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T E C H N I C A L  M E M O R A N D U M  

TO: Chris Wend – Washington State Department of Ecology (by mail and e-mail) 

cc: Merv Wark – Yakima Steel Fabricators (by e-mail) 
Clark Davis – Davis Law Office, PLLC (by e-mail) 

FROM: Eric Buer, L.G., L.H.G., Associate Hydrogeologist 
Jeff Kaspar, L.G., L.H.G., Principal Geologist 

DATE: July 17, 2017 

RE: WETLAND EVALUATION TECHNICAL MEMORANDUM 
AGRI-TECH AND YAKIMA STEEL FABRICATORS SITE 
YAKIMA, WASHINGTON 
AGREED ORDER NO. DE 6091 
FARALLON PN: 765-001 

 

Farallon Consulting, L.L.C. (Farallon) has prepared this technical memorandum to provide the 
Washington State Department of Ecology (Ecology) with a summary of the previous soil and sediment 
investigations and the results of a sediment cleanup site evaluation performed for the approximately 
0.45-acre wetland on the southern portion of 6 and 10½ East Washington Avenue in Yakima, 
Washington (herein referred to as the Site) (Figure 1).  This information is provided to support a 
determination of whether further evaluation of the wetland is needed as part of the Feasibility Study 
for the Site.  Farallon has prepared this memorandum on behalf of Yakima Steel Fabricators, Inc. 
(YSF) for the YSF and Agri-Tech, Inc. (Agri-Tech) properties that comprise the Site.   

The work described in this technical memorandum was performed to meet the requirements of 
Agreed Order No. DE 6091 dated October 27, 2008, entered into by Ecology and YSF pursuant to 
the authority of the Washington State Model Toxics Control Act Cleanup Regulation (MTCA); and 
the First Amendment to Agreed Order No. DE 6091 dated October 17, 2016.  Documents used in 
the preparation of this technical memorandum are provided in Attachment A. 

http://www.farallonconsulting.com/
http://www.farallonconsulting.com/
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BACKGROUND 

The Site consists of Yakima County Tax Parcel Nos. 19133141009 and 19133141409 (Figure 2).  
Two structures currently are present at the Site:  one single-story building currently used for steel 
fabrication and business offices on the YSF property (YSF building); and one single-story 
warehouse building on the Agri-Tech property (Agri-Tech building).  Currently, the Agri-Tech 
building is leased by the operator of YSF for use in its steel fabrication operations.  The wetland 
area is present on the southernmost portion of Yakima County Parcel No. 19133141009.   

From 2011 through 2014, Farallon conducted a supplemental remedial investigation (RI) of soil 
and sediment quality to characterize the source, nature, and extent of the chemicals of potential 
concern (COPCs), including petroleum hydrocarbons, metals, chlorinated pesticides, carcinogenic 
polycyclic aromatic hydrocarbons (cPAHs), and volatile organic compounds (VOCs), in soil and 
groundwater on the southern parcel (Yakima County Parcel No. 19133141009) of the Site.  The 
original work scope for completion of the supplemental RI was approved by Ecology and 
established in the Feasibility Study Work Plan, Agri-Tech and Yakima Steel Fabricators, 6 and 
10½ East Washington Avenue, Yakima, Washington dated May 3, 2011, prepared by Farallon (FS 
Work Plan).  This memorandum focuses on the area of the wetland in the southernmost portion of 
the Site, which can be evaluated as a separate sediment management unit under the Sediment 
Management Standards (SMS), Chapter 173-204 of the Washington Administrative Code (WAC 
173-204). 

Pertinent information regarding current and historical uses in this area of the Site and surrounding 
properties and a summary of previous sampling conducted in the wetlands area is presented below.  
More detailed descriptions of the Site features, ownership and operation, historical Site use, use of 
surrounding properties, and previous work conducted at the Site are provided in the FS Work Plan 
and the Revised Remedial Investigation Report, Agri-Tech & Yakima Steel Fabricators, 6 and 10½ 
East Washington Avenue, Yakima, Washington dated June 10, 2004, prepared by Farallon (RI 
Report). 

SITE USAGE AND AREAS OF INVESTIGATION 
Based on the historical Site uses, three areas of investigation have been established (Figure 2): 

• Area 1 – Area 1, north of the Site wetland, includes the former Yakima Farmer Supply 
lime and sulfur processing plant, and the area of the plant’s former waste pit. 

• Area 2 – Area 2, north of the Site wetland, is present on the central and eastern portions of 
the YSF property between the YSF building and the east-adjacent automobile recycling 
facility, and is suspected to have included stockpiles of bulk lime and sulfur.  

• Area 3 – Area 3 is southwest of the YSF building where a small release of petroleum 
hydrocarbons was suspected by Ecology proximate to the YSF building and north of the 
Site wetland.  Ecology also identified Area 3 as a potential area of metals contamination 
due to historical activities at the west-adjacent Bay Chemical Company property, described 

http://www.farallonconsulting.com/
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in further detail below.  Area 3 also currently includes a former pond and the current 
wetland area. 

The wetland was once part of a larger pond where the northern portions were filled during the 
early years of YSF’s acquisition to accommodate steel storage.  Since the 1980s the footprint of 
the pond has continued to shrink to its current size, resulting in the current estimated 0.45-acre 
wetland.  The shrinking condition appears to be largely due to changes in surrounding land use, 
which changed from rural farming to commercial/industrial.  Because of the change in land use, 
seasonal irrigation channels are no longer introducing water that formerly sustained the pond.  The 
areal photographs presented in Figure 3 depicted the evolution of the pond area to its current 
wetland status between 1979 to 2016.  No buildings have been located, and no activities other than 
bulk steel storage have reportedly been conducted on the southern portion of the Site.  No prior 
anthropomorphic uses have been documented within the extent of the existing wetland or former 
pond area. 

Historical uses of the Site, including operation of a steel fabrication facility (1980 to present), 
operation of a fruit packing supply and equipment company (1982 through 1989), and construction 
and operation of a lime and sulfur formulating plant (1960 through approximately 1978), occurred 
in Areas 1 and 2, north of Area 3, and in the filled portion of the wetland. 

The west-adjacent property is owned by BNSF Railroad Company and historically leased to Bay 
Chemical Company (Bay Chemical property).  A former sludge settling pond area was present on 
the Bay Chemical property immediately adjacent to the wetland.  The sludge settling pond was 
used for disposal of waste sludge generated during production of liquid zinc sulfate by reacting 
steel mill flue dust with sulfuric acid on the northern portion of the Bay Chemical property.  The 
sludge settling pond previously was identified as one of two sources of metals contamination to 
the Site in the technical memorandum regarding Metals Source Evaluation, Agri-Tech and Yakima 
Steel Fabricators Site, Yakima Steel Fabricators, Yakima, Washington dated October 4, 2016, 
from Eric Buer and Jeff Kaspar of Farallon to Chris Wend of Ecology (Metals Source Evaluation).  
According to the Metals Source Evaluation, sampling station WetSed-1 is closest to the Bay 
Chemical property sludge settling pond from which flue dust and associated metals were likely 
transported onto the Site by wind and surface water flow.   

The Site wetland is bordered by drainage ditches to the south and east that join near the 
southeastern corner of the Site.  No records are available to identify over what period the ditches 
received dredging and maintenance or when maintenance ceased.  As of 2008, the ditches sloped 
generally to the east/southeast.  Based on review of aerial photographs taken in 1979, 1992, 1996, 
2003, 2004, 2009, and 2016, the drainage ditches and areas south and east of the Site wetland have 
remained vegetated and undeveloped since 1979.  Site soil to the west and south of the wetland 
was excavated as part of an Ecology-approved cleanup action that was performed by BNSF 
between July 30 and October 5, 2007.  The cleanup action did not include the wetland area.  The 
excavation extended to a maximum depth of approximately 6 feet below ground surface (bgs) 
proximate to the drainage ditch south of the wetland.  Following the cleanup action, the area was 
backfilled to the approximate grade currently observed on the Site. 

http://www.farallonconsulting.com/
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Because the wetland is topographically distinct (3 to 5 feet below the surrounding Site 
topography); has unique environmental conditions, including seasonal standing water and 
saturated surface soil; and is subject to sediment criteria that do not apply to other portions of the 
Site (see below), Farallon recommends that the Site wetland be evaluated as its own area of the 
Site, Area 4, under the SMS.  Wetland buffer areas would remain part of Area 3 as described 
above. 

WETLAND ASSESSMENT AND SEDIMENT EVALUATION 

This section presents a description of the Site wetland based on the letter regarding Yakima Steel 
Fabricators Wetland Assessment Report dated September 13, 2016, from Chris Wend of Ecology 
to Jeff Kaspar of Farallon (Ecology assessment) (Attachment B).  Results of wetland sediment 
sampling and analysis and sediment bioassay results are also presented. 

WETLAND DESCRIPTION AND ECOLOGY ASSESSMENT 
A pond has been present on the Site since at least 1979.  The present wetland area originally was 
part of the larger pond.  Since the late 1990s, the pond portion of the wetland has transitioned from 
perennial open water to intermittent standing water with increased growth of reeds and grasses in 
soft, saturated soil.  The footprint of the wetland, including the intermittent pond, was surveyed as 
part of the RI Report in 1997 and estimated to be approximately 0.4 acre.  A wetland delineation 
performed by Ecology on August 25, 2016 revised the wetland extent to the south and east, and 
increased the total area to approximately 0.45 acre. 

The wetland delineation performed by Ecology was documented in the Ecology assessment 
provided in Attachment B.  The Ecology assessment determined the extent of the wetland based 
on visual inspection and excavation of an observation pit proximate to the wetland’s eastern 
boundary to confirm the presence of hydric soil.   

The Ecology assessment identified the wetland as the area that is “much lower” than the 
surrounding ground surface, generally within approximately 3 to 5 vertical feet of the pond surface.  
Because the pond portion of the wetland is sustained by groundwater, approximately 0.3 acre of 
the 0.45-acre wetland footprint was classified as “emergent” (Figure 3).  Per the Ecology 
assessment, trees and shrubs growing in the area surrounding the wetland and proximate to the 
ditch to the east, above the area identified to be within 3 to 5 vertical feet of the pond surface area, 
are in the wetland buffer.   

Based on the wetland’s morphology, hydrology, and vegetation assemblage, Ecology assigned the 
wetland a Category III rating.  Category III wetlands are identified as having moderate ecological 
function with some disturbance from their natural state.  Category III wetlands are also more 
isolated from other natural resources in the surrounding landscape than Category II wetlands. 

http://www.farallonconsulting.com/
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SOIL AND SEDIMENT SAMPLING 
Following initial identification of the Site wetland and survey of the wetland boundary in 1997, 
Ecology requested that soil samples collected from locations with intermittent standing water or 
perennially saturated conditions be evaluated against SMS criteria as detailed in the letter 
regarding Feasibility Work Plan Additional Requirements for Wetlands/Pond Area of the Yakima 
Steel Site Under Agreed Order DE 6091 dated February 16, 2011, from Norman D. Peck of 
Ecology to Jeff Kaspar of Farallon.  SMS criteria include both sediment cleanup objectives (SCOs) 
and cleanup screening levels (CSLs).  Farallon sampled Site wetland soil and sediment on May 23 
and 26, 2011 at six locations (Figure 3).  Sediment samples were analyzed for the following 
analytes: 

• Metals by U.S. Environmental Protection Agency (EPA) Methods 6000/6010/7000; 

• Total petroleum hydrocarbons as gasoline-, as diesel-, and as oil-range organics by 
Northwest Methods NWTPH-HCID and NWTPH-Dx; 

• VOCs by EPA Method 8260B; and 

• Pesticides by EPA Method 8081. 

Sediment samples were collected from locations that were either intermittently submerged by 
standing water or were saturated throughout the year from a depth interval of 0 to 10 centimeters 
below ground surface.  However, in the period between Farallon soil and sediment sampling and 
when the Ecology wetland delineation was performed, saturated conditions associated with the 
intermittent pond/emergent wetland have expanded to encompass stations previously identified for 
soil sampling.  Thus, all six samples are evaluated as sediment samples in this section.  

Analytical results for the wetland samples are provided in Tables 1 through 4.  Concentrations of 
cadmium, lead, and zinc in sediment were elevated in the central portion of the emergent wetland 
(stations WetSed-1 through WetSed-3) compared to the concentrations observed at the outlying 
sampling stations (WetSoil-1 and WetSoil-2 to the south, and WetSoil-3 to the north).  Cadmium 
was detected at concentrations exceeding the CSL of 5.4 milligrams per kilogram (mg/kg) in 
samples collected from the three central sampling stations.  Cadmium was detected at 
concentrations exceeding the SCO of 2.1 mg/kg in sediment collected from sampling station 
WetSoil-1, south of the central WetSed station group, at a depth of 0 to 6 inches bgs.  Other 
cadmium results for samples collected from stations WetSoil-1 through WetSoil-3 were less than 
the SCO.   

Concentrations of lead and zinc in sediment reflected a similar spatial distribution to that for 
cadmium, with higher concentrations at stations WetSed-1 through WetSed-3 and slightly elevated 
concentrations at station WetSoil-1.  However, none of the lead or zinc results for samples 
collected from the Site exceeded their respective SCOs.  Concentrations of arsenic were somewhat 
elevated in samples collected from stations WetSed-2 and WetSed-3, but were less than SCOs.  
Concentrations of antimony, copper, and mercury did not appear to follow a spatial pattern and 
were less than SCOs. 

http://www.farallonconsulting.com/
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Petroleum hydrocarbons, VOCs, and pesticides were either detected at low concentrations less 
than their respective SCOs or SCLs, or were reported non-detect at the laboratory practical 
quantitation limit (Tables 2 through 4).   

In summary, cadmium concentrations exceeded the CSL in samples collected from three sampling 
stations and exceeded the SCO in samples collected from one sampling station; all other analytes 
were detected at concentrations less than their respective SCOs or were reported non-detect at the 
laboratory practical quantitation limit.  Under the SMS, biological test results override chemistry 
results when determining whether sediments exhibit toxicity to biological organisms.  Therefore, 
bioassays were conducted using the sediment samples collected from the wetlands that exceeded 
CSLs to further evaluate their toxicity and compliance with SMS biological criteria. 

2011 SEDIMENT BIOASSAYS  
Bioassay testing of samples collected from stations WetSed-1 through WetSed-3 was performed 
on May 23, 2011 by Nautilus Environmental (Nautilus) to evaluate the toxicity of the wetland 
sediments.  The Nautilus sediment bioassays included: 

• 10-day survival using the amphipod Hyalella azteca (H. azteca) (EPA method 100.1); 

• 20-day growth and survival using the midge Chironomus dilutus (C. dilutus) (EPA method 
100.5); and  

• Luminescence readings of the marine bacterium Vibrio fischeri after 5 minutes and 15 
minutes of exposure to sediment porewater (Microtox testing). 

This testing suite meets the current sediment biological testing requirements of WAC 173-204-
563(3)(d), requiring two different approved species; three endpoints, including one sublethal 
endpoint; and one chronic test.  Because Microtox testing is no longer an approved method of 
assessment for freshwater species under the SMS, these results are not discussed further in this 
memorandum.  A summary of bioassay results is provided in Table 5.  Bioassay results and 
discussion are provided in Attachment C.1   

Reductions in the rate of growth of C. dilutus were less than the SCO in sediment collected from 
all three sampling stations (Table 5).  Mortality exceeded the CSL in sediment collected from 
sampling station WetSed-3 on the south-central portion of the emergent wetland in the 20-day 
survival bioassay using C. dilutus.  Mortality also exceeded the SCO in sediment collected from 
sampling station WetSed-2, north of WetSed-3.   

Results for the 10-day survival bioassay using H. azteca were spatially dissimilar to results for the 
20-day survival bioassay using C. dilutus. 10-day survival of H. azteca at station WetSed-1 
exceeded the CSL and exceeded the SCO at station WetSed-2.  The CSL is considered to be 
exceeded if any one test (i.e., 10-day survival of H. azteca, 20-day survival of C. dilutus, or 20-

                                                 
1 The 2011 Nautilus study currently is only available in draft form. 

http://www.farallonconsulting.com/
http://www.farallonconsulting.com/


 

  
Washington Department of Ecology 

July 17, 2017 
Page 7 

 

 
P:\765001 Yakima Steel Fab\Correspondence\Wetland Evaluation TM\765-001 Wetland Evaluation TM.docx  
 

Qual i ty  Serv ice  for  Envi ronmenta l  So lut ions   |   fara l lonconsu l t ing.com 
 

day growth of C. dilutus) at a station exceeds the CSL or any two tests exceed the SCO.  Therefore, 
all three stations exceeded the CSL in 2011, but only by the minimum number of test results. 

Some quality control deviations from standard bioassay methodology that may have affected the 
bioassay results were noted by Nautilus, including decreased dissolved oxygen levels during the 
20-day survival bioassay using C. dilutus and adding twice the recommended number of test 
animals but not increasing the food ration during the 10-day survival bioassay using H. azteca. 

2013 SEDIMENT BIOASSAYS 
Metals concentrations, including cadmium (the only analyte detected at concentrations exceeding 
the CSL), were relatively similar in all three samples that were evaluated in the Nautilus sediment 
bioassays (Table 1).  To determine whether metals were associated with the observed toxicity in 
sediment samples collected from stations WetSed-1 through WetSed-3, Farallon contracted with 
Ramboll-Environ Inc. of Port Gamble, Washington (Environ) to perform a detailed evaluation of 
wetland sediment.  The Environ study had three primary objectives: 

• Verify the toxicity results of the Nautilus bioassay testing; 

• Conduct a toxicity identification evaluation; and 

• Determine, if toxicity was confirmed, whether a Site-specific cleanup level could be 
developed.  

Environ collected sediment samples from stations WetSed-1 through WetSed-3 on December 3, 
2013.  No standing water was observed at the time sediment sampling was conducted, and water 
was encountered at approximately 6 inches bgs.  The samples were analyzed for the parameters 
identified below: 

• Metals by EPA method 6010C; 

• Grain size and total organic carbon by Plumb (1981); 

• Percent solids by SM2540G; 

• Dissolved sulfides and ammonia by SM4500/NH3F; 

• Acid volatile sulfides and simultaneously extracted metals by EPA (1991); 

• 10-day survival using the amphipod H. azteca (EPA method 100.1); 

• 20-day growth and survival using the midge C. dilutus (EPA method 100.5); and  

• Luminescence readings of the marine bacterium Vibrio fischeri after 5-minutes and 15-
minutes of exposure to sediment porewater (Microtox testing). 

This testing suite meets the current sediment biological testing requirements of WAC 173-204-
563(3)(d), requiring two different approved species; three endpoints, including one sublethal 
endpoint; and one chronic test.  Because Microtox testing is no longer an approved freshwater 
species under the SMS, these results are not discussed further in this memorandum.  A summary 

http://www.farallonconsulting.com/
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of bioassay results is provided in Table 5.  Bioassay results and discussion are provided in 
Attachment D.2   

Analytical results for metals were similar to those obtained by Farallon in 2011.  Cadmium 
concentrations exceeded the CSL of 5.4 mg/kg in sediment collected from all three sampling 
stations.  Zinc concentrations were similar in samples collected from all three sampling stations to 
concentrations reported in 2011, with the exception of an elevated concentration of 3,810 mg/kg 
in a sample collected from station WetSed-3, which exceeded the SCO.  Concentrations of 
manganese and lead were similar to concentrations reported in 2011 and did not exceed applicable 
screening criteria. 

Acute mortality exceeded the CSL in the sediment collected from station WetSed-1, proximate to 
the Bay Chemical property sludge settling pond, during the 10-day survival bioassay using H. 
azteca.  Mortality exceeded the SCO in sediment collected from sampling stations WetSed-2 and 
Wetsed-3 on the central and south-central portions of the emergent wetland, respectively, during 
the 20-day survival bioassay using C. dilutus.  Other bioassay results for 10-day survival of H. 
azteca and 20-day growth of C. dilutus were less than their respective SCOs.   

In these results, only one station exceeded the CSL for 10-day survival of H. azteca and two stations 
exceeded the SCO for 20-day survival for C. dilutus, using the same bioassays as conducted in 2011. 
This difference may be due to natural recovery over time, sequestration of metals by wetland 
vegetation, or quality control issues in the 2011 bioassays that adversely affected the results. 

Environ identified freely dissolved metals, particularly zinc and potentially manganese, as the 
primary source of toxicity in sediment.  Both metals were present in sediment and dissolved in 
porewater (Table 15 in Attachment D).  Environ concluded that “zinc is likely to be the primary 
driver in toxicity” in porewater at sampling station WetSed-1.  However, a combination of metals 
likely contributed to toxicity at these stations.  Organic analytes were not identified as a source of 
toxicity in sediments collected from any sampling station, consistent with the chemistry results. 

SEDIMENT SITE EVALUATION 

Identification of a sediment site under SMS (WAC 173-204-520) requires a cluster of at least three 
sampling stations where the following conditions are met: 

• Concentrations of COPCs in sediments exceed the CSL for bioaccumulative chemicals
based on protection of human health, wildlife, birds, or fish;

• Concentrations of COPCs in sediment exceed the CSL chemical criteria identified in Table
VI in WAC 173-204-563(2); or

• Toxicity test results exceed biological standards identified in Table VII in WAC 173-204-
563(3).

