum and coefficient of variation. In this chapter, first, the sediment toxicity test, water column toxicity tests and bioaccumulation tests were evaluated statistically. This was followed by a statistical analysis of the repeatability, comparability and reproducibility tests to verify that the SEA Ring met the evaluation criteria. 



[bookmark: _Toc362339156]6.1  Sediment Toxicity Data Analysis

For the statistical analysis of the sediment toxicity test eight groups (two organisms in three sediment types and one organism in two sediment types) were assessed. Table 6.1 provides descriptive statistics for each group for tests conducted using the SEA Ring. Individual chamber data are provided in Appendix E. For both DB control and PSNS sediment conditions, all clams survived the test period. Data from only four chambers were available for the YB control sediment for the polychaete. The proportion of polychaetes that survived the test period was highest under the PSNS sediment (96%) compared to 94% for the YB control sediment and 95% for the MS sediment. The proportion of amphipods that survived the test period was highest under the YB control sediment (96%) compared to 86 % for the MS sediment and 79% for the PSNS sediment. All coefficients of variation are less than 25%, a goal set in the QAPP for this data. Mean mortality was less than 10% for all control sediments, meeting TAC. Comparing organism survival among chamber replicates within a SEA Ring (repeatability) are explored and discussed in Section 6.4. 	Comment by G_Lotufo: What about polychaete growth?













[bookmark: _Toc362341384]Table 6.1 SEA Ring Sediment Toxicity Test Descriptive Statistics

		Species

		Sediment

		Initial # organisms per chamber

		Mean # survived

		Mean Percent survived

		SD

		SE

		Min

		Max

		Coefficient of variation (%)



		Amphipod

		Control

		20

		19

		96%

		1.3

		0.58

		17

		20

		6.8%



		

		MS

		20

		17

		86%

		1.1

		0.49

		16

		19

		6.4%



		

		PSNS

		20

		16

		79%

		0.8

		0.37

		15

		17

		5.3%



		Clam

		Control

		3

		3

		100%

		0

		0

		3

		3

		0.0%



		

		PSNS

		3

		3

		100%

		0

		0

		3

		3

		0.0%



		Polychaete

		Control

		20

		19

		94%

		1.9

		0.95

		16

		20

		10.1%



		

		MS

		20

		19

		95%

		1.7

		0.78

		16

		20

		9.1%



		

		PSNS

		20

		19

		96%

		1.3

		0.58

		17

		20

		6.8%





SD = Standard Deviation of the mean; SE = Standard Error of the mean





Table 6.2 provides descriptive statistics for each group for sediment toxicity tests conducted under controlled laboratory conditions. Individual chamber data are provided in Appendix E. For both DB control and PSNS sediment conditions, all clams survived the test period. The proportion of polychaetes that survived the test period was highest under the PSNS sediment (98%) compared to 95% for the YB control sediment and 94% for the MS sediment. The mean percent survival of amphipods that survived the test period was highest under the YB control sediment (94%) compared to 90% for the MS sediment and 76% for the PSNS sediment. The coefficient of variation was less than 25% for all exposures which is acceptable for this test. Comparing organism survival between SEA Ring and controlled laboratory conditions are explored and discussed in Section 6.5.  





















[bookmark: _Toc362341385]Table 6.2 Laboratory Sediment Toxicity Test Descriptive Statistics

		Species

		Sediment

		Initial # organisms per chamber

		Mean # survived

		Mean Percent survived

		SD

		SE

		Min

		Max

		Coefficient of variation (%)



		Amphipod

		Control

		20

		19

		94%

		1.1

		0.49

		17

		20

		5.8%



		

		MS

		20

		18

		90%

		1.0

		0.45

		17

		19

		5.6%



		

		PSNS

		20

		15

		76%

		1.6

		0.74

		13

		17

		11%



		Clam

		Control

		3

		3

		100%

		0

		0

		3

		3

		0.0%



		

		PSNS

		3

		3

		100%

		0

		0

		3

		3

		0.0%



		Polychaete

		Control

		20

		19

		95%

		1.7

		0.78

		16

		20

		9.1%



		

		MS

		20

		19

		94%

		1.3

		0.58

		17

		20

		6.9%



		

		PSNS

		20

		20

		98%

		0.9

		0.40

		18

		20

		4.6%





Note: SD = Standard Deviation of the mean; SE = Standard Error of the mean

For each species, the number surviving in the sediment control group was compared to the number surviving in each of the other test groups. For the clam, the PSNS sediment results were compared against the DB control sediment results. For polychaetes and amphipods, both the MS and PSNS sediment results were compared against the YB control sediment results. Comparisons were made based on a two-sample t-test assuming unequal variances. Tests were performed and analyzed separately for data obtained from the SEA Ring and the laboratory tests. Results are shown in Table 6.3, shaded values indicate statistically significant differences. 

For each test, a threshold significance level of 0.05 was used. The null hypothesis is that the mean survival in not different in the control compared to the MS sediment and the PSNS sediment for each of the organisms tested. A p-value greater than 0.05 means the null hypothesis can be accepted. The statistical test was not performed on the clam data (neither SEA Ring nor laboratory), as there was no variation among the number of surviving clams for the DB control sediment and the PSNS sediment (all clams survived). There was no statistically significant difference in survival between the control and the MS and PSNS sediment for polychaete in both the SEA Ring and laboratory tests. However, tests using the amphipod data did show a statistically significant difference between survival in the YB control sediment to the MS and PSNS sediment in the SEA Ring. The mean percent survival for amphipod in the control was 96%, but 86% and 79% in the MS and PSNS treatments, respectively. In the lab test, however, there was a statistically significant different in the PSNS sediment, but not the MS sediment for amphipod. Mean survival in the control sediment was 94% compared to 76% in the PSNS sediment. 

[bookmark: _Toc362341386]Table 6.3 p-values for Survival in the Sediment Toxicity Tests for the Control Sediment Compared to the MS and PSNS Sediment

		Sediment Type

		Polychaete

		Amphipod



		

		SEA Ring

		Lab 

		SEA Ring

		Lab Test



		MS 

		0.84

		0.84

		0.03

		0.26



		PSNS

		0.70

		0.52

		0.002

		0.005



		Grey shading indicates a significant difference between the treatment and the control treatment







[bookmark: _Toc362339157]6.2 WC Toxicity Data Analysis

For the water column toxicity test, two organisms and four copper concentrations were assessed. Table 6.4 provides descriptive statistics for each group for tests conducted using the SEA Ring. Individual chamber data are provided in Appendix E. Data from only four chambers were available for the first control test for Mysid. In general, as the Cu level increased, the proportion of organisms that survived the test period decreased. Further analysis between the replicate tests at 0 and 200 µg/L Cu are described in Section 6.6. The coefficient of variation for the control group was less than 25%, a goal set in the QAPP for this data. Mean mortality was less than 10% for all control groups, indicating acceptability of the test. Comparing organism survival among chamber replicates within a SEA Ring (repeatability) are explored and discussed in Section 6.4.

[bookmark: _Toc362341387]Table 6.4 SEA Ring WC Toxicity Test Descriptive Statistics

		Species

		Copper Conc. (µg/L)

		Initial # organisms per chamber

		Mean Percent survived

		Mean # survived

		SD

		SE

		Min

		Max

		Coefficient of variation (%)



		Mysid

		0

		10

		90%

		9

		1.2

		0.58

		8

		10

		12.8% 



		

		100

		10

		96%

		10

		0.5

		0.25

		9

		10

		6%



		

		200

		10

		62%

		6

		2.4

		1.07

		3

		9

		39%



		

		400

		10

		2%

		0

		0.4

		0.20

		0

		1

		224%



		Topsmelt

		0

		5

		96%

		5

		0.4

		0.20

		4

		5

		9%



		

		100

		5

		32%

		2

		1.3

		0.60

		1

		4

		84%



		

		200

		5

		4%

		0

		0.4

		0.20

		0

		1

		224%



		

		400

		5

		0%

		0

		0.0

		0.00

		0

		0

		-





Note: SD = Standard Deviation of the mean; SE = Standard Error of the mean





Table 6.5 provides descriptive statistics for each group for water column toxicity tests conducted in laboratory beakers. Individual chamber data are provided in Appendix E. In general, as the Cu level increased, the proportion of organisms that survived the test period decreased. Comparing organism survival between SEA Ring and lab tests are explored and discussed in Section 6.5.  