2 The 2014 Environ study currently is only available in Agency Review Draft form. 

http://www.farallonconsulting.com/
http://www.farallonconsulting.com/


 

  
Washington Department of Ecology 

July 17, 2017 
Page 9 

 

 
P:\765001 Yakima Steel Fab\Correspondence\Wetland Evaluation TM\765-001 Wetland Evaluation TM.docx  
 

Qual i ty  Serv ice  for  Envi ronmenta l  So lut ions   |   fara l lonconsu l t ing.com 
 

No bioaccumulative COPCs have been identified in the wetland area.  Cadmium is the only metal 
that has been detected at concentrations exceeding CSL chemical criteria in samples collected from 
the sampling stations.  Bioassay results for sediment collected from the Site wetlands by Environ 
identified only a single station, WetSed-1, that exceeded biological CSL criteria.   

Under the SMS, the results of biological testing override chemistry results.  Therefore, based on 
WAC 173-204-520, the wetland area of the Site does not qualify for listing as a contaminated 
sediment site.  Although this area has already been identified as part of a listed site, it can be 
evaluated separately as a sediment management unit to determine whether cleanup is required.   

Because this area does not meet the site listing threshold under SMS, and because active cleanup 
of this area would require disturbance of the wetland, Farallon recommends that this area be 
formally separated into a sediment management unit and designated as requiring no further action. 

SUMMARY AND CONCLUSIONS 

A pond of variable size has been present on the Site since at least 1979.  Over the past 20 years, 
the pond has transitioned to include progressively less open standing water and increased growth 
of reeds and grasses in soft, saturated soil.  The City of Yakima first identified the combined open 
water and saturated soil area as a Type III wetland; this designation was carried forward in the RI 
Report.  The extent of the wetland was surveyed in 1997 and had a total area of approximately 0.4 
acre.  A subsequent delineation and wetland evaluation was performed by Ecology in 2016.  The 
Ecology assessment revised the wetland’s total area to 0.45 acre, including 0.3 acre of emergent 
wetland.  Ecology also assigned the wetland a Category III rating, which indicates some 
disturbance and isolation from the natural environment and a moderate level of ecological 
function.  

Soil and sediment sampling performed by Farallon in 2011 identified cadmium at concentrations 
exceeding the CSL of 5.4 mg/kg.  A bioassay evaluation was performed by Nautilus at six sampling 
stations within the wetland on the Site.  The Nautilus sediment bioassay results identified minor 
acute and chronic toxicity in wetland sediment samples, but the results were considered 
inconclusive due to quality control issues. 

Farallon contracted with Environ to perform a detailed evaluation of the Site wetland sediment to 
confirm sediment toxicity and, if confirmed, identify potential causes of toxicity.  The Environ 
evaluation identified toxicity exceeding both chemical and biological CSLs in sediment collected 
from sampling station WetSed-1.  Environ concluded that the toxicity of tested sediments was 
primarily associated with zinc in sediment porewater, but was unable to calculate a Site-specific 
cleanup standard.   

Although chemical and biological toxicity results for sampling station WetSed-1 exceed sediment 
CSLs, the Site wetland does not qualify as a sediment site requiring cleanup under WAC 173-204-
520 because there were fewer than three sampling stations that exceeded sediment CSLs.  

http://www.farallonconsulting.com/
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Therefore, Farallon recommends that the 0.45-acre wetland area be separated as a sediment 
management unit that does not require further evaluation in the Feasibility Study. 

Attachments: Figure 1, Site Vicinity Map 
Figure 2, Site Plan and Tax Parcel Locations 
Figure 3, Historical Wetland Extent 
Figure 4, Wetland Boundaries 
Table 1, Sediment Analytical Results for Metals 
Table 2, Analytical Results for Petroleum Hydrocarbons 
Table 3, Sediment Analytical Results for Volatile Organic Compounds 
Table 4, Sediment Analytical Results for Pesticides 
Table 5, Bioassay Results Summary 
Attachment A, References 
Attachment B, Ecology Wetland Delineation Memorandum 
Attachment C, Nautilus Bioassay Report 
Attachment D, Environ Agri-Tech Yakima Steel Sediment Evaluation 
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Table 1
Analytical Results for Metals

Agri-Tech and Yakima Steel Fabricators Site
Yakima, Washington
Farallon PN: 765-001

G:\Projects\765001 Yakima Steel Fab\Correspondence\Wetland Evaluation TM\Tables\draft_tables

1 of 1

Antimony 3 Arsenic 3 Cadmium 4 Copper 3 Lead 3 Manganese 3 Mercury 4 Zinc 3

E-wetsoil-052611-0.0-0.5 580-26451-1 5/26/2011 0.5 <5.1 <5.1 3.7 39 110 190 0.14 1,700
E-wetsoil-052611-0.5-1.0 580-26451-1 5/26/2011 1.0 <2.4 <2.4 <0.40 17 4.2 160 0.043 310

E-wetsoil-2-052611-0.5-1.0 580-26451-1 5/26/2011 1.0 <3.4 <3.4 1.6 19 19 250 0.071 670
E-wetsoil-2-052611-1.0-2.0 580-26451-1 5/26/2011 2.0 <3.0 <3.0 1.8 20 4.4 270 0.059 870

WetSed-1 E-wetsed-1-053111 580-26360-1 5/23/2011 0.5 <5.8 <5.8 9.2 36 190 210 − 2,700
WetSed-2 E-wetsed-2-053111 580-26360-1 5/23/2011 0.5 <6.9 7.6 6.8 41 150 220 − 2,800
WetSed-3 E-wetsed-3-053111 580-26360-1 5/23/2011 0.5 <6.1 8.5 7.8 52 180 270 − 2,700

G-wetsoil-052611-0.0-0.5 580-26451-1 5/26/2011 0.5 <2.4 <2.4 <0.40 16 3.5 210 0.044 41
G-wetsoil-052611-1.0-2.0 580-26451-1 5/26/2011 2.0 <4.2 <4.2 1.5 40 80 470 0.14 510

-- 14 2.1 400 360 -- 0.7 3,200
-- 120 5.4 1,200 1,300 -- 0.8 4,200

NOTES:
Results in bold denote concentrations exceeding applicable cleanup levels. COPC = constituent of potential concern
Result exceeds the sediment cleanup objective. L = a negative instrument reading had an absolute value greater than the reporting limit

Result exceeds the sediment cleanup screening level.
− = denotes sample not analyzed
< denotes analyte not detected at or exceeding the laboratory reporting limit listed.
1 Depth in feet below ground surface.
2 Analyzed by U.S. Environmental Protection Agency Methods 6000/6010/7000 Series.
3 Constituent was not retained as a COPC following completion of the Revised Remedial Investigation Report, Agri-Tech & Yakima Steel
  Fabricators, 6 and 10 1/2 East Washington Avenue, Yakima, Washington dated June 10, 2004, prepared by Farallon Consulting, L.L.C. (Revised RI Report).
4 Identified and retained as COPC in the Revised RI Report.
5Table VI, Freshwater Sediment Cleanup Objectives and Cleanup Screening Levels Chemical Criteria , of Section 563 of Chapter 173-204 of the 
   Washington Administrative Code (WAC 173-204-563).

Analytical Results (milligrams per kilogram)2

Grid Test Pit Sample Identification
Laboratory  

Report Sample Date
Sample Depth 

(feet) 1

Sediment Cleanup Objective5

Sediment Cleanup Screening Level5

Wetland Samples

E

WetSoil-1

WetSoil-2

G WetSoil-3



Table 2
Analytical Results for Petroleum Hydrocarbons

Agri-Tech and Yakima Steel Fabricators Site
Yakima, Washington
Farallon PN: 765-001

G:\Projects\765001 Yakima Steel Fab\Correspondence\Wetland Evaluation TM\Tables\draft_tables

1 of 1

E-wetsoil-052611-0.0-0.5 580-26451-1 5/26/2011 0.5 <36 <90 <180 <0.0019 <0.0038 <0.0019* <0.0047*
E-wetsoil-052611-0.5-1.0 580-26451-1 5/26/2011 1.0 <22 <54 <110 <0.0012H <0.0024H <0.0012H <0.0036H

E-wetsoil-2-052611-0.5-1.0 580-26451-1 5/26/2011 1.0 <22 <55 <110 <0.00091H <0.0018H <0.00091H <0.00271H

E-wetsoil-2-052611-1.0-2.0 580-26451-1 5/26/2011 2.0 <23 <58 <120 <0.0013H <0.0026H <0.0013H <0.0039H

WetSed-1 E-wetsed-1-052311 580-26502-1 5/23/2011 0.5 -- − − <0.0027 <0.0054 <0.0027 <0.0081
WetSed-2 E-wetsed-2-052311 580-26502-1 5/23/2011 0.5 -- − − <0.0026 <0.0052 <0.0026 <0.0078
WetSed-3 E-wetsed-3-052311 580-26502-1 5/23/2011 0.5 -- − − <0.0033 <0.0066 <0.0033 <0.0099

G-wetsoil-052611-0.0-0.5 580-26451-1 5/26/2011 0.5 <24 <60 <120 <0.0013H <0.0025H <0.0013H <0.0038H

G-wetsoil-052611-1.0-2.0 580-26451-1 5/26/2011 2.0 <30 <74 <150 <0.00094 <0.0019 <0.00094 <0.00284
-- 340 3,600 -- -- -- --
-- 510 4,400 -- -- -- --

NOTES:

Results in bold denote concentrations exceeding applicable cleanup levels. COPC = constituent of potential concern

< denotes analyte not detected at or exceeding the laboratory reporting limit listed. DRO = total petroleum hydrocarbons (TPH) as diesel-range organics 
1 Depth in feet below ground surface. ORO = TPH as oil-range organics  
2 Analyzed by Northwest Method NWTPH-HCID. H = sample was prepared or analyzed beyond the specified holding time
3 Analyzed by Northwest Method NWTPH-Dx.
4Table VI, Freshwater Sediment Cleanup Objectives and Cleanup Screening Levels Chemical Criteria , of Section 563 of Chapter 173-204 of the Washington Administrative Code (WAC 173-204-563).

Analytical Results 
(milligrams per kilogram) 

Grid Test Pit
Sample

Identification Lab Report Sample Date
Sample Depth

(feet)1
Ethyl-

benzene3 Xylenes3GRO2 DRO3 ORO3 Benzene3 Toluene3

Sediment Cleanup Objective4

Sediment Cleanup Screening Level4

G Wetsoil-3

Wetland Samples

E

Wetsoil-1

Wetsoil-2



Table 3
Analytical Results for Volatile Organic Compounds

Agri-Tech and Yakima Steel Fabricators Site
Yakima, Washington
Farallon PN: 765-001

G:\Projects\765001 Yakima Steel Fab\Correspondence\Wetland Evaluation TM\Tables\draft_tables
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E-wetsoil-052611-0.0-0.5 580-26451-1 5/26/2011 0.5 <0.0019 <0.0019* <0.0038 * <0.0019 * <0.0038 <0.0094 * <0.0038 * <0.0038 * <0.0038 * <0.028 <0.0094 <0.0038 * <0.0019 *
E-wetsoil-052611-0.5-1.0 580-26451-1 5/26/2011 1.0 <0.0012 H <0.0012 H <0.0024 H <0.0012 H <0.0024 H <0.0060 H <0.0024 H <0.0024 H <0.0024 H <0.018 H <0.0060 H <0.0024 H <0.0012 H

E-wetsoil-2-052611-0.5-1.0 580-26451-1 5/26/2011 1.0 <0.00091 H <0.00091 H <0.0018 H <0.00091 H <0.0018 H <0.0045 H <0.0018 H <0.0018 H <0.0018 H <0.014 H <0.0045 H <0.0018 H <0.00091 H
E-wetsoil-2-052611-1.0-2.0 580-26451-1 5/26/2011 2.0 <0.0013 H <0.0013 H <0.0026 H <0.0013 H <0.0026 H <0.0065 H <0.0026 H <0.0026 H <0.0026 H <0.019 H <0.0065 H <0.0026 H <0.0013 H

WetSed-1 E-wetsed-1-053111 580-26502-1 5/23/2011 0.5 <0.0027 <0.0027 <0.0054 <0.0027 <0.0054 <0.014 <0.0054 <0.0054 <0.054 <0.041 <0.014 <0.0054 <0.0027
WetSed-2 E-wetsed-2-053111 580-26502-1 5/23/2011 0.5 <0.0026 <0.0026 <0.0052 <0.0026 <0.0052 <0.013 <0.0052 <0.0052 <0.0052 <0.039 <0.013 <0.0052 <0.0026
WetSed-3 E-wetsed-3-053111 580-26502-1 5/23/2011 0.5 <0.0033 <0.0033 <0.0066 <0.0033 <0.0066 <0.017 <0.0066 <0.0066 <0.0066 <0.050 <0.017 <0.0066 <0.0033

G-wetsoil-052611-0.0-0.5 580-26451-1 5/26/2011 0.5 <0.0013 H <0.0013 H <0.0025 H <0.0013 H <0.0025 H <0.0064 H <0.0025 H <0.0025 H <0.0025 H <0.019 H <0.0064 H <0.0025 H <0.0013 H
G-wetsoil-052611-1.0-2.0 580-26451-1 5/26/2011 2.0 <0.00094 <0.00094 <0.0019 <0.00094 <0.0019 <0.0047 <0.0019 <0.0019 <0.0019 <0.014 <0.0047 <0.0019 <0.00094

-- -- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- -- --

NOTES:

Results in bold denote concentrations exceeding applicable cleanup levels. COPC = constituent of potential concern
< denotes analyte not detected at or exceeding the reporting limit listed. H = sample was prepared or analyzed beyond specified holding time
-- Denotes the initial calibration curve was outside acceptance criteria for Carbon Disulfide.  As Carbon Disulfide was not a MEK = 2-butanone

   requested analyte at the time of sample analysis, it cannot be reported. NE = not established

* Denotes Internal Standard response or retention time outside acceptable limits. PCE = tetrachloroethene
1 Depth in feet below ground surface. TCE = trichloroethene
2 Analyzed by U.S. Environmental Protection Agency Method 8260B. VOCs = volatile organic compounds
3 Compound was not retained as a COPC following completion of the Revised Remedial Investigation Report, Agri-Tech & 
  Yakima Steel Fabricators, 6 and 10 1/2 East Washington Avenue, Yakima, Washington dated June 10, 2004, prepared by 

  Farallon Consulting, L.L.C. (Revised RI Report).
4 Identified and retained as a COPC in the Revised RI Report.
5Table VI, Freshwater Sediment Cleanup Objectives and Cleanup Screening Levels Chemical Criteria , of Section 563 of 
  Chapter 173-204 of the Washington Administrative Code (WAC 173-204-563).

Sediment Cleanup Screening Level5

Wetland Samples

Wetsoil-1

Analytical Results (milligrams per kilogram)2

Grid Test Pit Sample Identification Lab Report Sample Date

Sample 
Depth 
(feet)1

Sediment Cleanup Objective5

E Wetsoil-2

G Wetsoil-3



Table 3
Analytical Results for Volatile Organic Compounds

Agri-Tech and Yakima Steel Fabricators Site
Yakima, Washington
Farallon PN: 765-001

G:\Projects\765001 Yakima Steel Fab\Correspondence\Wetland Evaluation TM\Tables\draft_tables

2 of 2

E-wetsoil-052611-0.0-0.5 580-26451-1 5/26/2011 0.5
E-wetsoil-052611-0.5-1.0 580-26451-1 5/26/2011 1.0

E-wetsoil-2-052611-0.5-1.0 580-26451-1 5/26/2011 1.0
E-wetsoil-2-052611-1.0-2.0 580-26451-1 5/26/2011 2.0

WetSed-1 E-wetsed-1-053111 580-26502-1 5/23/2011 0.5
WetSed-2 E-wetsed-2-053111 580-26502-1 5/23/2011 0.5
WetSed-3 E-wetsed-3-053111 580-26502-1 5/23/2011 0.5

G-wetsoil-052611-0.0-0.5 580-26451-1 5/26/2011 0.5
G-wetsoil-052611-1.0-2.0 580-26451-1 5/26/2011 2.0

NOTES:

Results in bold denote concentrations exceeding applicable cleanup levels.

< denotes analyte not detected at or exceeding the reporting limit listed.

-- Denotes the initial calibration curve was outside acceptance criteria for Carbon Disulfide.  As Carbon Disulfide was not a

   requested analyte at the time of sample analysis, it cannot be reported.

* Denotes Internal Standard response or retention time outside acceptable limits.
1 Depth in feet below ground surface.
2 Analyzed by U.S. Environmental Protection Agency Method 8260B.
3 Compound was not retained as a COPC following completion of the Revised Remedial Investigation Report, Agri-Tech & 
  Yakima Steel Fabricators, 6 and 10 1/2 East Washington Avenue, Yakima, Washington dated June 10, 2004, prepared by 

  Farallon Consulting, L.L.C. (Revised RI Report).
4 Identified and retained as a COPC in the Revised RI Report.
5Table VI, Freshwater Sediment Cleanup Objectives and Cleanup Screening Levels Chemical Criteria , of Section 563 of 
  Chapter 173-204 of the Washington Administrative Code (WAC 173-204-563).

Sediment Cleanup Screening Level5

Wetsoil-1

Grid Test Pit Sample Identification Lab Report Sample Date

Sample 
Depth 
(feet)1

Sediment Cleanup Objective5

E Wetsoil-2

G Wetsoil-3
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0.094 <0.0038 * <0.0094 * 0.0064 <0.0019 0.010 <0.0019 <0.0019 <0.0019 <0.0094 <0.0019 <0.0038 *
<0.018 H <0.0024 H <0.0060 H <0.0012 H <0.0012 H <0.0060 H <0.0012 H <0.0012 H <0.0012 H <0.0060 H <0.0012 H <0.0024 H
0.029 H <0.0018 H <0.0045 H 0.0010 H <0.00091 H <0.0045 H <0.00091 H <0.00091 H <0.00091 H <0.0045 H <0.00091 H <0.0018 H
0.038 H <0.0026 H <0.0065 H <0.0013 H <0.0013 H <0.0065 H <0.0013 H <0.0013 H <0.0013 H <0.0065 H <0.0013 H <0.0026 H
0.082 <0.0054 <0.014 <0.0027 <0.0027 <0.014 <0.0027 <0.0027 <0.0027 <0.014 <0.0027 <0.0054

<0.039 <0.0052 <0.013 0.0032 <0.0026 <0.013 <0.0026 <0.0026 <0.0026 <0.013 <0.0026 <0.0052
0.110 <0.0066 <0.017 <0.0033 <0.0033 0.025 <0.0033 <0.0033 <0.0033 <0.017 <0.0033 <0.0066

<0.019 H <0.0025 H <0.0013 H <0.0013 H <0.0013 H <0.0064 H <0.0013 H <0.0013 H <0.0013 H <0.0064 H <0.0013 H <0.0025 H
<0.014 <0.0019 <0.0047 <0.00094 <0.00094 <0.0047 <0.00094 <0.00094 <0.00094 <0.0047 <0.00094 <0.0019

-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --

COPC = constituent of potential concern

H = sample was prepared or analyzed beyond specified holding time
MEK = 2-butanone

NE = not established

PCE = tetrachloroethene

TCE = trichloroethene

VOCs = volatile organic compounds

Wetland Samples

Analytical Results (milligrams per kilogram)2



Table 4
Analytical Results for Pesticides

Agri-Tech and Yakima Steel Fabricators Site
Yakima, Washington
Farallon PN: 765-001

G:\Projects\765001 Yakima Steel Fab\Correspondence\Wetland Evaluation TM\Tables\draft_tables
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E-wetsoil-052611-0.0-0.5 5/26/2011 0.5 <0.0019 <0.0019 <0.0038 <0.0038 <0.0038 <0.0038 <0.0038 <0.0038 <0.0019 <0.0038 <0.0019 <0.0019 <0.0038
E-wetsoil-052611-0.5-1.0 5/26/2011 1.0 <0.0011 <0.0011 <0.0022 <0.0022 <0.0022 <0.0022 <0.0022 <0.0022 <0.0011 <0.0022 <0.0011 <0.0011 <0.0022

E-wetsoil-2-052611-0.5-1.0 5/26/2011 1.0 <0.0011 <0.0011 <0.0023 <0.0023 <0.0023 <0.0023 <0.0023 <0.0023 <0.0011 <0.0023 <0.0011 <0.0011 <0.0023
E-wetsoil-2-052611-1.0-2.0 5/26/2011 2.0 <0.0011 <0.0011 <0.0023 <0.0023 <0.0023 <0.0023 <0.0023 <0.0023 <0.0011 <0.0023 <0.0011 <0.0011 <0.0023

WetSed-1 580-26360-1 E-wetsed-1-053111 5/23/2011 0.5 <0.0021 H <0.0021 H <0.0042 H <0.0042 H <0.0042 H <0.0042 H <0.0042 H <0.0042 H <0.0021 H* <0.0042 H <0.0021 H <0.0021 H <0.0042 H
WetSed-2 580-26360-1 E-wetsed-2-053111 5/23/2011 0.5 <0.0022 H <0.0022 H <0.0044 H <0.0044 H <0.0044 H <0.0044 H <0.0044 H <0.0044 H <0.0022 H* <0.0044 H <0.0022 H <0.0022 H <0.0044 H
WetSed-3 580-26360-1 E-wetsed-3-053111 5/23/2011 0.5 <0.0023 H <0.0023 H <0.0047 H <0.0047 H <0.0047 H <0.0047 H <0.0047 H <0.0047 H <0.0023 H* <0.0047 H <0.0023 H <0.0023 H <0.0047 H

G-wetsoil-052611-0.0-0.5 5/26/2011 0.5 <0.0012 <0.0012 <0.0024 <0.0024 <0.0024 <0.0024 <0.0024 <0.0024 <0.0012 <0.0024 <0.0012 <0.0012 <0.0024
G-wetsoil-052611-1.0-2.0 5/26/2011 2.0 <0.0016 <0.0016 <0.0031 <0.0031 <0.0031 <0.0031 <0.0031 <0.0031 <0.0016 <0.0031 <0.0016 <0.0016 <0.0031

-- -- 0.31 0.31 0.10 4.9 -- -- -- -- -- -- --
-- -- 0.86 0.9 8.1 9.3 -- -- -- -- -- -- --

NOTES:
Results in bold denote concentrations  at or exceeding the Preliminary Screening Level indicated.
< denotes analyte not detected at or above the reporting limit listed. * = Response or retention time outside acceptable limits.
1 Depth in feet below ground surface. COPC = constituent of potential concern
2 Analyzed by U.S. Environmental Protection Agency Method 8081. H = sample was prepared or analyzed beyond the specified holding time
3 Constituent was not retained as a COPC following completion of the Revised Remedial Investigation Report, Agri-Tech & Yakima Steel NE = not established

  Fabricators, 6 and 10 1/2 East Washington Avenue, Yakima, Washington dated June 10, 2004, prepared by Farallon Consulting, L.L.C. (Revised RI Report).
4 Identified and retained as a COPC in the Revised RI Report.
5Table VI, Freshwater Sediment Cleanup Objectives and Cleanup Screening Levels Chemical Criteria , of Section 563 of Chapter 173-204 of the 

   Washington Administrative Code (WAC 173-204-563).

Wetland Samples

580-26451-1

Analytical Results (milligrams per kilogram)2

Grid Test Pit Lab Report Sample Identification Sample Date

Sample 
Depth 
(feet) 1

Sediment Cleanup Screening Level5

E

WetSoil-1 580-26451-1

WetSoil-2

G WetSoil-3 580-26451-1

Sediment Cleanup Objective5



Table 5
Bioassay Results Summary

Agri-Tech and Yakima Steel Fabricators Site
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SCO CSL Nautilus Environ Nautilus Environ Nautilus Environ

10-day H. azteca  Mortality (M T ‐M C ) >15% >25% 100% 91% 14% ‐4% 4% ‐4%

20-day C. dilutus Mortality (M T ‐M C ) >15% >25% 15% 14% 18% 17% 58% 20%

20-day C. dilutus Growth (MIG C ‐MIG T )/MIG C >0.25 >0.40 ‐0.22 0.12 0.04 ‐0.31 0.34 ‐0.01

Table based on Attachment C, Table 24, Summary of Sediment Chemistry and Test Results, Agri-Tech/YSF, 2011 and 2013.
NOTES:

Result exceeds sediment cleanup objective. CSL = Cleanup Screening Level
Result exceeds sediment cleanup screening level. Environ = Ramboll-Environ Corporation

MC = Control group mortality
MIGC = Control group mean individual growth
MIGT = Test group mean individual growth
MT = Test group mortality
Nautilus = Nautilus Environmental
SCO = Sediment Cleanup Objective

Bioassay Evaluation
WETSED‐1 WETSED‐2 WETSED‐3Screening Criteria
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1.0 INTRODUCTION 
 
On May 23rd, 2011 Test America collected freshwater sediments for biological testing.  Test 
America contracted with Nautilus Environmental to provide toxicity-testing services for the 
project.  The three sediment samples selected for testing included samples E-WetSed-1-052311 
(WETSED-1), E-WetSed-2-052311 (WETSED-2), and E-WetSed-3-052311 (WETSED-3).  No 
reference sample was collected in conjunction with this project.  The freshwater sediment 
samples were tested for toxicity using the Chironomus dilutus (aka tentans) 20-day survival and 
growth bioassay (USEPA 2000 and ASTM 2000), the Hyalella azteca 10-day survival bioassay 
(USEPA 2000 and ASTM 2000), and the 15-minute 100 percent porewater Microtox® bacteria 
bioluminescence test.  All tests met negative and positive control criteria. 
 
Results were evaluated by comparing test data to the criteria in the Sediment Evaluation 
Framework for the Pacific Northwest (RSET 2009) guidance document.  C. dilutus, H. azteca, and 
Microtox results were compared to control results, and examined for statistically significant 
effects (α = 0.05).  Acceptability criteria from the literature are summarized in Table 1. 
 
Table 1 Acceptability criteria for bioassays 

Test Type C. dilutus 20-Day H. azteca 10-Day Microtox  
Endpoint Survival and Growth Survival  Luminescence 
Source RSET 2009 RSET 2009 RSET 2009 
Test Criteria One-hit failure is mortality > 

control mortality + 25% and/or 
biomass <60% of control biomass 
and significant difference 
 
Two-hit failure is mortality > 
control mortality + 15% and/or 
biomass <75% of control biomass 
and significant difference 

One-hit failure is mortality > 
control mortality + 25% and 
significant difference 
 
 
Two-hit failure is mortality > 
control mortality + 10% and 
significant difference 

One-hit failure is 
Luminescence <75% of 
control luminescence and 
significant difference 
 
Two-hit failure is 
Luminescence <85% of 
control luminescence and 
significant difference 

Control 
Criteria 

Negative control ≤32% mortality 
and growth ≥0.48 mg/ind. ash-
free dry weight 

Negative control ≤20% 
mortality  

Negative control final light 
output > 72% of initial 
output 
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2.0 SAMPLES 
 
Upon receipt of samples from Test America, samples were matched with the chain-of-custody 
form and inspected.  Samples were stored at 4 ± 2°C in the dark prior to test initiation.  Toxicity 
tests were initiated within 2 weeks of collection (Table 2).  Total ammonia levels in the 
porewater ranged from <1.0 to 2.7 milligrams per liter (mg/L).  Both overlying ammonia and 
sulfides were also measured during testing, and the results are reported in the QA/QC sections 
for each test.   
 
Table 2 Summary of sample collection and test initiation dates 

Sample ID Collection Date Microtox Test 
Initiation Date 

H. azteca Test 
Initiation Date 

C. dilutus Test 
Initiation Date 

E-WetSed-1-
052311 

E-WetSed-2-
052311 

E-WetSed-3-
052311 

May 23, 2011 June 6, 2011 June 7, 2011 June 9, 2011 

 
3.0 CHIRONOMUS DILUTUS TEST 
 
3.1 Methods 
 
C. dilutus were exposed to test sediments for 20 days to determine the effects of site sediment on 
survival and growth.  These tests were conducted according to methods presented in USEPA 
(2000) and ASTM (2000), and are summarized in Table 3. 
  
C. dilutus egg cases were obtained from Aquatic BioSystems (Fort Collins, Colorado) and 
arrived at the laboratory on June 8, 2011.  The egg cases were transported in insulated 
containers in oxygen-saturated water contained in 500-mL plastic bottles.  Upon arrival at the 
laboratory, water quality parameters were measured and observations of organism condition 
were made.  The egg cases were 20°C at receipt, and were cultured at 23°C.  The organisms 
emerged from the egg cases on June 9th and tests were initiated the same day.   
 
One day prior to test initiation (Day –1), the sediment samples were homogenized, 100-ml of 
sediment was distributed to each of eight labeled test chambers for each of the samples, and 
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175-ml diluted mineral water (prepared by diluting two parts Perrier® into eight parts 
deionized water) was added to each container.  Control sediment consisted of clean, rinsed 
silica sand (50/50 mix of #30 and #70) mixed with peat moss (1/2 Tbsp) that was rinsed 
overnight in diluted mineral water.  Eight test chambers were also prepared for the control 
sediment.  An additional replicate was included for each sediment sample and the control 
sediment as a sacrificial test chamber for routine water quality measurements.   
 
The test chambers were randomized and the sediments were left to settle overnight.  On Day 0, 
overlying ammonia, sulfide, hardness, alkalinity, dissolved oxygen (DO), pH, conductivity, and 
temperature were measured.  Twelve organisms were directly added to each test chamber, in 
random order.   
 
Each test chamber was provided 1.5 mL of food daily (after the second renewal) starting on Day 
-1.  The food consisted of a mixture of 4 g ground Tetrafin® flakes mixed with 1 L diluted 
mineral water.  The feeding regime was reduced if the presence of excess food was observed on 
the sediment surface in several test chambers, which occurred on Day 8 only.  Abnormal 
conditions or unusual animal behavior, if observed, were noted daily. 
 
Temperature, DO, pH, and conductivity were monitored daily in the water quality replicate for 
each sample, while alkalinity, hardness, ammonia and sulfides were measured on Days 5, 10, 
and 15.  Water was renewed twice daily.    
 
At test termination, subsamples of overlying water were collected from each water quality 
replicate for ammonia, hardness, alkalinity, and sulfide analyses. The contents of each test 
chamber were gently mixed to suspend the sediment and poured through a 0.5-mm Nitex 
screen.  The sediment was rinsed through the screen using dechlorinated tap water.  Animals 
were removed from the screen and the number of survivors counted and recorded.  Presence of 
pupae, flies, or exuviae (molts) were noted.  The larvae were rinsed with deionized water and 
placed into pre-ashed, pre-weighed weigh boats.  The weigh boats were placed in an oven at 
60°C for at least 24-hours, then placed in a dessicator until dry weight could be measured.  The 
weigh boats were then placed in a muffle furnace at 550°C for two hours, placed in a dessicator 
to cool, then weighed again to determine the ash weight.  The ash weight was subtracted from 
the dry weight to determine the ash-free dry weight (AFDW).  The number and AFDW of 
surviving chironomids were evaluated statistically by one-tailed t-test, or one-tailed Mann-
Whitney U-test, as appropriate, to determine whether the samples exhibited a significant 
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decrease in survival or growth relative to the control (p<0.05).  Survival data were arcsine 
transformed, while growth data was either square root or log transformed as needed to stabilize 
the variances and improve normality of the data prior to performing the t-test.  Data that failed 
to meet parametric assumptions even after transformations were analyzed with the non-
parametric Mann-Whitney U-test.  Site performance was evaluated against the sediment 
acceptability criteria outlined in RSET 2009 (Table 1).  The criteria for acceptable test 
performance were an average of ≤32 percent mortality of control organisms, and an average of 
at least 0.48 mg/individual AFDW per surviving control organism. 
 
A 96-hour reference toxicant test using copper chloride (CuCl2) was conducted concurrently 
with the tests on the sediments to determine whether the sensitivity of the test organisms was 
appropriate.  This test was run with four replicates, ten animals per replicate, in diluted mineral 
water at 23°C, with a small amount of clean control sand as a substrate. Tetrafin® slurry (1.25 
mL of 4 g/L Tetrafin) was added to each chamber on days 0 and 2. 
 
Table 3 Summary of methods for the 20-day test with Chironomus dilutus 

Test initiation date June 9, 2011 
Test termination date June 29, 2011 
Test organism source Aquatic BioSystems; Fort Collins, Colorado 
Organism age at test initiation < 4 hours post-emergence from egg case 

1.5 mL of 4.0 g/L Tetrafin mixture every day; 
frequency reduced if excess food observed 

Feeding 

Test chamber 475-mL glass beaker 
Test sediment volume 100 mL 
Dilution water type & volume 175 mL diluted mineral water  
Water renewal Twice daily 
Control sediment Sand mixed with peat (1/2 Tbsp) 
Number of organisms/replicate 12 
Number of replicates/sample 8 plus water quality surrogates 
Test temperature 23± 1ºC 
Illumination 16 hours light : 8 hours dark 
Aeration Started on Day 13 
Reference toxicant Copper chloride 
Acceptability Criteria ≤32% mortality, 0.48 mg/individual AFDW 
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3.2 Results 
 
The results of toxicity tests conducted using C. dilutus are provided in Table 4.  Statistics were 
conducted using Biostat software, which follows the flowchart recommended by RSET.  
Comparisons are shown to the control.  A detailed summary of results is provided in Appendix 
A.  Summary and detailed statistical analyses for endpoint measurements are provided in 
Appendix B.  Summaries of water quality data are provided in Appendix C.  Benchsheets are 
provided in Appendix D. 
 

Table 4 Results of Chironomus dilutus tests.  Samples with statistically reduced 
survival or growth are underlined, and values failing two-hit RSET criteria 
are shaded gray, while samples failing one-hit RSET criteria are bold.1, 2  

Sample Percent Mortality 
(Mean ± SD) 

Mortality Percent 
Difference From 

Ash-Free Dry Weight 
per Org (mg) 

Ash-Free Dry Weight 
Percent of Control 

Control 6.3 ± 7.4 -- 0.91 ± 0.11 -- 
WETSED-1 20.8 ± 21.4 14.6 1.11 ± 0.46 123 
WETSED-2 24.0 ± 12.9 17.7 0.87 ± 0.22 96 
WETSED-3 63.5 ± 31.2 57.3 0.60 ± 0.57 66 

1Criteria for one-hit failure is significant decrease in mortality (p<0.05), and mortality greater than 25% of control 
(RSET 2009), 2Criteria for two-hit failure is significant decrease in mortality (p<0.05), and mortality greater than 15% 
of control (RSET 2009) 

 
3.3 QA/QC 
 
The C. dilutus were received in good condition for the June 9, 2011 test. All water quality 
parameters remained within acceptable ranges throughout the tests. A summary of the water 
quality parameters is presented in Table 5. Dissolved oxygen levels were decreased to a level on 
concern on day 13, and all replicates were aerated from that point forward. There were no 
deviations from the protocols. The toxicity test for mortality with this species met the control 
acceptability criterion (<32 percent mortality; >0.48 mg/ind AFDW). 
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Table 5 Summary of water quality parameters for C. dilutus tests (means and ranges). 
Required values are shown in brackets. 

Analyte Control WETSED-1 WETSED-2 WETSED-3 
 Mean  

(Min-Max) 

Temp. (°C)  [23 ± 1°C] 22.0 
(21.7-22.2) 

22.0 
(21.8-22.2) 

21.9 
(21.7-22.1) 

21.9 
(21.7-22.1) 

DO (mg/L) [>2.5 mg/L] 6.7 
(3.3-9.0) 

6.7 
 (3.5-9.0) 

7.1 
(5.2-9.1) 

7.0 
(5.2-9.0) 

pH [6-9] 7.34 
(6.58-7.99) 

7.18 
(6.43-7.89) 

7.13 
(6.46-7.80) 

7.35 
(6.80-7.99) 

Cond. (μS/cm) [NA] 208 
(127-296) 

180 
(149-227) 

249 
(158-413) 

251 
(192-382) 

Alkalinity (mg/L 
CaCO3) [<50% variable] 

58 
(48-72) 

65 
(60-68) 

69 
(64-72) 

85 
 (80-88) 

Hardness  (mg/L 
CaCO3) [<50% variable] 

83 
(80-88) 

98 
(80-108) 

195 
(84-228) 

122 
(100-140) 

Total Overlying NH3 
(mg/L) [<50% variable] 

1.6 

(1.1-1.7) 
1.2a 

(<1.0-1.3) 
1.3a 

(<1.0-1.3) 
<1.0 

(<1.0-<1.0) 
Total Overlying Sulfides 
(mg/L) [NA] 

0.035a

(<0.010-0.058) 
0.028a

(<0.010-0.054) 
0.044a 

(<0.010-0.044) 
0.020a 

(<0.010-0.021) 
a estimated value 

 
The result of the reference toxicant test conducted in conjunction with this testing program is 
provided in Table 6.  Bench sheets and control charts are provided in Appendix E.  This test was 
run with the same batch of organisms used in the testing program.  The result of this test fell 
within the range of mean ± two standard deviations of historical results, indicating that the 
sensitivity of the test organisms was appropriate. 
 

Table 6 C. dilutus reference toxicant test results. 

Species Test date Toxicant LC50 Acceptable 
Range  

CV 
(%) 

Chironomus dilutus June 23, 2011 Cu 571 μg/L 401 – 1070 μg/L 22.7 

 
3.4 Discussion 
 
Mortality in the samples ranged from 20.8 to 63.5 percent, compared with 6.3 percent in the 
control.  Sediment samples WETSED-2 and WETSED-3 were significantly different from control 
and were more than 15 percent higher than the control, failing the two-hit criterion for survival. 
WETSED-3 was also more than 25 percent higher than the control, failing the one-hit criterion 
for survival.  Survival in WETSED-1 was not significantly different from the control, due to high 
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variability in the sample.  Growth in the samples ranged from 0.60 to 1.11 mg/individual 
AFDW, compared with 0.91 mg/individual AFDW in the control.  Growth in sample WETSED-
1 was greater than the control.  Growth in WETSED-2 and WETSED-3 was not significantly 
different from the control. Therefore none of the sites fail either the one- or two-hit failure 
requirements. 
 
The total ammonia level reached 1.3 mg/L in the test sediments, which was well below the 
reported 4-day lethal concentration for 50% of test organisms (LC50) range for C. dilutus of 82 to 
370 mg/L (USEPA 2000). While sulfide toxicity thresholds are not available for this species, they 
were measured as part of the Ecology reference site study (Nautilus 2008), and samples with 
porewater sulfide values similar (0.226 to >0.600 mg/L) to the values found in the current study 
(0.010 to 0.054 mg/L) did not result in measurable effects. Therefore, it is unlikely that ammonia 
or sulfide levels caused the observed increases in mortality in the test sediments. 
 
4.0 HYALELLA AZTECA TEST 
 
4.1 Methods 
 
H. azteca were exposed to test sediments for 10 days to determine the effects of site sediments on 
survival.  These tests were conducted according to methods presented in USEPA (2000) and 
ASTM (2000), and are summarized in Table 7.   
  
H. azteca were obtained from Aquatic Indicators (St. Augustine, Florida) and arrived at the 
laboratory on June 2, 2011.  The organisms were transported in insulated boxes in oxygen-
saturated water contained in plastic bags with fine screens as a substrate.  Upon arrival at the 
laboratory, water quality parameters were measured and observations of animal condition were 
made.  The organisms were acclimated to test conditions prior to test initiation over a 96-hour 
time period.  During the acclimation period, the animals were observed for any indication of 
stress or significant mortality and any observations were recorded.   
 
One day prior to test initiation (Day –1), the sediment samples were homogenized, 100-ml 
sediment was distributed to each of eight labeled test chambers for each of the samples, and 
175-ml diluted mineral water (prepared by diluting two parts Perrier® into eight parts 
deionized water) was added to each container.  Control sediment consisted of clean, rinsed 
silica sand (50/50 mix of #30 and #70) mixed with peat moss (1/2 Tbsp) that was rinsed 
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overnight in diluted mineral water.  Eight test chambers were also prepared for the control 
sediment. An additional replicate was included for each sediment sample and the control 
sediment as a sacrificial test chamber for routine water quality measurements.  
 
The test chambers were randomized and the sediments were left to settle overnight.  On Day 0, 
overlying ammonia, sulfide, hardness, alkalinity, dissolved oxygen (DO), pH, conductivity, and 
temperature were measured.  Organisms were carefully separated into groups of 10 amphipods 
in 30 mL cups containing diluted mineral water.  The number of organisms was then recounted 
and any animals exhibiting signs of stress were replaced.  The organisms were then gently 
added to the test chambers, two cups for each test chamber for a total of 20 organisms per 
chamber.   
 
Temperature, DO, pH, and conductivity were monitored daily in the water quality replicate for 
each sample, while overlying ammonia, sulfide, hardness, and alkalinity were monitored on 
Day 5.  Water was renewed twice daily in all chambers. Abnormal conditions or unusual animal 
behavior, if observed, were also noted daily.  Each test chamber was fed 1 ml of Yeast Trout 
Chow (YTC) daily after the second renewal. 
 
At test termination, subsamples of overlying water were collected for ammonia, hardness, 
alkalinity, and sulfides analyses, from each water quality replicate.  The contents of each test 
chamber were gently mixed to suspend the sediment and poured through a 0.5-mm Nitex 
screen.  The sediment was rinsed through the screen using dechlorinated tap water.  The screen 
was then placed in diluted mineral water and the number of survivors counted and recorded.  
The number of surviving amphipods was evaluated statistically by one-tailed t-test, or one-
tailed Mann-Whitey U-test, as appropriate, to determine whether the samples exhibited a 
significant decrease in survival relative to the control (p<0.05).  Survival data was arcsin 
transformed as needed to stabilize the variances and improve normality of the data.  Site 
performance was evaluated against sediment acceptability criteria outlined by the Northwest 
Regional Sediment Evaluation Framework (RSET 2009), as presented in Table 1. 
 
A 96-hour reference toxicant test using copper chloride (CuCl2) was conducted concurrently 
with the sediment tests to determine whether the sensitivity of the test organisms was within 
the range typically observed.  The test was run with four replicates, ten animals per replicate, in 
diluted mineral water with a square of nitex screen as a substrate.   
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Table 7 Summary of methods for the 10-day test with Hyalella azteca. 