[bookmark: _Toc362341388]Table 6.5 Laboratory WC Toxicity Test Descriptive Statistics

		Species

		Copper Conc. (µg/L)

		Initial # organisms per chamber

		Mean Percent survived

		Mean # survived

		SD

		SE

		Min

		Max

		Coefficient of variation (%)



		Mysid

		0

		10

		100%

		10

		0.0

		0

		10

		10

		0%



		

		100

		10

		98%

		10

		0.4

		0.2

		9

		10

		5%



		

		200

		10

		72%

		7

		2.3

		1.0

		4

		10

		32%



		

		400

		10

		0%

		0

		0.0

		0

		0

		0

		-



		Topsmelt

		0

		5

		100%

		5

		0.0

		0

		5

		5

		0%



		

		100

		5

		20%

		1

		0.0

		0

		1

		1

		0%



		

		200

		5

		4%

		0

		0.4

		0.2

		0

		1

		224%



		

		400

		5

		0%

		0

		0.0

		0

		0

		0

		-





SD = Standard Deviation of the mean; SE = Standard Error of the mean



For each species, the number surviving in the WC control group was compared to the number surviving at each of the different copper concentrations.  For the topsmelt survival WC test in the SEA Ring, all three copper concentrations were statistically significantly different from the control sample. In the lab test, however, the 200 µg/L concentration was statistically significant different but since both the 100 and 400 µg/L concentrations as well as the controls had no variation among the replicates a p-value could not be obtained. For the mysid WC toxicity test, only the 400 µg/L concentration was statistically significantly different from the control.    Results are shown in Table 6.6. For each test, a threshold significance level of 0.05 was used. 















[bookmark: _Toc362341389]Table 6.6 p-values for Survival in the WC Toxicity for the Control Compared to the Copper Treatments

		Copper 
(µg/L)

		Topsmelt

		Mysid



		

		SEA Ring

		Lab 

		SEA Ring

		Lab Test



		100

		0.0039

		ND

		0.39

		0.37



		200

		0.000018

		0.000018

		0.06

		0.05



		400

		0.000018

		ND

		0.00014

		ND



















		

[bookmark: _Toc362339158]ND = there was no difference in the results between the control and the lab test so the statistical test could not be run.



[bookmark: _Toc362339159]6.3 Bioaccumulation Data Analysis

Six groups (three organisms in two sediment types each) were assessed in the bioaccumulation analysis. Bioaccumulation data is represented as PCB concentration data normalized to percent lipid. Percent lipid was analyzed for each treatment combination, and the PCB concentration for each replicate was normalized to percent lipid using the percent lipid for the treatment. Table 6.7 provides descriptive statistics for each group for tests conducted using the SEA Ring. Individual chamber data are provided in Appendix E. There was no detected PCB bioaccumulation for any species under the control sediment treatment. The mean bioaccumulation for the amphipod was greater than 2,00,000 µg/kg whereas the mean bioaccumulation for clam and polychaete was 24,000 µg/kg and 19,500 µg/kg respectively. 	Comment by G_Lotufo: report actual values as in Table 6.7	Comment by G_Lotufo: 200,000



[bookmark: _Toc362341390]Table 6.7 SEA Ring Bioaccumulation Test Descriptive Statistics for PSNS sediment.

		Species

		Mean PCB Accumulation
(µg/kg lipid)

		SD

		SE

		Min

		Max

		Coefficient of variation (%)



		Amphipod

		248,143

		174,418

		100,701

		56,556

		397,719

		70%



		Clam

		24,127

		6,673

		3,853

		18,518

		31,506

		28%



		Polychaete

		19,554

		498

		288

		19,249

		20,129

		3%





   SD = Standard Deviation of the mean; SE = Standard Error of the mean



Table 6.8 provides descriptive statistics for each group for bioaccumulation tests conducted under controlled laboratory conditions. Individual chamber data are provided in Appendix E. Similar to the SEA Ring bioaccumulation data, there was no bioaccumulation for any species under the control sediment treatment. Among the species tested, the mean bioaccumulation for amphipods was largest at 466,417 µg/kg, followed by the clams (24,885 µg/kg), and then polychaetes (18,907 µg/kg). Comparing bioaccumulation between SEA Ring and controlled laboratory conditions are explored and discussed in Section 6.5.	Comment by G_Lotufo: It is not in Section 6.5.  Only comparisons for toxicity are. 



[bookmark: _Toc362341391]Table 6.8 Laboratory Bioaccumulation Test Descriptive Statistics for PSNS sediment.