Test initiation date June 7, 2011 
Test termination date June 17, 2011 
Test organism source Aquatic Indicators, St. Augustine, Florida 
Organism age at test initiation 8 days 
Feeding 1 ml of YTC daily 
Test chamber 475-ml glass beaker 
Test sediment volume 100 ml 
Dilution water type & volume 175 ml diluted mineral water 
Water renewal Twice daily 
Control sediment Sand mixed with peat (1/2 Tbsp) 
Number of organisms/replicate 10 
Number of replicates/sample 8 plus water quality surrogate  
Test temperature 23 ± 1ºC 
Illumination 16 hours light: 8 hours dark 
Aeration None 
Reference toxicant Copper chloride 
Acceptability criterion for control ≥80% survival 

 
4.2 Results 
 
The results of toxicity tests conducted using H. azteca are provided in Table 8.  Statistics were 
conducted using Biostat software, which follows the flowchart recommended by RSET.  
Comparisons are shown to the control.  A detailed summary of results is provided in Appendix 
A.  Summary and detailed statistical analyses for endpoint measurements are provided in 
Appendix B.  Summaries of water quality data are provided in Appendix C.  Benchsheets are 
provided in Appendix D. 
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Table 8 Results of Hyalella azteca tests. Samples with statistically reduced survival 
or are underlined, and values failing two-hit RSET criteria are shaded gray, 
while samples failing one-hit RSET criteria are bold.1, 2

Sample 
Percent Mortality 

(Mean ± SD) 
Mortality Percent Difference 

from Control 

Control 1.3 ± 2.3 -- 
WETSED-1 100 ± 0.0 98.7 
WETSED-2 13.8 ± 11.6 12.5 
WETSED-3 3.8 ± 4.4 2.5 

1Criteria for one-hit failure is significant decrease in mortality (p<0.05), and mortality greater than 25% of control 
(RSET 2009), 2Criteria for two-hit failure is significant decrease in mortality (p<0.05), and mortality greater than 10% 
of control (RSET 2009) 

4.3 QA/QC 

The H. azteca were received in good condition and the toxicity tests with this species met the 
control acceptability criterion (<20 percent mortality).  A summary of the water quality 
parameters is provided in Table 10. All water quality parameters remained within acceptable 
ranges throughout the tests. Instead of the 10 animals per replicate required by the protocol, 20 
animals were added to each replicate. As the controls still met acceptability criteria and water 
quality stayed within ranges for the test, this deviation is not expected to have affected the 
results. There were no other deviations from the protocol. 
 
Table 9 Summary of water quality parameters for H. azteca analyses (means and 

ranges). Required values are shown in brackets. 

Analyte Control WETSED-1 WETSED-2 WETSED-3 
 Mean  

(Min-Max) 
Temp. (°C)   
[23 ± 1°C] 

22.3 
(21.9-23.4) 

22.2 
(21.9-23.3) 

22.2 
(21.9-23.3) 

22.2 
(21.8-23.2) 

DO (mg/L) 
[>2.5 mg/L] 

7.0 
(5.8-8.4) 

6.3 
(5.4-7.3) 

6.4 
(5.4-7.2) 

6.5 
(5.6-7.3) 

pH 
[6-9] 

7.26 
(6.50-7.79) 

6.83 
(6.22-7.20) 

6.83 
(6.35-7.18) 

7.01 
(6.63-7.37) 

Cond. (μS/cm) 
[NA] 

172 
(145-189) 

188 
(164-262) 

283 
(190-418) 

223 
(159-343) 

Alkalinity (mg/L CaCO3) 
[<50% variable] 

52 
(44-60) 

67 
(60-72) 

75 
(64-80) 

72 
(68-76) 

Hardness  (mg/L CaCO3) 
[<50% variable] 

69 
(60-76) 

129 
(124-132) 

199 
(192-204) 

180 
(172-188) 

Total Overlying NH3 
(mg/L) [<50% variable] 

1.0a

(<1.0-<1.0) 
1.0a

(<1.0-1.0) 
1.0a

(<1.0-<1.0) 
1.0a

(<1.0-<1.0) 
Total Overlying Sulfides 
(mg/L) [<50% variable] 

0.091a

(<0.010-0.125) 
0.114 

(0.014-0.293) 
0.058 

(0.012-0.126) 
0.091a

(<0.010-0.107) 
aestimated value 
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The result of the reference toxicant test conducted in conjunction with this testing program is 
provided in Table 10.  Bench sheets and control charts are provided in Appendix E.  This test 
was run with the same batch of organisms used in the testing program.  The result of this test 
fell within the range of mean ± two standard deviations of historical results, indicating that the 
sensitivity of the test organisms was appropriate. 
 

Table 10 H. Azteca reference toxicant test results. 

Species Test date Toxicant LC50 Acceptable 
Range  

CV 
(%) 

Hyalella azteca June 2, 2011 Cu 188 μg/L 0 – 1360 μg/L 74.6 

 
 
4.4 Discussion 
Mortality in the samples ranged from 3.8 to 100 percent, compared with 1.3 percent in the 
control.  Sediment samples WETSED-1 and WETSED-2 were significantly different from control 
and were more than 10 percent higher than the control, failing the two-hit criterion for survival. 
WETSED-1 was more than 25 percent higher than the control, failing the one-hit criterion for 
survival.   
 
5.0 MICROTOX® TEST 
 
5.1 Methods 
The luminescent marine bacterium Vibrio fischeri was used as the test organism for the Microtox 
test.  The bacteria were exposed to porewater extracted from sediment samples and light 
readings were measured after 5 and 15 minutes of exposure.  Test equipment included the 
Microtox Model 500 Analyzer, which measures light output and is equipped with a 15ºC 
chamber to maintain test temperature in the samples and a 4ºC chamber to keep the rehydrated 
bacteria chilled.   
 
Vials of freeze-dried bacteria (Microtox® Acute Reagent Lot #s 10K1032, expiration date 
10/2012) were obtained from Strategic Diagnostics, Inc. and stored at -20°C until use.  On the 
day of the test, a vial was rehydrated with 1.0 ml of Microtox Reconstitution Solution, mixed 
thoroughly, and allowed to equilibrate for 30 minutes at 4°C.  The bacteria were used within 2 
hours of rehydration. 
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The tests were conducted in accordance with Ecology (2008) test protocol; these methods are 
summarized in Table 11.  Approximately 50 ml of porewater was extracted from each sample by 
centrifuging for 30 minutes at 4500 G.  Each porewater extract was adjusted to a salinity of 20 
parts per thousand (ppt) with Crystal Sea Marine Mix artificial seasalt.  The DO ranged from 7.2 
to 8.2 mg/L in the adjusted samples. Since the DO in each sample was between 50 and 100 
percent saturation (5.0 to 10.2 mg/L), the samples did not require aeration.  The pH was 
adjusted to 7.8 to 8.2 using NaOH or HCl.  None of the porewater samples were diluted below 
90 percent. The control was deionized water adjusted to 20 ppt with artificial seasalt.  Each 
porewater was tested within 3 hours of extraction. 
 
Tests were conducted using five replicates.  Disposable glass cuvettes were placed in the 
Microtox test wells and 1 ml of salinity-adjusted porewater was added.  The rehydrated bacteria 
(reagent) were thoroughly mixed and 10 μl was added to each test cuvette, with mixing after 
each addition.  After an initial incubation period of 5 minutes, the control cuvette was placed in 
the read chamber of the Microtox Analyzer to set the instrument.  Initial light readings (I0) were 
then taken by placing each cuvette in the read chamber of the Microtox Analyzer and 
measurements were recorded on a data sheet.  Light output was measured at 5 minutes (I5) and 
15 minutes (I15) of exposure after the initial light reading (I0).   
 
Test acceptability criteria were final mean control light output greater than or equal to 72 
percent of initial control mean output, and test mean output not greater than 110 percent of 
control mean output.  The data were evaluated statistically by conducting one-tailed t-tests or 
Mann-Whitney U-tests on the change in output over time for test sediment porewaters 
compared to the control porewater (where light output was lower than the control).  Sediment 
performance was evaluated against sediment acceptability criteria outlined by the Northwest 
Regional Sediment Evaluation Framework (RSET 2009), as presented in Table 1.  
 
A reference toxicant test using phenol was conducted in conjunction with the sediment tests to 
ensure that the sensitivity of the test was within the acceptable range of historical values 
determined in this laboratory. 
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Table 11 Summary of methods for the Microtox test. 

Test dates June 6, 2011 
Test organism source Strategic Diagnostics 
Batch number and expiration date Lot#10K1032, Expiration 10/2012  
Control Saltwater (20 ppt) prepared with Crystal Sea artificial seasalt 
Sample preparation Centrifugation at 4500 G for 30 minutes; salinity adjustment to 

20 ppt using Crystal Sea salt; pH adjustment to 7.8-8.2 ppt; DO 
5.0 to 10.2 mg/L 

Test chamber Glass cuvette 
Test volume 1 mL 
Volume of inoculum/replicate 10 μL 
Number of replicates/sample 5 
Test temperature 15 ± 1ºC 
Aeration None 
Reference toxicant Phenol 

Final control light output ≥72% initial; test output ≤110% 
control 

Acceptability criteria 

 
5.2 Results 
The results of toxicity tests conducted using Microtox are provided in Table 12.  Statistics were 
conducted using Biostat software, which follows the flowchart recommended by RSET. 
Comparisons are shown to the control. A detailed summary of results is provided in Appendix 
A. Summary and detailed statistical analyses for endpoint measurements are provided in 
Appendix B. Summaries of water quality data are provided in Appendix C. Benchsheets are 
provided in Appendix D. 
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Table 12 Results of Microtox tests.  Samples with statistically reduced luminescence 
are underlined, and values failing two-hit RSET criteria are shaded gray, 
while samples failing one-hit RSET criteria are bold.1, 2

Sample 5 minute reading 15 minute reading

 
Mean % of initial 

light output 

Significantly 
different relative 

to the control 

Mean % of initial 
light output 

Significantly 
different relative to 

the control 
Control 96 ± 3 -- 84 ± 3 -- 
WETSED-1 68 ± 4 Yes 17 ± 1 Yes 
WETSED-2 72 ± 1 Yes 25 ± 1 Yes 
WETSED-3 81 ± 1 Yes 35 ± 2 Yes 
1Criteria for one-hit failure is luminescence less than 75% of control luminescence and significant difference (RSET 
2009); 2Criteria for two-hit failure is luminescence less than 85% of control luminescence and significant difference 
(RSET 2009) 
 

5.3 QA/QC 
A summary of the water quality parameters for the Microtox tests is provided in Table 13. The 
Microtox tests met control acceptance criteria and there were no deviations from protocol.  
 

Table 13 Summary of sites water quality parameters for Microtox analyses  

Analyte Mean 
(st.dev) Minimum Maximum Number of 

Readings 
Met 

Requirements 
Initial Salinity (ppt) 1.1 (0.3) 0.8 1.3 3 N/A 
Final Salinity (ppt) 19.9 (0.4) 19.5 20.2 3 Y 
Initial DO (mg/L) 7.3 (0.2) 7.2 7.5 3 N/A 
Final DO (mg/L) 7.3 (0.2) 7.2 7.5 3 Y 
Initial pH 7.5 (0.4) 7.2 7.9 3 N/A 
Final pH 7.9 (0.02) 7.9 7.9 3 Y 
Final Concentration (%) 99.9 (0.0) 99.0 100 3 Y 
Total NH3 (mg/L) 2.0 (1.0)1 <1.0 2.7 3 N/A 
1estimated value 

 
Results of the reference toxicant test conducted in conjunction with this testing program are 
provided in Table 14.  Bench sheets and control charts are provided in Appendix E. The test was 
run with the same batch of organisms used in the testing program. The results of this test fell 
within the range of mean ± two standard deviations of historical results, indicating that the 
sensitivity of the test organisms was appropriate. 
 

Washington Laboratory 

  



Toxicity Evaluation of Test America Sediments 
June 2011 

 

Nautilus Environmental                                                    15

Table 14 Microtox reference toxicant test results. 

Species Test date Toxicant EC50 
Acceptable 
Range  
(mean ±  2 S.D.) 

CV 
(%) 

Microtox June 6, 2011 Phenol 5 min: 19.6 mg/L 
15 min: 40.9 mg/L 

5 min:  
24.2 – 55.1 
15 min: 
31.0 – 92.2 

 
19.5 
 
24.8 

5.4 Discussion 
Change in light output in the samples at 15 minutes ranged from 17 to 35 percent, compared 
with 84 percent in the controls.  Samples WETSED1, WETSED2, and WETSED3 were all 
significantly different from the controls and had luminescence less than 75% of controls, failing 
the one-hit criteria for luminescence.   
 
6.0 CONCLUSIONS 
 
WETSED-1 failed the one-hit criterion for H. azteca survival and the one-hit criterion for 
Microtox luminescence, but did not have a hit in the C. dilutus survival or growth criterion 
(RSET 2009).  WETSED-2 failed the two-hit criterion for C. dilutus and H. azteca survival, and 
failed the one-hit criterion for Microtox luminescence (RSET 2009).  WETSED-3 failed the one-
hit criterion for C. dilutus survival and Microtox luminescence (RSET 2009).   
 
Table 15 One-hit/Two-hit criteria summary results table 

Site 
C. dilutus 
Survival 

C. dilutus 
Growth 

H. azteca 
Survival 

Microtox 
Luminescence 

WETSED-1 None None One-hit One-hit 
WETSED-2 Two-hit None Two-hit One-hit 
WETSED-3 One-hit None None One-hit 
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APPENDIX A – Results Summaries 
 

 

  



aNumber of pupae and flies
bAFDW = Ash-Free Dry Weight. Weights are for larvae only, not pupated animals
c One-tailed t-test. Survival data arcsine square-root transformed prior to analysis. Growth data either square root or log transformed prior to analysis Alpha = 0.05

Mean St AFDW per Mean AFDW St
Site Replicate Rnd. No. # Alive # Pupateda % Mortality % Mortality Dev Org (mg) per Org (mg) Dev Survival Growth

1 9 10 0 16.7 0.83
2 6 12 0 0.0 0.87
3 15 11 0 8.3 0.86
4 11 12 0 0.0 0.93
5 5 10 0 16.7 1.02
6 16 12 0 0.0 1.00
7 14 12 0 0.0 1.04
8 3 11 0 8.3 0.72
1 1 12 0 0.0 1.00
2 2 12 0 0.0 0.76
3 10 10 0 16.7 0.43
4 8 7 0 41.7 1.06
5 12 12 0 0.0 1.58
6 4 9 0 25.0 1.77
7 7 5 0 58.3 0.83
8 13 9 0 25.0 1.48
1 1 9 0 25.0 0.95
2 2 10 0 16.7 0.66
3 10 9 0 25.0 1.10
4 8 10 0 16.7 0.66
5 12 8 0 33.3 1.26
6 4 12 0 0.0 0.78
7 7 7 0 41.7 0.74
8 13 8 0 33.3 0.81
1 1 4 0 66.7 1.63
2 2 9 0 25.0 0.61
3 10 1 0 91.7 0.14
4 8 0 0 100.0 0.00
5 12 0 0 100.0 0.00
6 4 5 0 58.3 0.49
7 7 8 0 33.3 0.94
8 13 8 0 33.3 1.01

0.22 Yes No

WETSED-3 63.5 31.2 0.60 0.57 Yes No

WETSED-2 24.0 12.9 0.87

NoWETSED-1 20.8

--  --

21.4 1.11 No

0.11

0.46

Appendix A-1.  20-Day Solid Phase Chironomous dilutus  Survival & Growth
Test America Sediment Characterization

 
Test Initiation: June 9, 2011

Shaded values fail RSET one-hit criteria (Test sediment mortality - Control sediment mortality >25% and significantly different; Test sediment Growth/Control sediment 
Growth <0.7 and significantly different)

Significant Decrease 
Compared to Control c

Control 7.4 0.916.3



# Mean 

Site Rep Alive % Mortality St. Dev.
1 20 0
2 20 0
3 20 0
4 19 5
5 20 0
6 20 0
7 19 5
8 20 0
1 0 100
2 0 100
3 0 100
4 0 100
5 0 100
6 0 100
7 0 100
8 0 100
1 18 10
2 19 5
3 19 5
4 16 20
5 14 30
6 14 30
7 20 0
8 18 10
1 20 0
2 19 5
3 18 10
4 18 10
5 19 5
6 20 0
7 20 0
8 20 0

a One-tailed t-test. Survival data arcsine square-root transformed prior to analysis. Alpha = 0.05
Shaded values fail RSET one-hit criteria (Test sediment mortality - Control sediment mortality >25% and significantly different)
Bold values fail RSET two-hit criteria (Test sediment mortality - Control sediment mortality >10% and significantly different)

WETSED-3 3.8 4.4 No

WETSED-2 13.8 11.6 Yes

WETSED-1 100.0 0.0 Yes

Appendix Table A-2. Hyalella azteca 10-day Survival
Test America Sediment Characterization

Test Initiation: June 7, 2011

Control 1.3 2.3 --

% Mortality

Significant 
Decrease 

Compared to 
Controla

 



Site
Reading 1 2 3 4 5 Mean St.Dev. Fc(mean)/Ic(mean) I(0)T(mean)/I(0)C(mean)

I(0) 96 100 104 102 98 100 3.16

I(5) 90 100 98 96 94 96 3.85 0.96
I(15) 82 80 85 85 87 84 2.77 0.84

C(5) 0.94 1.00 0.94 0.94 0.96 0.96 0.03
C(15) 0.85 0.80 0.82 0.83 0.89 0.84 0.03

I(0) 80 75 75 80 77 77 2.51 0.77

I(5) 58 49 54 51 53 53 3.39
I(15) 13 13 12 13 14 13 0.71

T(5) 0.73 0.65 0.72 0.64 0.69 0.68 0.04 0.72
T(15) 0.16 0.17 0.16 0.16 0.18 0.17 0.01 0.20

I(0) 81 84 74 78 79 79 3.70 0.79

I(5) 57 59 54 56 57 57 1.82
I(15) 19 21 19 19 21 20 1.10

T(5) 0.70 0.70 0.73 0.72 0.72 0.72 0.01 0.75
T(15) 0.23 0.25 0.26 0.24 0.27 0.25 0.01 0.30

I(0) 74 78 77 77 75 76 1.64 0.76

I(5) 59 64 63 63 60 62 2.17
I(15) 25 26 29 29 26 27 1.87

T(5) 0.80 0.82 0.82 0.82 0.80 0.81 0.01 0.85
T(15) 0.34 0.33 0.38 0.38 0.35 0.35 0.02 0.42

I(0) is the light reading after the initial five minute incubation period
I(5) is the light reading five minutes after I (0) 

I(15) is the light reading fifteen minutes after I (0)

C(t), R(t),  and T(t) are the changes in light readings from the intial reading in each sample container for the control, reference sediment 

Appendix Table A-3.  Microtox 100 Percent Sediment Porewater Test
Test AmericaSediment Characterization

Test Date: 6/6/2011

Change in 
control light 

readings 
compared to 
initial control

Evaluation of 
initial light 

output in site 
sediments

Client: Test America

T(mean)/  
C(mean)

Replicate

Light Reading

Quality Control Steps

CON 

WETSED-1

WETSED-2

WETSED-3
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Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID:  WETSED-1 Ref ID:  Control

Alias: Chironomid Growth Alias: Chironomid Growth
Replicates: 8 Replicates: 8

Mean: 1.114 Mean: 0.909
SD: 0.458 SD: 0.11

Tr Mean: 0.316 Tr Mean: 0.28
Trans SD: 0.096 Trans SD: 0.025

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.075 Statistic: Approximate t
Residual SD: 0.061 Test Residual SD: 0.053 Balanced Design: Yes

SS: 0.07 Ref. Residual Mean: 0.02 Transformation: Log10 (x + 1.0)
K: 8 Ref. Residual SD: 0.013
b: 0.258 Deg. of Freedom: 14

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2

Calculated Value: 0.9586 Calculated Value: 2.8368 Alternate: x1 < x2
Critical Value: <= 0.887 Critical Value: >= 1.761

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: No Experimental Alpha Level: 0.05

Calculated Value: -1.0133
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 1 0.301 0.83 0.262 0.015 0.018   -0.161
2 0.76 0.246 0.87 0.272 0.07 0.008   -0.07
3 0.43 0.155 0.86 0.27 0.161 0.011   -0.053
4 1.06 0.314 0.93 0.286 0.002 0.005   -0.045
5 1.58 0.412 1.02 0.305 0.096 0.025   -0.018
6 1.77 0.442 1 0.301 0.127 0.021   -0.015
7 0.83 0.262 1.04 0.31 0.053 0.03   -0.011
8 1.48 0.394 0.72 0.236 0.079 0.045   -0.008
9     -0.002

10     0.005
11   0.021
12   0.025
13   0.03
14   0.079
15   0.096
16   0.127



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID:  WETSED-1 Ref ID:  Control

Alias: Chironomid Mortality Alias: Chironomid Mortality
Replicates: 8 Replicates: 8