		Species

		Mean PCB Accumulation
(µg/kg lipid)

		SD

		SE

		Min

		Max

		Coefficient of variation (%)



		Amphipod

		466,418

		444,090

		256,395

		180,837

		978,055

		95%



		Clam

		24,885

		566

		327

		24,423

		25,516

		2%



		Polychaete

		18,907

		4,244

		2,450

		14,976

		23,406

		22%





SD = Standard Deviation of the mean; SE = Standard Error of the mean



For each species, the bioaccumulation in the PSNS sediment was compared to the control group using the two sample t-test with unequal variances.  The threshold significance was 0.05. For the amphipod test, where the bioaccumulation was > 200,000 µg/L , the p-value obtained was greater than the threshold significance indicating there is no statistically significant difference in the accumulation of PCBs in the PSNS sediment when compared to the control sediment (Table 6.9). There was, however, a statistically significantly difference in PCB accumulation between control and PSNS sediment for the clam and polychaete in the SEA Ring and the laboratory exposures. This was expected since the controls had no accumulation and the accumulation in the clam and polychaete were greater than 10,000 µg/kg. Although actual PCB accumulation was greatest in the amphipod, for which there was high variability in the accumulation among replicates. The coefficient of variance for PCB bioaccumulation in the amphipod in the SEA Ring was 70% and in the laboratory tests was 95%. This variability led to misleading results in the statistics. 	Comment by G_Lotufo: kg	Comment by G_Lotufo: Is this here in error?  Comparison to the control replicates, which were exposed to uncontaminated sediment, is not standard practice. 	Comment by G_Lotufo: But the control organisms were less than the detection limit. 	Comment by G_Lotufo: Why misleading? I suggest deleting this sentence.



[bookmark: _Toc362341392]Table 6.9 p-values for Comparison of Bioaccumulation in SEA Ring and Laboratory Tests for Amphipod, Clam and Polychaete	Comment by G_Lotufo: Are these the p-values for the comparison of PCB residues in PSNS vs. in the control?  I consider this comparison unnecessary. 

		Amphipod

		Clam

		Polychaete



		SEA Ring

		Lab

		SEA Ring

		Lab Test

		SEA Ring

		Lab Test



		0.13

		0.21

		0.02

		0.00017

		0.00022

		0.02

























[bookmark: _Toc362339160]6.4  Repeatability Analysis

Repeatability, measured as the chamber to chamber variability for a given SEA Ring for a given set of test conditions, was investigated for the sediment toxicity, water column toxicity, and bioaccumulation tests. The analysis was conducted as outlined in the statistical analysis section of the QAPP (B1.6). Briefly, using descriptive statistics to calculate standard deviation and standard error of the sample mean for a given set of treatments, the coefficient of variation (CV) was calculated. A CV of less than 25% was set as a goal as described in the QAPP.

For the sediment toxicity tests, the CV was less than 25% for survival for all species and all sediment types (Table 6.1) indicating low variability across chambers within the SEA Ring for a given treatment.	Comment by G_Lotufo: What about polychaete growth?

For the WC toxicity tests, the CV was less than 25% for the control treatments for both the mysid and topsmelt tests (Table 6.4). For the mysid toxicity test, the 200 and 400 µg/L treatments had CV values greater than 25%. For the topsmelt toxicity test, all Cu concentrations greater than 0 µg/L had CV values greater than 25%. With increasing Cu concentrations, organism mortality increases and thus replicate variability increases. Typically, when evaluating the acceptability of toxicity tests, only the response of the control treatment is subject to the goals of low variability and based on the low CV values obtained from both species tested in the SEA Rings, the chamber to chamber variability was deemed acceptable.

For the bioaccumulation tests, the CV values for PCB accumulation exceeded the goal of less than 25% for the amphipods (CV = 70%; Table 6.7). The CV value for the amphipod exposed in the SEA Ring was comparable to the CV value obtained for the amphipods exposed in the typical laboratory conditions (CV of 95%; Table 6.8). The CV value for the clam also just exceeded the goal of less than 25% with a CV  value of 28%. The polychaete CV value was 3%. Typically, CV values are used for the responsiveness of the control treatment survival in toxicity tests and not utilized for the bioaccumulation endpoint. With the CV values for survival for all species and sediment types tested having met the goal of less than 25%, these tests were deemed acceptable.	Comment by G_Lotufo: Siscussing the CV for bioaccumulation is useful. 