Mean: 20.838 Mean: 6.25
SD: 21.358 SD: 7.397

Tr Mean: 21.765 Tr Mean: 10.216
Trans SD: 19.595 Trans SD: 11.272

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 16.324 Statistic: Approximate t
Residual SD: 13.721 Test Residual SD: 8.912 Balanced Design: Yes

SS: 3577.056 Ref. Residual Mean: 10.216 Transformation: ArcSin
K: 8 Ref. Residual SD: 2.788
b: 57.669 Deg. of Freedom: 14

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 <= x2

Calculated Value: 0.9297 Calculated Value: 1.85 Alternate: x1 > x2
Critical Value: <= 0.887 Critical Value: >= 1.761

Normally     Variances        Degrees of Freedom: 11
Distributed: Yes Homogeneous: No Experimental Alpha Level: 0.05

Calculated Value: 1.445
Override Option: N/A Critical Value: >= 1.796

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 0 0 16.7 24.12 21.765 13.904   -21.765
2 0 0 0 0 21.765 10.216   -21.765
3 16.7 24.12 8.3 16.744 2.355 6.528   -21.765
4 41.7 40.222 0 0 18.457 10.216   -10.216
5 0 0 16.7 24.12 21.765 13.904   -10.216
6 25 30 0 0 8.235 10.216   -10.216
7 58.3 49.778 0 0 28.013 10.216   -10.216
8 25 30 8.3 16.744 8.235 6.528   2.355
9     6.528

10     6.528
11   8.235
12   8.235
13   13.904
14   13.904
15   18.457
16   28.013



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID: WETSED1 Ref ID:  Control

Alias: Hyalella Mortality Alias: Hyalella Mortality
Replicates: 8 Replicates: 8

Mean: 100 Mean: 1.25
SD: 0 SD: 2.315

Tr Mean: 0.76 Tr Mean: -0.76
Trans SD: 0 Trans SD: 0.373

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: Test Residual Mean: 0 Statistic: Approximate t
Residual SD: Test Residual SD: 0 Balanced Design: Yes

SS: Ref. Residual Mean: 0.302 Transformation: Rankits
K: Ref. Residual SD: 0.187
b: Deg. of Freedom: 14

Experimental Hypothesis
Alpha Level: N/A Alpha Level: 0.1 Null: x1 <= x2

Calculated Value: N/A Calculated Value: 4.5826 Alternate: x1 > x2
Critical Value: N/A Critical Value: >= 1.761

Normally     Variances        Degrees of Freedom: 7
Distributed: N/A Homogeneous: No Experimental Alpha Level: 0.05

Calculated Value: 11.5223
Override Option: Not Invoked Critical Value: >= 1.895

Accept Null Hypothesis: No       

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 100 0.76 0 -0.962 0 0.202  -0.962  
2 100 0.76 0 -0.962 0 0.202  -0.962  
3 100 0.76 0 -0.962 0 0.202  -0.962  
4 100 0.76 5 -0.156 0 0.605  -0.962  
5 100 0.76 0 -0.962 0 0.202  -0.962  
6 100 0.76 0 -0.962 0 0.202  -0.962  
7 100 0.76 5 -0.156 0 0.605  -0.156  
8 100 0.76 0 -0.962 0 0.202  -0.156  
9    0.76  

10    0.76  
11  0.76  
12  0.76  
13  0.76  
14  0.76  
15  0.76  
16  0.76  



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID: WETSED-1 Ref ID:  Control

Alias: Luminescence Alias: Luminescence
Replicates: 5 Replicates: 5

Mean: 0.686 Mean: 0.956
SD: 0.04 SD: 0.026

Tr Mean: 4.749 Tr Mean: 5.611
Trans SD: 0.14 Trans SD: 0.076

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.114 Statistic: Student's t
Residual SD: 0.073 Test Residual SD: 0.058 Balanced Design: Yes

SS: 0.102 Ref. Residual Mean: 0.056 Transformation: ArcSin
K: 5 Ref. Residual SD: 0.043
b: 0.308 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2

Calculated Value: 0.9312 Calculated Value: 1.7951 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 12.0584
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: No       

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 0.73 4.901 0.94 5.564 0.152 0.047   -0.161
2 0.65 4.624 1 5.739 0.125 0.129   -0.125
3 0.72 4.868 0.94 5.564 0.118 0.047   -0.047
4 0.64 4.589 0.94 5.564 0.161 0.047   -0.047
5 0.69 4.765 0.96 5.623 0.016 0.012   -0.047
6     0.012
7     0.016
8     0.118
9     0.129

10     0.152



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID: WETSED-1 Ref ID:  Control

Alias: Luminescence 15 Alias: Luminescence 15
Replicates: 5 Replicates: 5

Mean: 0.166 Mean: 0.838
SD: 0.009 SD: 0.034

Tr Mean: 2.334 Tr Mean: 5.251
Trans SD: 0.062 Trans SD: 0.107

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.05 Statistic: Student's t
Residual SD: 0.057 Test Residual SD: 0.027 Balanced Design: Yes

SS: 0.061 Ref. Residual Mean: 0.08 Transformation: ArcSin
K: 5 Ref. Residual SD: 0.059
b: 0.239 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2

Calculated Value: 0.9289 Calculated Value: 1.0345 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 52.6779
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: No       

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 0.16 2.292 0.85 5.29 0.042 0.038   -0.12
2 0.17 2.363 0.8 5.132 0.029 0.12   -0.056
3 0.16 2.292 0.82 5.195 0.042 0.056   -0.042
4 0.16 2.292 0.83 5.227 0.042 0.024   -0.042
5 0.18 2.432 0.89 5.413 0.097 0.162   -0.042
6     -0.024
7     0.029
8     0.038
9     0.097

10     0.162



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID:  WETSED-2 Ref ID:  Control

Alias: Chironomid Growth Alias: Chironomid Growth
Replicates: 8 Replicates: 8

Mean: 0.87 Mean: 0.909
SD: 0.217 SD: 0.11

Tr Mean: 0.269 Tr Mean: 0.28
Trans SD: 0.049 Trans SD: 0.025

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.04 Statistic: Approximate t
Residual SD: 0.033 Test Residual SD: 0.024 Balanced Design: Yes

SS: 0.021 Ref. Residual Mean: 0.02 Transformation: Log10 (x + 1.0)
K: 8 Ref. Residual SD: 0.013
b: 0.141 Deg. of Freedom: 14

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2

Calculated Value: 0.9478 Calculated Value: 1.9909 Alternate: x1 < x2
Critical Value: <= 0.887 Critical Value: >= 1.761

Normally     Variances        Degrees of Freedom: 11
Distributed: Yes Homogeneous: No Experimental Alpha Level: 0.05

Calculated Value: 0.5526
Override Option: N/A Critical Value: >= 1.796

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 0.95 0.29 0.83 0.262 0.021 0.018   -0.049
2 0.66 0.22 0.87 0.272 0.049 0.008   -0.049
3 1.1 0.322 0.86 0.27 0.053 0.011   -0.045
4 0.66 0.22 0.93 0.286 0.049 0.005   -0.029
5 1.26 0.354 1.02 0.305 0.085 0.025   -0.019
6 0.78 0.25 1 0.301 0.019 0.021   -0.018
7 0.74 0.241 1.04 0.31 0.029 0.03   -0.012
8 0.81 0.258 0.72 0.236 0.012 0.045   -0.011
9     -0.008

10     0.005
11   0.021
12   0.021
13   0.025
14   0.03
15   0.053
16   0.085



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID:  WETSED-2 Ref ID:  Control

Alias: Chironomid Mortality Alias: Chironomid Mortality
Replicates: 8 Replicates: 8

Mean: 23.963 Mean: 6.25
SD: 12.933 SD: 7.397

Tr Mean: 27.369 Tr Mean: 10.216
Trans SD: 12.382 Trans SD: 11.272

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 8.466 Statistic: Student's t
Residual SD: 10.163 Test Residual SD: 8.45 Balanced Design: Yes

SS: 1962.613 Ref. Residual Mean: 10.216 Transformation: ArcSin
K: 8 Ref. Residual SD: 2.788
b: 42.307 Deg. of Freedom: 14

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 <= x2

Calculated Value: 0.912 Calculated Value: 0.5562 Alternate: x1 > x2
Critical Value: <= 0.887 Critical Value: >= 1.761

Normally     Variances        Degrees of Freedom: 14
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 2.8974
Override Option: N/A Critical Value: >= 1.761

Accept Null Hypothesis: No       

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 25 30 16.7 24.12 2.631 13.904   -27.369
2 16.7 24.12 0 0 3.248 10.216   -10.216
3 25 30 8.3 16.744 2.631 6.528   -10.216
4 16.7 24.12 0 0 3.248 10.216   -10.216
5 33.3 35.244 16.7 24.12 7.875 13.904   -10.216
6 0 0 0 0 27.369 10.216   -3.248
7 41.7 40.222 0 0 12.853 10.216   -3.248
8 33.3 35.244 8.3 16.744 7.875 6.528   2.631
9     2.631

10     6.528
11   6.528
12   7.875
13   7.875
14   12.853
15   13.904
16   13.904



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID: WETSED2 Ref ID:  Control

Alias: Hyalella Mortality Alias: Hyalella Mortality
Replicates: 8 Replicates: 8

Mean: 13.75 Mean: 1.25
SD: 11.573 SD: 2.315

Tr Mean: 19.462 Tr Mean: 3.23
Trans SD: 11.307 Trans SD: 5.981

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 8.65 Statistic: Student's t
Residual SD: 7.764 Test Residual SD: 6.507 Balanced Design: Yes

SS: 1145.389 Ref. Residual Mean: 4.845 Transformation: ArcSin
K: 8 Ref. Residual SD: 2.991
b: 31.911 Deg. of Freedom: 14

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 <= x2

Calculated Value: 0.8891 Calculated Value: 1.5026 Alternate: x1 > x2
Critical Value: <= 0.887 Critical Value: >= 1.761

Normally     Variances        Degrees of Freedom: 14
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 3.5891
Override Option: N/A Critical Value: >= 1.761

Accept Null Hypothesis: No       

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 10 18.435 0 0 1.027 3.23   -19.462
2 5 12.921 0 0 6.541 3.23   -6.541
3 5 12.921 0 0 6.541 3.23   -6.541
4 20 26.565 5 12.921 7.103 9.691   -3.23
5 30 33.211 0 0 13.749 3.23   -3.23
6 30 33.211 0 0 13.749 3.23   -3.23
7 0 0 5 12.921 19.462 9.691   -3.23
8 10 18.435 0 0 1.027 3.23   -3.23
9     -3.23

10     -1.027
11   -1.027
12   7.103
13   9.691
14   9.691
15   13.749
16   13.749



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID: WETSED-2 Ref ID:  Control

Alias: Luminescence 5 Alias: Luminescence 5
Replicates: 5 Replicates: 5

Mean: 0.714 Mean: 0.956
SD: 0.013 SD: 0.026

Tr Mean: N/A Tr Mean: N/A
Trans SD: N/A Trans SD: N/A         

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.038 Statistic: Mann-Whitney
Residual SD: 0.041 Test Residual SD: 0.016 Balanced Design: Yes

SS: 0.032 Ref. Residual Mean: 0.056 Transformation: rank-order
K: 5 Ref. Residual SD: 0.043
b: 0.16 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2

Calculated Value: 0.8075 Calculated Value: 0.8791 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Mann-Whitney N1: 5
Mann-Whitney N2: 5

Normally     Variances        Degrees of Freedom: 
Distributed: No Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 25
Override Option: Not Invoked Critical Value: >= 21.000

Accept Null Hypothesis: No       

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 0.7 1.5 0.94 7 0.048 0.047 1.5  -0.048
2 0.7 1.5 1 10 0.048 0.129 1.5  -0.048
3 0.73 5 0.94 7 0.054 0.047 3.5  -0.047
4 0.72 3.5 0.94 7 0.021 0.047 3.5  -0.047
5 0.72 3.5 0.96 9 0.021 0.012 5  -0.047
6   7  0.012
7   7  0.021
8   7  0.021
9   9  0.054

10   10  0.129



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID: WETSED-2 Ref ID:  Control

Alias: Luminescence 15 Alias: Luminescence 15
Replicates: 5 Replicates: 5

Mean: 0.25 Mean: 0.838
SD: 0.016 SD: 0.034

Tr Mean: 2.865 Tr Mean: 5.251
Trans SD: 0.091 Trans SD: 0.107

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.069 Statistic: Student's t
Residual SD: 0.064 Test Residual SD: 0.048 Balanced Design: Yes

SS: 0.079 Ref. Residual Mean: 0.08 Transformation: ArcSin
K: 5 Ref. Residual SD: 0.059
b: 0.274 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2

Calculated Value: 0.9565 Calculated Value: 0.326 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 38.0359
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: No       

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 0.23 2.749 0.85 5.29 0.116 0.038   -0.12
2 0.25 2.866 0.8 5.132 0.001 0.12   -0.116
3 0.26 2.923 0.82 5.195 0.058 0.056   -0.057
4 0.24 2.808 0.83 5.227 0.057 0.024   -0.056
5 0.27 2.979 0.89 5.413 0.114 0.162   -0.024
6     0.001
7     0.038
8     0.058
9     0.114

10     0.162



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID:  WETSED-3 Ref ID:  Control

Alias: Chironomid Growth Alias: Chironomid Growth
Replicates: 8 Replicates: 8

Mean: 0.603 Mean: 0.909
SD: 0.572 SD: 0.11

Tr Mean: 0.181 Tr Mean: 0.28
Trans SD: 0.154 Trans SD: 0.025

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.123 Statistic: Approximate t
Residual SD: 0.094 Test Residual SD: 0.079 Balanced Design: Yes

SS: 0.17 Ref. Residual Mean: 0.02 Transformation: Log10 (x + 1.0)
K: 8 Ref. Residual SD: 0.013
b: 0.397 Deg. of Freedom: 14

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2

Calculated Value: 0.9275 Calculated Value: 3.668 Alternate: x1 < x2
Critical Value: <= 0.887 Critical Value: >= 1.761

Normally     Variances        Degrees of Freedom: 7
Distributed: Yes Homogeneous: No Experimental Alpha Level: 0.05

Calculated Value: 1.8016
Override Option: N/A Critical Value: >= 1.895

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 1.63 0.42 0.83 0.262 0.239 0.018   -0.181
2 0.61 0.207 0.87 0.272 0.026 0.008   -0.181
3 0.14 0.057 0.86 0.27 0.124 0.011   -0.124
4 0 0 0.93 0.286 0.181 0.005   -0.045
5 0 0 1.02 0.305 0.181 0.025   -0.018
6 0.49 0.173 1 0.301 0.008 0.021   -0.011
7 0.94 0.288 1.04 0.31 0.107 0.03   -0.008
8 1.01 0.303 0.72 0.236 0.122 0.045   -0.008
9     0.005

10     0.021
11   0.025
12   0.026
13   0.03
14   0.107
15   0.122
16   0.239



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID:  WETSED-3 Ref ID:  Control

Alias: Chironomid Mortality Alias: Chironomid Mortality
Replicates: 8 Replicates: 8

Mean: 63.538 Mean: 6.25
SD: 31.175 SD: 7.397

Tr Mean: 63.432 Tr Mean: 10.216
Trans SD: 34.433 Trans SD: 11.272

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 28.035 Statistic: Approximate t
Residual SD: 21.992 Test Residual SD: 16.953 Balanced Design: Yes

SS: 9188.96 Ref. Residual Mean: 10.216 Transformation: ArcSin
K: 8 Ref. Residual SD: 2.788
b: 90.436 Deg. of Freedom: 14

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 <= x2

Calculated Value: 0.89 Calculated Value: 2.9335 Alternate: x1 > x2
Critical Value: <= 0.887 Critical Value: >= 1.761

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: No Experimental Alpha Level: 0.05

Calculated Value: 4.1544
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: No       

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 66.7 54.756 16.7 24.12 8.677 13.904   -33.433
2 25 30 0 0 33.433 10.216   -28.188
3 91.7 73.256 8.3 16.744 9.823 6.528   -28.188
4 100 114.591 0 0 51.159 10.216   -13.655
5 100 114.591 16.7 24.12 51.159 13.904   -10.216
6 58.3 49.778 0 0 13.655 10.216   -10.216
7 33.3 35.244 0 0 28.188 10.216   -10.216
8 33.3 35.244 8.3 16.744 28.188 6.528   -10.216
9     -8.677

10     6.528
11   6.528
12   9.823
13   13.904
14   13.904
15   51.159
16   51.159



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID: WETSED3 Ref ID:  Control

Alias: Hyalella Mortality Alias: Hyalella Mortality
Replicates: 8 Replicates: 8

Mean: 3.75 Mean: 1.25
SD: 4.432 SD: 2.315

Tr Mean: 0.263 Tr Mean: -0.263
Trans SD: 0.953 Trans SD: 0.582

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: Test Residual Mean: 0.84 Statistic: Approximate t
Residual SD: Test Residual SD: 0.32 Balanced Design: Yes

SS: Ref. Residual Mean: 0.471 Transformation: Rankits
K: Ref. Residual SD: 0.291
b: Deg. of Freedom: 14

Experimental Hypothesis
Alpha Level: N/A Alpha Level: 0.1 Null: x1 <= x2

Calculated Value: N/A Calculated Value: 2.4118 Alternate: x1 > x2
Critical Value: N/A Critical Value: >= 1.761

Normally     Variances        Degrees of Freedom: 12
Distributed: N/A Homogeneous: No Experimental Alpha Level: 0.05

Calculated Value: 1.3315
Override Option: Not Invoked Critical Value: >= 1.782

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 0 -0.577 0 -0.577 0.84 0.314  -0.577  
2 5 0.68 0 -0.577 0.417 0.314  -0.577  
3 10 1.526 0 -0.577 1.263 0.314  -0.577  
4 10 1.526 5 0.68 1.263 0.943  -0.577  
5 5 0.68 0 -0.577 0.417 0.314  -0.577  
6 0 -0.577 0 -0.577 0.84 0.314  -0.577  
7 0 -0.577 5 0.68 0.84 0.943  -0.577  
8 0 -0.577 0 -0.577 0.84 0.314  -0.577  
9    -0.577  

10    -0.577  
11  0.68  
12  0.68  
13  0.68  
14  0.68  
15  1.526  
16  1.526  



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID: WETSED-3 Ref ID:  Control

Alias: Luminescence 5 Alias: Luminescence 5
Replicates: 5 Replicates: 5

Mean: 0.812 Mean: 0.956
SD: 0.011 SD: 0.026

Tr Mean: N/A Tr Mean: N/A
Trans SD: N/A Trans SD: N/A         

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.031 Statistic: Mann-Whitney
Residual SD: 0.038 Test Residual SD: 0.007 Balanced Design: Yes

SS: 0.028 Ref. Residual Mean: 0.056 Transformation: rank-order
K: 5 Ref. Residual SD: 0.043
b: 0.15 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2

Calculated Value: 0.7975 Calculated Value: 1.3107 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Mann-Whitney N1: 5
Mann-Whitney N2: 5

Normally     Variances        Degrees of Freedom: 
Distributed: No Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 25
Override Option: Not Invoked Critical Value: >= 21.000

Accept Null Hypothesis: No       

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 0.8 1.5 0.94 7 0.038 0.047 1.5  -0.047
2 0.82 4 1 10 0.026 0.129 1.5  -0.047
3 0.82 4 0.94 7 0.026 0.047 4  -0.047
4 0.82 4 0.94 7 0.026 0.047 4  -0.038
5 0.8 1.5 0.96 9 0.038 0.012 4  -0.038
6   7  0.012
7   7  0.026
8   7  0.026
9   9  0.026

10   10  0.129



Project Name: Test America              

Sample: x1 Ref Samp: x2
Samp ID: WETSED-3 Ref ID:  Control

Alias: Luminescence 15 Alias: Luminescence 15
Replicates: 5 Replicates: 5

Mean: 0.356 Mean: 0.838
SD: 0.023 SD: 0.034

Tr Mean: 3.419 Tr Mean: 5.251
Trans SD: 0.111 Trans SD: 0.107

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.092 Statistic: Student's t
Residual SD: 0.071 Test Residual SD: 0.041 Balanced Design: Yes

SS: 0.095 Ref. Residual Mean: 0.08 Transformation: ArcSin
K: 5 Ref. Residual SD: 0.059
b: 0.295 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2

Calculated Value: 0.92 Calculated Value: 0.3728 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 26.6272
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: No       

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals

1 0.34 3.343 0.85 5.29 0.076 0.038   -0.126
2 0.33 3.293 0.8 5.132 0.126 0.12   -0.12
3 0.38 3.534 0.82 5.195 0.115 0.056   -0.076
4 0.38 3.534 0.83 5.227 0.115 0.024   -0.056
5 0.35 3.392 0.89 5.413 0.028 0.162   -0.028
6     -0.024
7     0.038
8     0.115
9     0.115

10     0.162



 

APPENDIX C – Water Quality Summaries 
 

 

  



Control

Day Temp D.O. pH Conductivity
(°C)  (mg/l)  (units)  (umhos/cm)