[bookmark: _Toc362339161] 6.5 Comparability Analysis

Comparability, measured as the ability of the SEA Ring to provide similar results to the traditional EPA/ASTM methods under controlled laboratory conditions, was investigated for the sediment toxicity, WC toxicity, and bioaccumulation tests. The analysis was conducted as outlined in the statistical analysis section of the QAPP (B1.6). For each test condition, the mean survival in the SEA Ring was compared to that observed using traditional EPA methods. Comparisons were made using single factor ANOVA. For the ANOVA the threshold significance level was 0.05. The null hypothesis was that the mean survival for the same exposure conducted in both the laboratory and SEA Ring is not different. A p-value for the comparison greater than the threshold significance level indicates that the null hypothesis can be accepted.  Table 6.12 shows the results of the single factor ANOVA for the sediment toxicity test. All p-values for the sediment toxicity test in the SEA Ring compared to the lab were greater than the threshold significance level indicating that there was no statistically significant difference in the means. The SEA Ring results are therefore comparable with the EPA/ ASTM methods for sediment toxicity. 	Comment by G_Lotufo: why not t-test?  If I am understanding this correctly, you are only comparing two groups. The QAPP states “For the sediment and WC toxicity tests, the overall difference in the number of organisms surviving in the
SEA Ring will be compared to that observed using traditional EPA methods. Comparisons will be
performed using the t-test or a non-parametric analog as discussed above for two sample comparisons.
Between group differences (with more than two groups) will be explored using ANOVA and the
Dunnett’s test.	Comment by G_Lotufo: What about polychaete growth?



[bookmark: _Toc362341393]Table 6.10 p-values for the Comparability in Survivals in the Sediment Toxicity tests between the SEA Ring to the Laboratory Tests	Comment by G_Lotufo: Two groups, right?  should have use t-test

		

		SEA Ring



		

		control

		MS

		PSNS



		Beaker

		Amphipod

		0.61

		0.26

		0.49



		

		Clam

		100% Survival



		

		Polychaete

		0.84

		0.84

		0.59



		Threshold significant level = 0.05







A similar test was conducted using WC toxicity tests. Tests conducted in the SEA Ring using 4 concentrations of copper were compared to similar tests conducted in the laboratory. Table 6.13 shows the p-values obtained from the single factor ANOVA. For the WC toxicity tests the p-value obtained for the comparisons were all greater than the threshold significance level so there was no difference between the means for each treatment. At the 400 µg/L concentration, a p-value could not be calculated because there was no variability in the replicates for both treatments. The SEA Ring results are, therefore, comparable with the EPA/ASTM methods for WC toxicity. 	Comment by G_Lotufo: What about the comparison between bioaccumualtion in the SEA Ring and Laboratory Tests?







[bookmark: _Toc362341394]Table 6.11 p-values for the Comparability in Survivals in the WC Toxicity Tests Between the SEA Ring to the Laboratory Tests



		

		SEA Ring



		

		control

		100

		200

		400



		Beaker

		Mysid

		0.09

		1.0

		0.52

		0.35



		

		Topsmelt

		0.35

		0.35

		1.0

		-*



		Threshold significant level = 0.05

 * No organisms survived in the 400 µg/L concentration for either the SEA Ring or laboratory exposure, therefore no statistical test was run.







[bookmark: _Toc362339162]6.6 Reproducibility Analysis

Reproducibility, measured as the ability of one SEA Ring to provide similar results to another SEA Ring, was investigated for select WC toxicity tests. The analysis was conducted as outlined in the statistical analysis section of the QAPP (B1.6). For each test condition, the mean percent survival in a SEA Ring was compared to that observed for a different SEA Ring. Comparisons were made using a single factor ANOVA. A threshold significance level of 0.05 was used. The null hypothesis being that the means of survival in the two SEA Rings is not statistically different. For the WC toxicity test conducted to compare two SEA Rings at a control with no copper and a copper concentration of  200 µg/L the p-values obtained were greater than the threshold significance suggesting that the null hypothesis can be accepted.  Two SEA Rings tested under the same condition provide results that are not statistically significantly different. Table 6.14 shows the results of the ANOVA for each test concentration.    	Comment by G_Lotufo: Two groups.  Should have used t-test. 



[bookmark: _Toc362341395]Table 6.12 p-values for the WC Toxicity Test for Reproducibility Between Two SEA Rings. 

		

		SEA Ring A



		

		control

		200



		SEA Ring B

		Mysid

		0.54

		0.14



		

		Topsmelt

		0.35

		0.24















		Threshold significant level = 0.05







		              









[bookmark: _Toc362339163]Chapter 7



[bookmark: _Toc362339164]Performance Summary



The performance of the SEA Ring was evaluated for its repeatability, comparability, reproducibility and ease of operation. These parameters were evaluated using survival as well as bioaccumulation and growth (polychaete). Both sediment toxicity and water column toxicity tests were conducted to evaluate the performance of the SEA Ring. For the sediment toxicity tests, three organisms, including marine amphipods, clams, and polychaetes were tested. The organisms were tested in three sediment types, control sediment (YB or DB for clams), a metals contaminated sediment referred to as MS, and a PCB contaminated sediment referred to as PSNS. Survival in the amphipod and polychaete was evaluated in all three sediment types, whereas survival in the clam was evaluated in the control and PSNS sediment. Wet weight of the polychaete, an indicator of growth, was also evaluated across all sediment types. Bioaccumulation was evaluated in all three organisms in the control and PSNS sediment. The water column toxicity tests were conducted using two marine organisms, the mysid shrimp and the topsmelt. Four copper concentrations were used for the water column toxicity test: a control without copper, and 100, 200 and 400 µg/L copper. All tests were conducted in both the SEA Ring and by traditional EPA and/or ASTM laboratory methods. In addition to the toxicity testing, standard reference toxicant tests were conducted to assess the test precision and the health and sensitivity of the organisms. The SRT tests were conducted using the mysid shrimp, topsmelt, amphipods and polychaete. 



Repeatability	Comment by G_Lotufo: It would be best to call this precision.

Repeatability tested the variability among five replicates within a SEA Ring using both the sediment toxicity and water column toxicity tests.  To calculate standard deviation and standard error of the sample mean for a given set of treatments, the coefficient of variation (CV) was calculated. A CV of less than 25% was set as the goal. For the WC toxicity tests, the CV was less than 25% for the control treatments for both the mysid and topsmelt tests. For the WC toxicity tests, the CV was less than 25% for the control treatments for both the mysid and topsmelt tests. For the mysid toxicity test, the 200 and 400 µg/L treatments had CV values greater than 25%. For the topsmelt toxicity test, all Cu concentrations greater than 0 µg/L had CV values greater than 25%. With increasing Cu concentrations, organism mortality increases and and so didthus replicate variability increases.	Comment by G_Lotufo: not necessarily, but was the case here. 



Comparability



Comparability was measured as the ability of the SEA Ring to provide similar results to the traditional EPA/ASTM methods under controlled laboratory conditions. Comparability was evaluated by comparing the mean percent survival for identical treatments in the SEA Ring to the laboratory tests. In both the sediment and water column toxicity test there was no statistically significant difference in mean percent survival for any of the treatments indicating that the result obtained from the Sea Ring was no different from the results obtained by EPA and ASTM laboratory methods. Growth of the polychaetes was determined by measuring the wet weight collectively of the organisms in each replicate after the exposure period. A mean wet weight was calculated for all of the replicates in each exposure scenario. Polychaete growth ranged from 0.1 to 0.21 mg wet weight in the three sediment types. The most growth was seen in the control sediment. Similar growth occurred in the MS and PSNS sediment.  



Reproducibility



Reproducibility compared mean percent survival in two SEA Rings where identical tests were conducted. This was measured using the water column toxicity test with mysid and topsmelt at two copper concentrations, a control and 200 µg/L.  ANOVA statistical tests were used to compare the mean percent survival between the two SEA Rings. No statistically significant difference was found in the mean percent survival obtained from the two SEA Rings.      



Operational Factors



The SEA Ring was operated in the laboratory by the staff at SPAWAR and also by a Battelle staff member. During a four hour period, the Battelle staff member was trained on using the SEA Ring including loading organisms and measuring water quality parameters. The Battelle staff member found the SEA Ring easy to operate but noted that care must be taken when loading the some of the organisms due to their small size. It should be noted that this is also the case with standard laboratory test methods.  The SEA Ring was found to be easy to carry around by one person. The waste obtained when operating the Sea Ring was minimal. No maintenance was required when the Battelle staff was onsite. 
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Appendix A