0 21.7 8.4 6.58 150 48 80 1.1 0.058
1 22.2 6.3 6.62 127 --- --- --- ---
2 22.0 6.4 7.12 165 --- --- --- ---
3 21.9 6.0 7.31 173 --- --- --- ---
4 22.1 5.8 6.94 216 --- --- --- ---
5 22.2 5.8 7.19 188 52 80 1.7 <0.010
6 21.9 5.6 7.27 178 --- --- --- ---
7 22.0 5.0 7.11 217 --- --- --- ---
8 22.0 5.2 7.17 212 --- --- --- ---
9 22.2 6.0 7.14 195 --- --- --- ---
10 22.0 6.0 7.20 199 56 88 1.6 <0.010
11 22.2 6.0 7.28 264 --- --- --- ---
12 22.1 5.6 7.20 195 --- --- --- ---
13 22.2 3.3 7.11 202 --- --- --- ---
14 22.1 8.3 7.86 296 --- --- --- ---
15 22.1 7.9 7.67 220 60 88 1.7 <0.010
16 22.0 7.8 7.72 232 --- --- --- ---
17 21.9 9.0 7.92 276 --- --- --- ---
18 22.2 9.0 7.97 219 --- --- --- ---
19 21.9 8.9 7.83 248 --- --- --- ---
20 21.9 8.3 7.99 190 72 80 1.7 0.011

Mean 22.0 6.7 7.34 208 58 83 1.6 nc
Min 21.7 3.3 6.58 127 48 80 1.1 <0.010
Max 22.2 9.0 7.99 296 72 88 1.7 0.058

Total Sulfides 
(mg/l)

Alkalinity 
(mg/L CaCO3)

Hardness 
(mg/L CaCO3)

Appendix Table B-1.  Twenty-Day Solid-Phase Results (Chironomus tentans) 

Water Quality Data 

Initiated June 9, 2011

Test America Sediment Characterization

Total Overlying 
NH3 (mg/l)



WETSED-1

Day Temp D.O. pH Conductivity
(°C)  (mg/l)  (units)  (umhos/cm)

0 21.8 7.0 6.43 227 64 100 <1.0 0.016
1 22.2 6.1 6.68 215 --- --- --- ---
2 21.9 6.0 6.98 200 --- --- --- ---
3 21.9 5.8 7.06 186 --- --- --- ---
4 22.1 6.6 6.65 185 --- --- --- ---
5 22.1 6.5 6.97 180 64 100 1.0 0.014
6 22.0 5.6 7.09 175 --- --- --- ---
7 22.1 5.0 6.89 179 --- --- --- ---
8 22.0 5.3 7.02 180 --- --- --- ---
9 22.2 6.2 6.97 181 --- --- --- ---
10 22.2 6.0 7.00 180 68 104 1.2 <0.010
11 22.2 5.5 7.08 190 --- --- --- ---
12 22.1 5.8 7.09 184 --- --- --- ---
13 22.2 3.5 7.04 186 --- --- --- ---
14 21.9 8.1 7.68 162 --- --- --- ---
15 22.0 7.7 7.67 171 68 108 1.3 <0.010
16 22.0 7.8 7.69 178 --- --- --- ---
17 22.0 8.9 7.35 155 --- --- --- ---
18 22.1 8.9 7.89 159 --- --- --- ---
19 22.0 9.0 7.76 149 --- --- --- ---
20 21.8 8.4 7.70 153 60 80 <1.0 0.054

Mean 22.0 6.7 7.18 180 65 98 nc nc
Min 21.8 3.5 6.43 149 60 80 <1.0 <0.010
Max 22.2 9.0 7.89 227 68 108 1.3 0.054

Total Sulfides 
(mg/l)

Alkalinity 
(mg/L CaCO3)

Hardness 
(mg/L CaCO3)

Appendix Table B-1.  Twenty-Day Solid-Phase Results (Chironomus tentans) 

Water Quality Data 

Initiated June 9, 2011

Test America Sediment Characterization

Total Overlying 
NH3 (mg/l)



WETSED-2

Day Temp D.O. pH Conductivity
(°C)  (mg/l)  (units)  (umhos/cm)

0 21.9 7.2 6.46 389 68 220 <1.0 <0.010
1 22.1 6.9 6.75 413 --- --- --- ---
2 21.9 6.7 6.95 343 --- --- --- ---
3 21.8 5.9 6.98 308 --- --- --- ---
4 21.9 7.1 6.56 329 --- --- --- ---
5 22.0 6.6 6.81 283 72 220 <1.0 <0.010
6 21.8 6.1 6.94 266 --- --- --- ---
7 21.9 5.2 6.87 254 --- --- --- ---
8 21.9 5.3 6.92 257 --- --- --- ---
9 22.0 6.7 6.86 238 --- --- --- ---
10 22.0 6.0 6.90 240 68 228 1.3 <0.010
11 22.0 6.6 7.11 225 --- --- --- ---
12 22.0 6.5 7.05 214 --- --- --- ---
13 22.0 6.0 7.00 206 --- --- --- ---
14 22.0 8.4 7.74 191 --- --- --- ---
15 22.0 7.8 7.59 194 72 224 1.2 <0.010
16 22.0 7.7 7.63 195 --- --- --- ---
17 22.0 8.9 7.28 176 --- --- --- ---
18 21.9 8.9 7.80 179 --- --- --- ---
19 21.7 9.1 7.76 158 --- --- --- ---
20 21.7 8.5 7.71 161 64 84 <1.0 0.044

Mean 21.9 7.1 7.13 249 69 195 nc nc
Min 21.7 5.2 6.46 158 64 84 <1.0 <0.010
Max 22.1 9.1 7.80 413 72 228 1.3 0.044

Total Sulfides 
(mg/l)

Alkalinity 
(mg/L CaCO3)

Hardness 
(mg/L CaCO3)

Appendix Table B-1.  Twenty-Day Solid-Phase Results (Chironomus tentans) 

Water Quality Data 

Initiated June 9, 2011

Test America Sediment Characterization

Total Overlying 
NH3 (mg/l)



WETSED-3

Day Temp D.O. pH Conductivity
(°C)  (mg/l)  (units)  (umhos/cm)

0 21.9 6.3 6.80 382 84 116 <1.0 0.021
1 22.1 6.5 7.19 373 --- --- --- ---
2 21.7 6.2 7.32 340 --- --- --- ---
3 21.9 6.0 7.30 301 --- --- --- ---
4 21.9 7.0 6.95 311 --- --- --- ---
5 22.0 6.3 7.10 274 84 120 <1.0 0.019
6 21.8 5.9 7.19 252 --- --- --- ---
7 21.8 5.2 7.13 244 --- --- --- ---
8 21.9 5.3 7.15 247 --- --- --- ---
9 22.0 6.8 7.13 220 --- --- --- ---
10 22.0 6.2 7.15 244 88 136 <1.0 <0.010
11 22.0 6.8 7.32 222 --- --- --- ---
12 22.0 6.7 7.24 212 --- --- --- ---
13 22.1 5.3 7.16 210 --- --- --- ---
14 21.9 8.7 7.92 193 --- --- --- ---
15 21.9 7.9 7.70 221 88 140 <1.0 <0.010
16 22.0 7.8 7.67 219 --- --- --- ---
17 22.0 9.0 7.52 205 --- --- --- ---
18 21.9 8.9 7.99 217 --- --- --- ---
19 21.8 8.8 7.78 192 --- --- --- ---
20 21.7 8.4 7.73 196 80 100 <1.0 <0.010

Mean 21.9 7.0 7.35 251 85 122 nc nc
Min 21.7 5.2 6.80 192 80 100 <1.0 <0.010
Max 22.1 9.0 7.99 382 88 140 <1.0 0.021

Total Sulfides 
(mg/l)

Alkalinity 
(mg/L CaCO3)

Hardness 
(mg/L CaCO3)

Appendix Table B-1.  Twenty-Day Solid-Phase Results (Chironomus tentans) 

Water Quality Data 

Initiated June 9, 2011

Test America Sediment Characterization

Total Overlying 
NH3 (mg/l)



Control

Day Temp D.O. pH Conductivity
(°C)  (mg/l)  (units)  (umhos/cm)

0 23.4 8.0 6.50 145 44 60 <1.0 <0.010
1 22.8 7.1 6.79 149 --- --- --- ---
2 22.4 6.8 6.81 162 --- --- --- ---
3 22.3 7.0 7.77 189 --- --- --- ---
4 21.9 6.2 7.43 180 --- --- --- ---
5 21.9 6.8 7.51 172 52 72 <1.0 0.056
6 21.9 8.4 7.14 170 --- --- --- ---
7 22.1 7.0 7.54 176 --- --- --- ---
8 22.0 6.3 7.79 182 --- --- --- ---
9 22.1 5.8 7.21 180 --- --- --- ---
10 22.0 7.4 7.37 182 60 76 <1.0 0.125

Mean 22.3 7.0 7.26 172 52 69 nc nc
Min 21.9 5.8 6.50 145 44 60 <1.0 <0.010
Max 23.4 8.4 7.79 189 60 76 <1.0 0.125

NC = Not Calculable

WETSED-1

Day Temp D.O. pH Conductivity
(°C)  (mg/l)  (units)  (umhos/cm)

0 23.3 6.6 6.27 262 60 124 <1.0 0.014
1 22.8 6.0 6.22 232 --- --- --- ---
2 22.1 6.4 6.39 202 --- --- --- ---
3 22.3 6.1 7.20 189 --- --- --- ---
4 22.0 6.1 7.02 184 --- --- --- ---
5 21.9 6.2 7.00 174 68 132 <1.0 0.036
6 21.9 7.0 7.00 166 --- --- --- ---
7 22.1 6.3 7.05 165 --- --- --- ---
8 21.9 6.0 7.19 164 --- --- --- ---
9 21.9 5.4 6.87 165 --- --- --- ---
10 21.9 7.3 6.93 164 72 132 1.0 0.293

Mean 22.2 6.3 6.83 188 67 129 nc 0.114
Min 21.9 5.4 6.22 164 60 124 <1.0 0.014
Max 23.3 7.3 7.20 262 72 132 1.0 0.293

NC = Not Calculable

Total 
Overlying NH3 

(mg/l)

Total 
Overlying 

Sulfides (mg/l)

Alkalinity 
(mg/L CaCO3)

Hardness 
(mg/L CaCO3)

Alkalinity 
(mg/L CaCO3)

Hardness 
(mg/L CaCO3)

Total 
Overlying NH3 

Overlying 
Sulfides (mg/l)

Appendix Table B-2.  Ten-Day Solid-Phase Results (Hyalella Azteca ) 

Water Quality Data 

Initiated June 7, 2011

Test America Sediment Characterization



Appendix Table B-2.  Ten-Day Solid-Phase Results (Hyalella Azteca ) 

Water Quality Data 

Initiated June 7, 2011

Test America Sediment Characterization

WETSED-2

Day Temp D.O. pH Conductivity
(°C)  (mg/l)  (units)  (umhos/cm)

0 23.3 6.9 6.45 418 64 192 <1.0 0.012
1 22.8 6.2 6.35 402 --- --- --- ---
2 22.2 6.4 6.41 334 --- --- --- ---
3 22.3 6.4 7.18 314 --- --- --- ---
4 21.9 6.1 6.99 273 --- --- --- ---
5 21.9 6.3 6.97 277 80 200 <1.0 0.037
6 22.0 7.2 6.65 253 --- --- --- ---
7 22.1 6.8 7.02 241 --- --- --- ---
8 21.9 6.1 7.17 210 --- --- --- ---
9 22.0 5.4 6.89 201 --- --- --- ---
10 21.9 7.1 7.05 190 80 204 <1.0 0.126

Mean 22.2 6.4 6.83 283 75 199 nc 0.058
Min 21.9 5.4 6.35 190 64 192 <1.0 0.012
Max 23.3 7.2 7.18 418 80 204 <1.0 0.126

NC = Not Calculable

WETSED-3

Day Temp D.O. pH Conductivity
(°C)  (mg/l)  (units)  (umhos/cm)

0 23.2 6.6 6.64 343 68 172 <1.0 <0.010
1 22.8 6.1 6.96 288 --- --- --- ---
2 22.2 6.3 6.63 235 --- --- --- ---
3 22.3 6.4 7.37 222 --- --- --- ---
4 22.0 6.5 7.12 216 --- --- --- ---
5 21.9 6.4 7.11 214 76 180 <1.0 0.074
6 21.8 7.3 6.80 203 --- --- --- ---
7 22.1 6.9 7.14 204 --- --- --- ---
8 21.9 6.1 7.23 159 --- --- --- ---
9 22.0 5.6 6.97 187 --- --- --- ---
10 21.9 7.2 7.11 184 72 188 <1.0 0.107

Mean 22.2 6.5 7.01 223 72 180 nc nc
Min 21.8 5.6 6.63 159 68 172 <1.0 <0.010
Max 23.2 7.3 7.37 343 76 188 <1.0 0.107

NC = Not Calculable

Alkalinity 
(mg/L CaCO3)

Hardness 
(mg/L CaCO3)

Alkalinity 
(mg/L CaCO3)

Hardness 
(mg/L CaCO3)

Total 
Overlying NH3 

Overlying 
Sulfides (mg/l)

Total 
Overlying NH3 

Overlying 
Sulfides (mg/l)
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APPENDIX E – Reference Toxicant Tests 
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Glossary of Terms 

Acute toxicity:  Toxicity due to a short‐term exposure.  The measured effect may be lethal or sub‐lethal. 

AFDW:  Ashed‐free dry weight 

Amphipod:  Hyalella azteca:  For this program, the amphipod, Hyalella azteca was used to evaluate 

toxicity. 

Benthic Test:  A whole‐sediment test, conducted with animals exposed to test sediments 

C: Control 

Chironomus:  The genus for the midge test species, Chironomus dilutus.  For this report, Chironomus is 

sometimes used to refer to Chironomus dilutus. 

Chronic toxicity:  Toxicity due to a longer duration exposure.  The measured effect may be lethal or sub‐

lethal (e.g. growth). 

COPC: Chemicals of Potential Concern 

CSL:  Cleanup screening level; levels which may require action 

EC50: Median effective concentration.  That concentration that elicits an effect on 50% of the test 

population. 

Ecology:  Washington Department of Ecology 

Hyalella:  The genus for the amphipod test species, Hyalella azteca.  For the purposes of this report, 

Hyalella is sometimes used to refer to Hyalella azteca. 

LC50: Median lethal concentration.  That concentration that is lethal to 50% of the test population. 

M:  Mortality 

Midge:  Chironomus dilutus – for this program, the midge Chironomus dilutus was used to evaluate 

toxicity. 

MIG:  Mean individual growth 

Porewater Test:  Toxicity test with test organisms exposed to porewater extracted from test sediments 

RSET:  Regional Sediment Evaluation Team 

SCO:  Sediment cleanup objective; long‐term sediment quality goals for cleanup actions 

SMS:  Sediment management standards 

TNWR:  Toppenish National Wildlife Refuge 

YSF:  Yakima Steel Fabricators 
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1. Introduction	
Farallon Consulting LLC (Farallon) is conducting a remedial investigation of a light industrial site in 

Yakima, Washington.  The Agri‐Tech/Yakima Steel Fabricator (YSF) property includes a small Type 3 

wetland.   Previous studies with sediment collected from three wetland stations found cadmium levels 

above the State screening levels; sediment toxicity testing showed the potential for adverse biological 

effects.  However, the results of previous tests were equivocal.  ENVIRON (formerly NewFields) were 

requested to conduct an evaluation of toxicity and the potential causes of toxicity in sediments from the 

wetland.   The purpose of this supplemental remedial investigation was to inform the feasible remedial 

analysis and cleanup action plan as it relates to the wetland area by: 

 Reevaluating the potential for toxicity in site wetland sediments; and, 

 If toxicity is observed, determine whether cadmium or other metals of potential concern 

are the likely cause. 

 Generate data that can lead to a cleanup level for the site. 

1.1 Background	and	2011	Investigation	
Prior studies evaluated wetland soils and sediments at the south end of the Agri‐Tech/YSF property 

(Figure 1) for contaminants of potential concern (COPC) and sediments were evaluated for toxicity 

(Farallon 2011).  Based on the soil and sediment chemistry, cadmium was the only analyte observed at 

concentrations exceeding the preliminary soil screening levels (Table 1).  For the sediment samples, 

cadmium was the only COPC that exceeded the State of Washington’s recently promulgated freshwater 

sediment cleanup screening level (CSL) and sediment cleanup objective (SCO) criterion.   The CSL values 

represent levels which may require action; whereas the SCO values represent long‐term sediment 

quality goals for cleanup.  The CSL chemical criteria are higher than the SCO criteria; likewise, the 

toxicity thresholds for CSL are higher than those of the SCO.  The Freshwater CSL and SCO values are 

based on a regional dataset with concomitant sediment chemistry and bioassay data.  However, this 

dataset did not include small wetlands and as such they may not necessarily represent the bioavailability 

and toxicity of chemicals in the largely static sediment reducing environments found in small wetlands. 

As required by the Sediment Management Standards (SMS), toxicity tests were conducted on the 

wetland sediments in 2011.  Tests included the 10‐day amphipod survival test with the amphipod, 

Hyalella azteca, the 20‐day midge growth and survival test with the midge, Chironomus dilutus, and the 

Microtox® test.  The bioassay report (Nautilus 2011; Appendix A) compared the test results to control 

samples based on criteria as defined in the Regional Sediment Evaluation Team (RSET) sediment 

evaluation framework for dredged material (USACE/EPA 2009).  Since that time, the Washington 

Department of Ecology (Ecology) promulgated biological criteria for the freshwater sediment tests with 

Hyalella and Chironomus.  The results of the wetland sediment toxicity tests are compared to the 

Ecology criteria in Table 2.  For the Microtox® test, RSET criteria were used as the SMS revisions do not 

include Microtox® criteria.  It should be noted that the RSET criteria are based on a “one‐hit/two‐hit” 

evaluation.  Toxicity observed at the two‐hit level represents a lower level of toxicity and indicates that 

two toxicity tests would need to exceed the two‐hit criteria to fail a sediment treatment.  The one‐hit 
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criteria represents a higher level of toxicity and indicates that one toxicity test exceeding the one‐hit 

criteria would fail a sediment treatment. 

Toxicity exceeding the CSL criteria was observed in WETSED‐1 for the Hyalella test, whereas no toxicity 

was observed in the Chironomus test for both survival and growth.   WETSED‐2 passed the CSL and SCO 

criteria for Hyalella survival and Chironomus growth, with Chironomus mortality slightly above the SCO 

criteria. In contrast, the WETSED‐3 sediment passed the SCO criteria for the Hyalella test, but failed the 

CSL criteria for Chironomus mortality.  Survival among the replicates for the Chironomus test was highly 

variable, ranging from 0 to 9 individuals per replicate.  Marginal toxicity exceeding the CSL and SCO 

criteria were observed for each of the test treatments in the Microtox® test. 

Table 1.  Summary of Wetland Soil and Sediment Chemistry, Agri‐Tech/YSF 2011 Survey. 

Analyte 
WETSED  WETSOIL 

SL1  SCO2  CSL3 
1  2  3  1  2  3 

Grain Size                   

Sand  40.4   14.1  4.1  ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐

Silt  48.1  76.8  61.9  ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐

Clay  11.5  9.1  34.0  ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐

TOC (%)  5.3  4.7  3.6  ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐

TVS (%)  82  63  60  ‐‐ ‐‐ ‐‐ ‐‐  ‐‐  ‐‐

As  <5.8  7.6  8.5 <5.1 <3.4 <2.4 20  14  120

Cd        9.2  6.8  7.8 3.7 1.8 1.5 2  2.1  5.4

Cu  36  41  52 39 19 16 2,960  400  1200

Hg       0.073  0.043  0.143 0.14 0.071 0.14 2  0.66 0.80

Mn  210  220  270 190 250 210 11,000  ‐‐  ‐‐

Pb  190  150  180 110 19 3.5 1,000  360  >1300

Sb  <5.8  <6.9  <6.1 <5.1 <3.4 <2.4 32  ‐‐  ‐‐

Zn  2700  2800  2700 1700 670 41 24,000  3200 >4200

TPH‐GRO  ND  ND  ND ND ND ND 10  ‐‐  ‐‐

TPH‐DRO  ND  ND  ND ND ND ND 2,000  ‐‐  ‐‐

TPH‐ORO  ND  ND  ND ND ND ND 2,000  ‐‐  ‐‐

Pesticides/Herbicides  ND  ND  ND ND ND ND ‐‐  ‐‐  ‐‐

Acetone  0.082  <0.039 0.110 0.094 0.029 <0.019 3.21  ‐‐  ‐‐

Carbon Disulfide  <0.003  0.003  <0.003 0.064 0.010 <0.001 5.651  ‐‐  ‐‐

MEK  <0.014  <0.013 0.025 0.010 <0.0045 <0.0064 22  ‐‐  ‐‐

Other VOCs  ND  ND  ND ND ND ND   ‐‐  ‐‐
1 RI Screening Level 
2 Sediment Cleanup Objective; 3 Cleanup Screening Level 
3 Reported value from nearby WETSOIL station 

Bold: Exceeds SCO 

Underline: Exceeds SCO and CSL 
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Table 2.  Summary of 2011 Toxicity Test Results for Wetland Sediments, Agri‐Tech/YSF. 