Daily Work Sheets

























































































Appendix B 

Laboratory Reports

























































































Appendix C 

Performance Evaluation Audit

























































































Appendix D 

Water Quality Comparisons

























































































Appendix E 

Data Used for Statistical Analysis



Mean Amphipod Survival 

SR	6.5	5.5	4.2	6.5	5.5	4.2	Control Sediment	MS Sediment	PSNS Sediment	96	86	79	Lab	5.5	5	8.2000000000000011	5.5	5	8.2000000000000011	Control Sediment	MS Sediment	PSNS Sediment	94	90	76	% Survival



Mean Clam Survival 

SR	 Control Sediment	PSNS Sediment	100	100	Lab	 Control Sediment	PSNS Sediment	100	100	% Survival



Mean Polychaete Survival 

SR	9.5	8.7000000000000011	6.5	9.5	8.7000000000000011	6.5	Control Sediment	MS Sediment	PSNS Sediment	94	95	96	Lab	8.6	6.5	6.5	8.6	6.5	6.5	Control Sediment	MS Sediment	PSNS Sediment	95	94	98	% Survival



Comparability - Mean Polychaete Wet Weight

SR	2.0000000000000011E-2	2.0000000000000011E-2	control	MS	PSNS	0.17	0.16	0.16	Lab	4.0000000000000022E-2	4.0000000000000022E-2	control	MS	PSNS	0.2100000000000001	0.13	0.13	Wet weight (mg)



Comparability - Mean Mysid Survival

SR	4	5.5	23.9	4.5	4	5.5	23.9	4.5	Control 	100	200	400	98	96	62	2	Lab	0	4.5	23	0	0	4.5	23	0	Control 	100	200	400	100	98	72	0	Copper Concentration (µg/l)

Survival (%)



Comparability - Mean Topsmelt Survival

SR	0	27	9	0	0	27	9	0	Control 	100	200	400	100	32	4	0	Lab	0	0	9	0	0	0	9	0	Control 	100	200	400	100	20	4	0	Copper Concentration (µg/l)

Survival (%)



LC50 Concentrations

SR	Mysid 	Topsmelt 	167.78800000000001	62.468800000000002	Lab	Mysid 	Topsmelt 	178.78890000000001	64.353899999999982	Copper (µg/L)



Mysid Reproducibility 

Mean Percent Survival

SR A	12	23.9	12	23.9	Control 	200 µg/L	90	62	SR B	4	13	4	13	Control 	200 µg/L	98	82	Exposure

Survival (%)



Topsmelt Reproducibility 

Mean Percent Survival

SR A	9	9	9	9	Control 	200 µg/L	96	4	SR B	0	11	0	11	Control 	200 µg/L	100	12	Exposure

Survival (%)



*

*
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SedimentTest–SEARing


YBControlSedimentAmphipod(20)–10daysMSSediment-ToxicityAmphipod(20)-10daysPolychaete(20)–20or28daysYBControlSedimentPolychaete(20)20or28daysDBControlSedimentClam(3)–14or28daysPSNS–Toxicity/BioaccumAmphipod(20)-10daysPSNS–Toxicity/BioaccumPolychaete(20)–20or28daysClam(3)-14or28days


SedimentTest–Laboratory


YaquinaBay–Control-Amphipod(20)-10daysYaquinaBay–Control-Polychaete(20)–20or28daysMSSediment–Toxicity–Amphipod(20)-10daysPSNSSediment–Toxicity&PCBBioaccumulation-Amphipod(20)-10daysPSNSSediment–Toxicity&PCBBioaccumulation-Clam(3)–14or28daysDillonBeach-Control-Clam(3)–14or28daysMSSediment–Toxicity–Polychaete(20)–20or28daysPSNSSediment–Toxicity&PCBBioaccumulation-Polychaete(20)–20or28days
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Water Column Toxicity Test –SEA Ring


0 ppb –ControlMysidshrimp (10) &Topsmelt(5)200 ppb –CopperMysidshrimp (10) & Topsmelt(5)100 ppb –CopperMysidshrimp (10) & Topsmelt(5)400 ppb –CopperMysidshrimp (10) & Topsmelt(5)


Water Column Toxicity Test –Laboratory 


0 ppb –Control -Mysidshrimp (10) & Topsmelt(5)100 ppb –Copper -Mysidshrimp (10) & Topsmelt(5)200 ppb –Copper -Mysidshrimp (10) & Topsmelt(5)400 ppb –Copper-Mysidshrimp (10) & Topsmelt(5)


Repeat the 0 and 200 ppb treatments for Repeatability Test 
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