Test  SCO1  CSL1  WETSED‐1  WETSED‐2  WETSED‐3 

Hyalella 10‐day 

    Mortality  MT‐MC
2 >15%  MT‐MC >25% 

100% 

CSL  

13.8% 

Pass 

3.8% 

Pass  

Chironomus 20‐day 

    Mortality  MT‐MC >15%  MT‐MC >25% 
14.6% 

Pass  

17.7% 

SCO 

57.3% 

CSL  

    Growth 
(MIGc‐MIGt) /MIGc

>0.25 

(MIGc‐MIGt) /MIGc

>0.40 

‐0.23 

Pass  

0.04 

Pass  

0.34 

SCO 

Microtox® (evaluated with RSET criteria) 

Test 
RSET Criteria   

“two hit” 

RSET Criteria   

“one hit” 
WETSED‐1  WETSED‐2  WETSED‐3 

Change in light 

output @ 5 minutes 
T/C <85%  T/C <75%  70.8%  75.0%  84.4% 

Change in light 

output @ 15 minutes 
T/C  <85%  T/C <75%  20.2%  29.8%  41.7% 

COPCs 

Cadmium  2.1  5.4  9.2  6.8  7.8 

1 Biological criteria in revised Sediment Management Standards  
2M: mortality; MIG: mean individual growth: T: treatment; C: control 

Bold: Exceeds SCO 

Underline: Exceeds SCO and CSL 

Overall the QA/QC was acceptable for the toxicity tests (summary in Table 3; full report in Appendix A).  

Survival and growth in the negative control sediment (clean silica sand routinely used in freshwater 

sediment tests or laboratory seawater for the Microtox® test) were within acceptable limits.  The 

positive control (reference‐toxicant tests) with the exception of the Microtox® LC50 for the 5 minute 

reading, which was slightly below the acceptable range.  Water quality parameters, including ammonia 

and sulfide values were within the tolerance limits for the test organisms.  The amphipod test was 

initiated with 20 test organisms rather than 10; however, the food ration was not altered for the 

increased loading rate.  While this may have affected test organism fitness and growth, it is unlikely that 

this would result in the high mortality observed in WETSED‐1.  For the Chironomus test, there was high 

inter‐replicate variability with coefficients of variation ranging from 49% to 102%.  This test can be 

subject to error at test initiation if proper care is not taken placing the extremely small larval 

Chironomus into the test chambers.  Nematodes were observed in some test replicates, which could 

result in predation and loss of early Chironomid larvae which are very small (about the size of an 

eyelash).  Additionally, the duration of this test is very near the hatch stage and it is possible to have a 

loss of test organisms when they have developed into flies.  While it is not possible to determine if these 

were sources of the variability from the available data, high variability is an indication that non‐

contaminant interactions may have affected the test results. 
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Table 3.  Negative and Positive Control Performance, 2011 Toxicity Tests. 

Test 
Negative Control 

Performance 
Acceptable Limit 

Positive Control 

Performance 
Acceptable Range 

Hyalella  1.3% mortality  <20%  188 µg/L Cu  0 – 1,360 µg/L Cu 

Chironomus 
6.3% mortality 

0.91 mg AFDW/ind 

<32% 

>0.48 mg AFDW/ind 
571 µg/L Cu  401 – 1,070 µg/L Cu 

Microtox 
5 min: 96% 

5 min: 84% 
72% ‐ 110% 

19.6 mg/L phenol

40.9 mg/L phenol 

24.2 – 55.1 mg/L 

31.0 – 92.2 mg/L 

 

Although cadmium concentrations were generally similar for the three wetland sediments (6.8 to 9.2 

mg/kg), the observed toxicity was highly variable across the site.  Sample WETSED‐1 had 100% mortality 

in the Hyalella test, but did not show toxicity in the Chironomus test; sample WETSED‐3 had 57% 

mortality in the Chironomus test, but high survival in the Hyalella test.  With the exception of the 

Microtox® test, WETSED‐2 showed little toxicity.  While it would not be unexpected to have different 

cadmium sensitivities among test species, the pattern of responses for each test would be expected to 

be somewhat consistent across the test treatments if cadmium was the primary cause of toxicity as the 

sediment chemistry might suggest. 

There was consistency in response for all sediment treatments for the Microtox® test results.  However, 

Microtox® tests have been shown to be highly sensitive to non‐contaminant factors such as turbidity, 

ammonia, sulfides, organics, and holding times (Brouwer and Murphy 1994; Benton et al. 1995; Pardos 

et al 1999; Bennet and Cubbage 1992).  In Microtox® tests with marine samples, holding times have 

been associated with toxicity (NewFields 2009).  In a holding‐time study, no toxicity was observed for 

samples tested within 2 to 4 days of collection; however, nearly half of the samples were found to 

exceed SMS criteria for samples tested 20 days after collection.  All samples tested 37 days after 

collection failed in the Microtox®.  In the Microtox® tests conducted with the Agri‐Tech/YSF wetland 

sediments holding times were 15 days and likely affected the test results.  

Site‐specific factors (e.g. pH, redox potential, sediment grain size, and organic carbon) can affect metals 

availability and toxicity, as well as the ability of chemical criteria to predict a relationship between 

COPCs and toxicity.  In many cases, the pH in wetland sediments may be lower than for larger, more 

dynamic water bodies.  Lower pH tends to favor adsorption of metals onto finer sediment particles (John 

and Leventhal 1994).  Furthermore, wetland sediments typically have elevated total organic carbon 

content due to the dense vegetation, which is not exported, from the system.  Binding with organic 

carbon also reduces availability.  Organically enriched sediments can form a strongly reducing (anoxic) 

environment which promotes sulfate reduction and sulfide mineral deposition.  In such environments, 

free cadmium (the more toxic fraction) can form less toxic insoluble sulfide complexes.  As such, the 

measured cadmium concentrations may not be similarly available or toxic as in riverine or lake systems.  

National chemical criteria or guidance values (e.g. Threshold and Probable Effects Levels), are based on 

datasets developed in water bodies that are quite different than the small wetland on the Agri‐Tech/YSF 
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site.  The dataset used in developing the recently promulgated SMS criteria includes large water bodies 

such as Portland Harbor, the Columbia River, Lake Roosevelt and the Spokane River.   

The potential differences in availability and toxicity in wetland sediments versus sediments from larger 

water bodies are a significant source of uncertainty in developing a cause‐effect relationship between 

screening level exceedances of  chemicals of potential concern and toxicity.  This is reinforced by a lack 

of consistency between the observed concentrations of cadmium and other metals in the sediment 

samples and toxicity among the three sediment samples.  Confirming the cause of toxicity is an 

important step to determining appropriate subsequent actions for the wetland site, for completing the 

Feasibility Study, developing the conceptual site model, and for developing the cleanup action plan 

(CAP).  Since Ecology has indicated that the success of the cleanup action will be based on the absence 

of toxicity, it is critical that appropriate criteria define any cleanup action for the wetland and be used to 

determine when the cleanup action is complete.   

1.2 Approach	for	2013	Supplemental	Investigation	
In order to determine whether site‐related metals were associated with the observed toxicity, ENVIRON 

conducted a targeted study to accomplish the following objectives: 

 Verify toxicity in the WETSED samples from each of the three stations; 

 If toxicity is confirmed, determine whether cadmium or other metals present in the wetland 
site are the likely cause; 

 If toxicity is confirmed and related to metals, determine whether a site‐specific clean‐up 
level would be appropriate. 

The approach to address these study objectives was to conduct a sampling and analysis program that 

included resampling the three wetland stations previously tested, conducting confirmatory toxicity tests 

and targeted analytical chemistry, and performing a suite of forensic toxicity tests called toxicity 

identification evaluations (TIEs).  The TIEs are a series of sample manipulations intended to alter the 

availability of certain classes of compounds (such as cationic metals) which are followed by toxicity tests 

with the manipulated sample.  If sample toxicity changes in a manner predicted by the TIE manipulation, 

it provides a line of evidence that that class of compounds is associated with the observed toxicity.  A 

suite of manipulations are included in this program to provide multiple lines of evidence. It should be 

noted that the TIE may not necessarily identify synergistic or additive effects, however, it may identify 

key factors that are driving factors in any observed toxicity. The results of the toxicity tests and TIE 

studies will then be evaluated in combination with the analytical chemistry to better understand the 

availability of site‐related metals and the potential sources of observed toxicity.   
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2 Methods	

2.1 Sediment	Collection	and	Handling	
Surface sediment collection was conducted on December 3, 2013.  Surface samples were collected from 

the three previously sampled WETSED stations at the Agri‐Tech/YSF site (Site; Figure 1) as well as from 

one location at the Toppenish National Wildlife Refuge (TNWR) for use in dilution series testing.  The 

WETSED stations were located within the wetland and were immediately east of, and distinctly separate 

from the previous backfill area associated with Bay Chemical sediment removal.  Stations were located 

using a WAAS enabled GPS and visual landmarks.  Final station coordinates were recorded in the field 

and are presented in Table 4. 

Surface sediment to a depth of 6” was collected from each of the WETSED stations.  This sampling depth 

targeted the depth of sediment considered to be biologically active and most relevant to evaluating risk 

at the site.  The site was dominated by cattails (Typha sp.) which had a root system that extended to 

approximately 6”.  Additionally, many of the wetland invertebrates (e.g. amphipods, Chironomids) 

occupy the upper most sediment surface (1”‐2”).  The wetland at the Site was dry at the time of 

sampling and sediment was collected by hand to a depth of 6 inches using stainless steel scoops.  

Collection tools were washed with warm soapy water, rinsed with deionized water, and then rinsed with 

acetone.  Stainless steel spoons and scoops were cleaned at the Port Gamble laboratory and wrapped in 

foil. 

Prior to sampling, above‐ground vegetation was cleared from the sampling area.  Care was taken during 

sampling to avoid roots and other large organic debris.  Sediment from the TNWR was collected using a 

small stainless steel van Veen sampler from Toppenish Creek.  Sediment was collected from an area 

closed to hunting, approximately 25 to 30 ft. upstream of a small bridge.  Approximately five gallons of 

sediment was collected from each location to provide sufficient sample volume to support the analyses 

and TIE manipulations.  Sediment from each station was placed into clean, food‐grade plastic bags, 

labeled with station number, and then placed into a cooler. Sediment for AVS/SEM analysis was placed 

directly into certified clean glass sample jars with no head space.  The samples remained on ice and in 

the dark until they were delivered to the ENVIRON laboratory for processing. 

At the laboratory, sediment from each station was homogenized and then subsampled for chemical 

analysis.  Samples were sent to the analytical laboratory (Analytical Resources Incorporated).  Target 

analytes for project sediments included sediment grain size, total organic carbon, AVS/SEM, and total 

Cd, Mn, Pb, and Zn. 
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Figure 1.  Agri‐Tech/Yakima Steel Wetland study area. 
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Table 4. Station locations, Agri‐Tech/YSF 2013. 

Station  Latitude  Longitude  Time  Comments 

WETSED‐1‐13  46° 34.034  120° 20.416  12:31 
Dry silt/clay overlying wet 
cobble; heavy vegetation  

WETSED‐2‐13  46° 34.036  120° 29.406  13:06 
Dry silt/clay; heavy 
vegetation 

WETSED‐3‐13  46° 34.028  120° 29.406  13:36 

Dry silt/clay with sand 
overlying moist silt/sand; 
heavy vegetation 

TNWR  46° 18.508  120° 20.786  10:01  Silty sand 

 

2.2 Chemical	Analysis	
The three WETSED test sediments  and dilution series sediments were analyzed for grain size, total 

organic carbon (TOC), porewater ammonia and sulfides, the metals cadmium (Cd), lead (Pb), manganese 

(Mn), and zinc (Zn), and AVS/SEM (Table 5).  Note that the 0% dilution (TNWR only) was not submitted 

for chemical analysis.  With the exception of ammonia and sulfides, laboratory analyses were conducted 

by Analytical Resources Inc. of Tukwila, Washington.  Porewater ammonia and sulfides were measured 

at the ENVIRON laboratory. 

Sediment grain size was analyzed to determine the general size classes that make up the sediment (e.g., 

gravel, sand, silt, and clay). Grain size was conducted using the gravimetric procedure described in PSEP 

(1986) and Plumb (1981). The TOC, made up of volatile and nonvolatile organic compounds, was 

determined following Plumb (1981). This procedure involved dissolving inorganic carbon (carbonates 

and bicarbonates) with hydrochloric acid or sulfuric acid prior to TOC analysis. Total solids were also 

measured to convert concentrations of the chemical parameters from a wet‐weight to a dry‐weight 

basis. Percent solids were determined by Standard Method SM2540G (APHA 2002). 

The analysis for the project specific metals was conducted using an inductively coupled plasma 

emissions spectrometer equipped with a mass detector (ICP‐MS), in accordance with USEPA 6010C 

Rev.3 (EPA 2007).  Porewater samples were collected by ENVIRON and were analyzed for ammonia and 

dissolved sulfides.  Total ammonia as nitrogen was measured using an Orion meter fitted with an 

ammonia ion‐specific probe.  Total sulfides as S‐2 were measured using a HACH DR/2800V 

Spectrophotometer. 

The methods for acid volatile sulfides followed EPA (1991).  In this colorimetric method, sulfide in the 

sample was converted to hydrogen sulfide by the addition of hydrochloric acid at room temperature.  

The hydrogen sulfide (H2S) was purged from the sample by an inert gas and trapped in a sodium 

hydroxide (NaOH) solution.  With the addition of a mixed‐diamine reagent (MDR), the sulfide was  
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Table 5.  Chemical and Physical Parameters, Analytical Methods, and Target Detection Limits,  
Agri‐Tech/ YSF 2013. 

Parameter  Method  Procedure 

Sediment Target 

Reporting Limit  

(dry weight) 

Conventionals

Grain Size  PSEP; Plumb (1981) Sieve/Pipette 1.0% 

TOC  Plumb (1981) Combustion IR 0.1% 

Percent Solids  SM2540G Gravimetric 0.1% 

Dissolved Sulfides  SM4500 Colorimetric 0.001 mg/L

Ammonia  SM 4500N H3F Probe 0.001 mg/L

Metals

Cadmium (Cd)  USEPA 6010c ICP‐MS 0.2 mg/kg

Lead (Pb)  USEPA 6010c ICP‐MS 2 mg/kg

Manganese (Mn)  USEPA 6010c ICP‐MS 0.1  mg/kg

Zinc (Zn)  USEPA 6010c ICP‐MS 1 mg/kg

AVS  EPA 1991 Colorimetric 0.05 

SEM  EPA 1991 ICP‐MS As above

Bioassays

Acute Toxicity  USEPA 100.1 Amphipod NA 

Acute Toxicity  SAPA 2008 Microtox® NA 

Chronic Toxicity  USEPA 100.5  Larval Midge  NA 

 

converted to methylene blue and measured on a UV‐VIS spectrometer.  The acid‐sediment slurry was 

centrifuged to settle the sediment.  The supernatant was poured into an acid cleaned Teflon bottle and 

then analyzed by Inductively Coupled Plasma Mass Spectrometry (ICP‐MS) for cadmium, lead, 

manganese, and zinc following a modification of EPA Method 1638.  The amount of each metal that is 

soluble in the porewater is dependent upon the amount of sulfides to bind with and the relative affinity 

of the metal to bind with sulfides. For these four metals, lead can replace the other three metals bound 

to sulfides, followed by cadmium replacing zinc and manganese (EPA 2005). Zinc and manganese will 

then bind to what sulfides are available. 

2.3 Test	Treatment	Preparation	

2.3.1 Test	Sediments	for	Baseline	and	Dilution	Series	Toxicity	Testing	
The potential for benthic toxicity in sediment from the three stations was evaluated using three benthic 

toxicity tests: the 10‐day acute toxicity test with the amphipod Hyalella azteca, the 20‐day chronic test 

with the midge Chironomus dilutus, and the Microtox® test using bioluminescent bacteria.  The purpose 

of the baseline toxicity tests was to establish a baseline for subsequent TIE and to confirm or refine 

earlier estimates of toxicity from the 2011 toxicity tests.  A dilution series test was also conducted using 

decreasing concentrations of WETSED‐3 test sediment mixed with sediment collected from TNWR.  The 

dilution series test was included to determine whether there was a dose‐response to the test sediment 
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to assist in determining a site‐specific clean up criteria if required.  As indicated in the results section, 

there was no response in the WETSED‐3 sediment dilution test. 

The baseline tests were conducted with homogenized sediment from the three on‐site stations 

(WETSED 1, WETSED‐2, and WETSED‐3), a series of dilutions of WETSED‐3, and a laboratory control 

sediment.  The laboratory control sediment was tested with two benthic tests to validate test results 

and verify that test conditions were suitable for test organism health.  The laboratory control sediment 

was silica sand that was thoroughly rinsed with diluted mineral water (DMW).  

The dilution series test was conducted with a series of sediment dilutions prepared using sediment from 

WETSED‐3 and gradually increasing volumes of TNWR sediment.  Sediment dilutions tested were 100%, 

67%, 33%, and 11% test sediment in reference sediment and targeted whole sediment cadmium 

concentrations of 9, 6, 3, 1 mg/kg Cd.  Sediment dilutions were prepared volumetrically based on the 

whole sediment concentration of 9 mg/kg Cd in WETSED‐3 sediment.  An appropriate mass of test and 

dilution sediment was combined in 1‐gal glass jars.  The sediment was homogenized using a clean, 

stainless‐steel spoon and then fitted with Teflon‐line lids.  Jars were then placed onto a roller table and 

mixed continuously for 24 hours to evenly distribute the test and dilution sediment.  After the mixing 

period, the test jars were placed in the cold‐room (4°C) to allow for equilibration.   A subsample of each 

dilution was submitted to the analytical laboratory to confirm the test cadmium concentration. 

2.4 TIE	Manipulations	
Based on the results of the baseline testing, TIE tests were conducted with both sediment and 

porewater from the WETSED‐1 sample.  TIE procedures followed methods outlined in EPA (2007) and 

WERF (2007).  Porewater was collected by double centrifugation.  After the sediment was centrifuged 

once, the supernatant was decanted into another clean Teflon jar and centrifuged again. The 

supernatant in this jar was decanted into a glass container.  This was the unmanipulated WETSED‐1 

sample for the porewater TIE.  A TIE treatment control was tested concurrent to each of the sediment 

and porewater TIE manipulations.  For sediment tests, the TIE control was comprised of silica sand 

(control sediment) plus the respective treatment.  For the porewater TIE manipulations, the negative 

controls were diluted mineral water (control water) plus the respective treatment.  The TIE 

manipulations included in this evaluation are summarized in Table 6 and the methods are summarized in 

the following sections. 
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Table 6.  Toxicity Tests and TIE Manipulations Included in Agri‐Tech/YSF 2013. 

Matrix  TIE Method 
Target Chemical 

Class 
Test   Control 

Sediment  SIR‐300  Cationic Metals  10‐d Amphipod  Silica sand + SIR‐300 

Sediment 
Powdered Coconut 

Charcoal 
Organics  10‐d Amphipod  Silica sand + PCC 

Porewater 
EDTA  

(4 and 2 mg/L) 
Metals  10‐d Amphipod 

Control water + EDTA 

(4 and 2 mg/L) 

Porewater  SIR‐300  Cationic Metals 
10‐d Amphipod

Microtox 

Control water filtered 

through SIR‐300 

Porewater  C18 Column  Organics  10‐d Amphipod 
Control water filtered 

through C18 column 

Porewater  Filtration 
Particulate bound 

contaminants 
10‐d Amphipod  Filtered control water 

2.4.1 Whole	Sediment	TIE	Manipulations	
Two whole sediment manipulations were included in the TIE evaluations to evaluate the role of metals 

and organic contaminants of potential concern.  Whole sediment TIE tests were conducted with Hyalella 

azteca.  The following section describes the methods for the whole sediment TIE manipulations. 

2.4.1.1 Cation‐exchange	Resin	Beads	in	Sediment	

SIR‐300 is a macroporous, weak‐acid cation exchange resin which has chelating properties for heavy 

metal ions.  SIR‐300 beads can be mixed directly into sediments to reduce cationic metal bioavailability 

(Burgess et al. 2000).   

To prepare the resin beads, approximately 50 g of beads (Resin Tech Inc.  West Berlin NJ), were placed in 

a polycarbonate tube fitted with a nytex screen and rinsed with tapwater and then deionized (DI) water.  

A 10% mixture of SIR‐300 resin in test sediment by wet weight was prepared by manually mixing 25 g of 

resin beads into 225g sediment for a total mass of 250 g.  Once visually homogenous, the mixture was 

placed on a rolling table for 24 hours, and then placed in test chambers and tested following the 

standard procedure for the 10‐day test. 

A SIR‐300 blank was also tested concurrently by creating a 10% mixture of the resin beads in control 

sediment following the procedure described above. 

2.4.1.2 Powdered	Coconut	Charcoal	(PCC)	in	Sediment		

Powdered coconut charcoal is pyrolized activated coconut husk that has been ground to <45 µm.  PCC 

can be added to whole sediment to reduce bioavailability of a broad spectrum of organic contaminants 

(Ho et al. 2004).  This treatment was added to determine whether site‐related organics were related to 

observed toxicity. Previous studies have shown a toxic threshold for PCC at 15% (WERF 2007), therefore 

a 5% mixture was used.   
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PCC was prepared by hydrating the charcoal with deionized water in a 2000 mL Erlenmeyer flask.  Excess 

moisture was then removed after hydration using a vacuum filter.  Once the free moisture was removed 

from the PCC, a 5% mixture by wet weight was prepared by homogenizing 40 g of PCC in 800 g of 

WETSED‐1 test sediment.  Once uniform in appearance, the test sediment was placed on rolling table for 

24 hours, and then placed in test chambers following the standard procedure.   

A PCC blank was also tested concurrently by creating a mixture of PCC in control sediment (45 g PCC in 

900 g control sediment) following the procedure described above. 

2.4.2 Porewater	TIE	Manipulations	
Porewater from WETSED‐1 was extracted from the whole sediment and treated with several targeted 

TIE manipulations.  Porewater toxicity tests were conducted with amphipods and Microtox®; larval 

midge (C. dilutus) do not survive well in water‐only exposures and are not typically included in 

porewater evaluations. 

2.4.2.1 Baseline	Toxicity	

The baseline toxicity test was conducted on unmanipulated porewater samples.  For the purposes of this 

study, undiluted porewater was tested without a dilution series.  Porewater was collected from the 

whole sediment by double centrifugation as described above.  The supernatant was then collected into 

a clean, glass jar taking care to avoid collection of the fine particulates from the sediment‐water 

interface.  Porewater was then held at 4°C until it was used in toxicity tests or treated following the TIE 

procedures described below. 

2.4.2.2 Cation‐Exchange	Column	

Sediment  interstitial water was pumped through a cation exchange column to extract cationic metals.  

When combined with chemical analysis of the rinsate, a removal of toxicity in the rinsate can be used to 

identify the cause of toxicity (USEPA 1996; Burgess et al. 1997). 

The cation exchange column was prepared by packing SIR‐300 resin beads in a Supelco LC‐WCX column.  

A peristaltic pump fitted with solastic tubing was attached to the input fitting of the extraction column 

and the flow adjusted to 2.5 mL per minute.  In order to prepare the resin beads, 2 mL of methanol was 

pumped through the column followed by 6 mL of deionized water.  Care was taken to keep the resin 

column moist between each step.   

Control water was passed through the cation‐exchange column at a flow rate of 2.5 mL per minute and 

collected in a clean glass beaker.  The column was re‐prepared using methanol followed by deionized 

water prior to filtering the WETSED‐1 porewater.  Sufficient porewater was passed through the resin 

column to allow for testing and chemical analysis.  The SIR‐300 control and the treated porewater were 

then placed in the temperature‐controlled room to equilibrate to test temperature prior to testing. 
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2.4.2.3 C‐18	Column			

Sediment interstitial water was pumped through an organic compound solid‐phase extraction column, 

or C‐18 exchange column, to remove non‐ionic organic toxicants from interstitial water.  Reduction of 

toxicity in the column rinsate provides evidence to characterize toxicity caused by organic compounds 

(USEPA 1991). 

An Oasis HLB organic solid‐phase extraction column was fitted with solastic tubing.  A peristaltic pump 

was used with the flow adjusted to 1 mL per minute.  In order to prepare the column, 3 mL of methanol 

was pumped through the column followed by 5 mL of DI water.  Care was taken to keep the column 

moist between each step.   

Control water was passed through the C18 column at a flow rate of 2 mL per minute and collected in a 

clean glass beaker.  The column was re‐prepared using methanol followed by DI water prior to filtering 

the WETSED‐1 porewater.  Sufficient porewater was passed through the column to allow for testing and 

chemical analysis.  The C18 control and the treated porewater were then placed in the temperature‐

controlled room to equilibrate to test temperature. 

2.4.2.4 EDTA	

Disodium ethylenediaminetetraacetic acid (EDTA) is an organic chelating molecule that preferentially 

binds divalent metals.  When added directly to interstitial water samples, EDTA can reduce the 

bioavailability and toxicity of metals such as cadmium and zinc.  EDTA can also exhibit toxicity to aquatic 

invertebrates, so care must be taken not to use concentrations that approach the effects thresholds for 

Hyalella. 

An EDTA stock solution was prepared by adding 2.78 g disodium EDTA in 100‐mL of DI water and mixed 

with a stir bar.  While some guidance recommends EDTA concentrations as high as 60 mg/L, we have 

previously observed Hyalella toxicity at 8 mg/L (Weston 2007).  The target EDTA concentrations for this 

study were 4 mg/L and 2 mg/L in order to minimize EDTA toxicity in the treated porewater preparations.  

WETSED‐1 porewater was treated with 0.16 µL and 0.08 µL of stock solution for each mL of test water.  

The EDTA was mixed with the control and test porewater for 3 hours.  The resulting pH of the treated 

porewater sample was low (pH = 2) and was adjusted to within the test range by adding NaOH.  A high 

and low EDTA control was prepared in a similar manner with 0.16 µL and 0.08 µL of stock solution per 

mL dilution water.  

2.4.2.5 Filtration	Tests	
Filtration tests were performed to determine whether the chemicals causing toxicity were bound to 

particulate matter in the porewater.  A reduction in toxicity following filtration indicates that chemicals 

are particulate bound; the filtration step is also used as a control for the SIR‐300 and C18 methods that 

filter samples during treatment.  The WETSED‐1 porewater was prepared by filtering the sample (50 mL) 

through a 1 µm glass fiber filter with a vacuum pump.  A filtration‐control was prepared by filtering 

dilution water (control water) in a similar manner. 
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2.5 Toxicity	Test	Methods	

2.5.1 10‐d	Acute	Amphipod	Sediment	Test	with	Hyalella	azteca	
Testing methods for the amphipod bioassay followed procedures outlined in the test method 100.1 of 

the Methods for Measuring the Toxicity and Bioaccumulation of Sediment‐associated Contaminants 

with Freshwater Invertebrates (USEPA 2000).  The 10‐day endpoint measured the impact of the site 

sediments on the survival of H. azteca.   

Test organisms were exposed to the test sediments and the laboratory control sediment in 300‐mL glass 

jars fitted with screened ports to allow for water renewals.  Approximately 100 mL of test and control 

sediment (to a depth of 1 cm) was placed in each of eight replicate test chambers with 175 mL of 

moderately hard diluted mineral water (DMW; 80 – 100 mg/L CaCO3).  Two surrogate chambers were 

set up for each treatment to allow for pore water ammonia measurement at test initiation and 

termination.  An additional surrogate was set up for water quality measurements on days 0 ‐ 10 to limit 

the impact of disturbance to the test organisms.  Test chambers were placed in predetermined random 

positions and allowed to equilibrate to test conditions overnight.  The amphipod test was run under a 

16‐hour light: 8‐hour dark photoperiod at a temperature of 23  1C.   

Prior to test initiation, an initial set of water quality parameters was measured in the overlying water of 

the water quality surrogate. The water quality parameters included temperature, dissolved oxygen, pH, 

and conductivity. Hardness, alkalinity, and ammonia were measured in the overlying water of a 

composite from replicates within each treatment.  In addition, one surrogate replicate from each test 

treatment was used to extract pore water via centrifugation for subsequent analysis of ammonia. The 

water quality instruments were calibrated daily or on their recommended schedule. Records of 

instrument calibration were retained in the laboratory logs. 

Amphipods (H. azteca) were supplied by Aquatic Biosystems of Fort Collins, Colorado.  To initiate the 

test, 10 amphipods were randomly selected and placed into each test chamber.  Amphipods remaining 

in the water column and exhibiting abnormal behavior after one hour were replaced.  Each test chamber 

was outfitted with a Zumwalt style water delivery system to facilitate twice daily water renewals.  Each 

test chamber was fed daily with 1 mL of stock YCT/Tetrafin™ solution.  The number of dead and surfaced 

animals was noted for each replicate daily.  On Day 10, the sediments from each chambers was sieved 

through a 0.5‐mm screen and the number of survivors was recorded.  Test acceptability criterion was 

greater than 80 percent mean control survival.   

To evaluate the relative sensitivity of the organisms, a 4‐day water‐only reference toxicant test was 

conducted using ammonium chloride with nominal concentrations of 0, 5, 10, 20, 40, and 80 mg/L total 

ammonia to establish the sensitivity of test organisms used in the evaluation of the project sediments.  

The reference‐toxicant LC50 for the population of test organisms used in the project tests were 

compared to laboratory control charts to determine their sensitivity relative to populations previously 

tested at the ENVIRON laboratory. 
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2.5.2 20‐d	Chronic	Midge	Sediment	Test	with	Chironomus	dilutus	

Testing methods for the midge larvae bioassay followed procedures outlined in the test method 100.5 of 

the Methods for Measuring the Toxicity and Bioaccumulation of Sediment‐associated Contaminants 

with Freshwater Invertebrates (EPA 2000).  The 20‐day endpoint measured the impact of the site 

sediments on the survival and growth of C. dilutus.   

Test organisms were exposed to the test sediments and the laboratory control sediment in 300‐mL glass 

jars fitted with screened ports to allow for water renewals.  Approximately 100 mL of test and control 

sediment (to a depth of 1 cm) was placed in each of eight replicate test chambers with 175 mL of 

moderately hard diluted mineral water (DMW; 80 – 100 mg/L CaCO3).  Two surrogate chambers were 

set up for each treatment to allow for pore water ammonia measurement at test initiation and 

termination.  An additional surrogate was set up for water quality measurements on days 0 ‐ 10 to limit 

the impact of disturbance to the test organisms.  Test chambers were placed in predetermined random 

positions and allowed to equilibrate to test conditions overnight.  The larval midge test was run under a 

16‐hour light: 8‐hour dark photoperiod at a temperature of 22  1C.   

Prior to test initiation, an initial set of water quality parameters was measured in the overlying water of 

the water quality surrogate. The water quality parameters included temperature, dissolved oxygen, pH, 

and conductivity. Hardness, alkalinity, and ammonia were measured in the overlying water of a 

composite from replicates within each treatment.  In addition, one surrogate replicate from each test 

treatment was used to extract pore water via centrifugation for subsequent analysis of ammonia. Water 

quality instruments were calibrated daily or on their recommended schedule. Records of instrument 

calibration were retained in the laboratory logs. 

Chironomus dilutus egg cases were obtained from Aquatic BioSystems of Fort Collins, Colorado and 

cultured to obtain larvae <2‐hours in age for the test.  Egg cases were held in diluted mineral water at 

23°C until test initiation.  Larvae began hatching after approximately 2 – 4 days.  To select organisms for 

the test, egg cases were transferred to petri dishes with culture water and observed under a dissecting 

microscope.  Healthy organisms were considered those actively moving and less than two hours 

separated from their egg cases.  Twelve (12) larvae were transferred directly to each test chamber using 

a fine‐tip Pasteur pipette.  A squirt bottle with diluted mineral water was used to spray the surface to 

ensure no animals were caught in the surface tension and to allow animals to successfully bury into the 

sediment.  The chambers were outfitted with a Zumwalt style water delivery system to facilitate twice 

daily water renewals.  Water quality parameters were measured in the water quality surrogate.  The 

number of dead and surfaced animals was noted for each replicate daily.  Organisms were fed 6 mg of 

ground Tetramin™ per test chamber daily. 

On Day 20, the sediments from the chambers were sieved through a 0.5‐mm screen and the number of 

survivors was recorded.  Survivorship was measured as the number of C. dilutus larvae, pupae, and flies 

remaining at test termination; however, only the larvae were utilized for determining the growth 

endpoint.  Surviving larvae from each replicate were placed in pre‐ashed and pre‐weighed aluminum 
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boats and dried at 60C for 24 hours to determine dry weights.  The weigh boats were subsequently 

ashed at 550C for 2 hours and reweighed in order to calculate the ash‐free dry weight (AFDW) of the 

surviving larvae.  Mean AFDW per surviving individual (growth) and per original number (biomass) was 

calculated.  Test acceptability criteria were >68% mean control survival (≤32% mean mortality) and a 

mean growth per survivor (MIG) of greater than 0.60 mg AFDW.  The formula for growth was as follows: 

Growth = (Dry Weight – Ashed Weight)/Nt 

Biomass = (Dry Weight – Ashed Weight)/Ni 

MIG = [(Dry Weight – Ashed Weight)/Nt]/20 

where: 

Nt = total number of animals recovered at test termination 

Ni = number of animals added at test initiation. 

A reference toxicant test was conducted using copper sulfate with concentrations of 0, 250, 500, 1000, 

2000, and 4000 µg/L Cu2+ to establish the sensitivity of test organisms used in the evaluation of the 

project sediments. The reference‐toxicant LC50 for the population of test organisms used in the project 

tests were compared to laboratory control charts to determine their sensitivity relative to populations 

previously tested at the ENVIRON laboratory. 

2.5.3 Microtox®	Test	
The Microtox® test was performed by Rainier Environmental LLC. The Microtox test exposed the 

luminescent marine bacterium Vibrio fischeri to porewater extracted from test sediments, as well as for 

the SIR‐300 treated porewater and SIR‐300 control.  Bacterial light output was measured using the 

Microtox® Model 500 Analyzer at 5 and 15 minutes of exposure. Light output from the test porewater 

was compared to that of the reference treatments at both time intervals.  A complete description of the 

Microtox® test methods is presented in Appendix B. 

2.5.4 Porewater	Toxicity	Tests	
Porewater toxicity tests were conducted during the toxicity identification evaluations with the 

amphipod Hyalella azteca.  Tests were conducted as static, acute exposures with 15 mL of whole and 

treated porewater, treatment controls, and a laboratory control in 20 mL glass vials.  Porewater was 

collected from the whole sediment by double centrifugation.  Test sediment was placed in 1‐L Teflon 

jars and centrifuged for 30 minutes at 3200 g.  After the sediment was centrifuged once, the 

supernatant was decanted into another clean Teflon jar and centrifuged again.  The supernatant was 

then collected into a clean, glass jar taking care to avoid collection of the fine particulates from the 

sediment‐water interface.  Prior to testing, porewater and control samples were placed in a 

temperature‐controlled room and allowed to equilibrate.  Porewater samples were provided trickle flow 

aeration prior to testing to ensure that dissolved oxygen would remain within acceptable ranges 

throughout the test.   
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The porewater tests were conducted with four amphipods in each of five test chambers for a total test 

population of 20 organisms.  Test chambers were placed in predetermined random positions and 

allowed to equilibrate to test conditions.  The amphipod test was run under a 16‐hour light: 8‐hour dark 

photoperiod at a temperature of 23  1C. 

Prior to test initiation, an initial set of water quality parameters was measured.  Amphipods (H. azteca) 

were supplied by Aquatic Biosystems and were 6 to 8 days old at test initiation.  To initiate the test, four 

amphipods were randomly selected and placed into each test chamber.  Each test chamber was fed with 

1 mL of stock YCT/Tetrafin™ solution on test day 5.  The number of dead animals was noted for each 

replicate on test days 4 and 10.  Test acceptability criterion was greater than 80 percent mean control 

survival.   

2.5.5 Water	for	Bioassay	Testing		
The laboratory water used in this study was diluted mineral water (DMW). This water was prepared by 

diluting Perrier® mineral water with laboratory de‐ionized water to the appropriate hardness. This water 

source has been used successfully on numerous similar bioassay testing programs conducted at the Port 

Gamble Laboratory.  Extensive testing with a variety of species has shown that this water source provide 

good survival in laboratory controls. 

2.5.6 Water	Quality	
Water quality was monitored daily and readings were recorded on data sheets.  Dissolved oxygen and 

temperature were measured using a Hach™ HQ40d multimeter with a Luminescent Dissolved Oxygen 

(LDO) probe. Conductivity was measured using an Orion™ 5‐Star multimeter with a conductivity probe; 

pH was measured using a YSI™ pH100 meter with a pH probe. Ammonia was analyzed using an Orion™ 

5‐Star multimeter with an ammonia ion‐selective electrode calibrated with a three‐point calibration 

curve (1, 10, and 100 mg/L).  Hardness and alkalinity were measured utilizing Hach™ titration kits. 

2.6 Data	Analysis	and	QA/QC	
Water quality and endpoint data were entered into Excel spreadsheets.  Water quality parameters were 

summarized by calculating the mean, minimum, and maximum values for each test treatment.  Endpoint 

data were calculated for each replicate and the mean values and standard deviations were determined 

for each test treatment.   

Hand‐entered data was reviewed for data entry errors, which were corrected prior to summary 

calculations.  A minimum of 10% of the calculations and data sorting were reviewed for errors.  Review 

counts were conducted on apparent outliers.  

Statistical comparisons were made using a t‐test following guidance in USEPA (2000). Data reported as 

percent survival were transformed using an arcsine square root transformation prior to statistical 

analysis.  Data were tested for normality using the Wilk‐Shapiro test and equality of variance using 

Levene’s test.  Determinations of statistical significance were based on one‐tailed Student’s t‐tests with 

an alpha of 0.05.  For samples failing to meet assumptions of normality, a Mann‐Whitney test was 
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conducted to determine significance.  For those samples failing to meet the assumptions of normality 

and equality of variance, a t‐test on rankits was used. 

For AVS/SEM evaluations, total SEM was calculated as the sum of the four metals analyzed during SEM 

and AVS measurements. Total excess SEM (free metal ions) was calculated as the molar AVS 

concentration subtracted from the molar total SEM concentration. This value was divided by the fraction 

of TOC in the sediment sample for comparison to the equilibrium sediment benchmarks as described by 

the EPA (EPA 2005). The result is the TOC normalized‐total SEM in excess of the sediment binding 

capacity (µmol SEM/gTOC). 

3. Results	
Each of the three WETSED stations was reoccupied and sediment was collected to a depth of 6”.  There 

was no standing water at the time of sampling, with the water‐level at approximately 6” below ground 

surface (Figures 2 and 3).  Sediment was moist at the surface to wet at the bottom of the 6” sampling 

horizon.  At each of the stations, the sediment surface was covered with a heavy layer of large organic 

debris, primarily dead and decaying cattails.  Care was taken to remove heavy organic debris and large 

root matter.   

Sediment from WETSED‐1 was dominated by sand (68%), with moderate amounts of silt (28.3%) and 

clay (13.4%; Table 7).  Total organic carbon was 5.15%.  Sediment from Stations WETSED‐2 and WETSED‐

3 were dominated by clayey silt, with 76.7% and 88.3% silt and clay, respectively.   TOC for sediment 

from WETSED‐2 and WETSED‐3 was 3.79% and 4.37%, respectively.  While large plant material was 

removed from samples prior to chemical analysis, it is likely that this material contributed to the organic 

carbon.  Porewater ammonia concentrations were generally low, below 1 mg/kg in each of the sediment 

treatments.  Similarly, porewater sulfide concentrations were generally low, ranging from 0.036 to 0.055 

mg/L.  Porewater pH ranged from 7.14 to 7.28. 
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Figure 2.  Wetland study area with approximate station locations. 
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Figure 3.  A and B. Wetland study area; C and D.  Sampling Station WS‐3. 

Edge of Backfill  Edge of Backfill
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Table 7.  Results of Chemical Analysis of Test Sediments, Agri‐Tech/YSF 2013. 

Analyte  SCO  CSL  WETSED‐1  WETSED‐2  WETSED‐3 

         

Sand/Gravel (%)  ‐‐a  58.3  23.4  11.8 

Silt (%)  ‐‐  28.3  56.7  63.6 

Clay (%)  ‐‐  13.4  20.0  24.7 

TOC (%)  ‐‐  5.15  3.79  4.37 

Total Solids (%)  ‐‐  46.9  47.2  38.7 

Acid Volatile Sulfides (mg/kg)  ‐‐  1570  294  231 

Total Ammonia (mg/L)  ‐‐  0.46  0.35  0.61 

Total Sulfides (mg/L)  ‐‐  0.046  0.055  0.036 

Porewater pH  ‐‐  7.14  7.25  7.28 

 Cadmium  2.1  5.4  6.5  7.4  9.4 

 Lead  360  1300  147  146  178 

 Manganese  ‐‐  ‐‐  189  342  324 

 Zinc  3200  4200  2240  2940  3810 

  Test Treatment 

Analyte 
100% 

WETSED‐3 

67%  

WETSED‐3 

33%  

WETSED‐3 

10% 

WETSED‐3 

 Cadmium  7.1  5.1  2.9  1.1 

 Lead  139  97  48  20 

 Manganese  158  436  571  1560 

 Zinc  3,090  2150  1,140  451 

a‐‐: no value 

Bold: Fails SCO 

Underline: Fails SCO and CSL 

Concentrations of metals were generally similar to those observed during the initial site investigation 

(Farallon 2011).   Cadmium concentrations in the 2013 sediment samples ranged from 6.5 to 9.4 mg/kg; 

cadmium concentrations in 2011 ranged from 6.8 to 9.2 mg/kg.  Concentrations of lead, manganese, 

and zinc in 2013 were generally similar across the site and were also similar to values observed in 2011.  

Zinc concentrations were 2240 to 3810 mg/kg in the 2013 samples. 
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3.1 Baseline	and	Dilution	Series	Whole‐Sediment	Tests 

3.1.1 10‐Day	Benthic	Amphipod	Test	
The 10‐d amphipod test with Hyalella azteca was initiated on December 13, 2013.  A summary of test 

conditions, test results and water quality observations for the test are presented in Tables 8 to 10. All 

data sheets are presented in Appendix C.  With the exception of temperature and pH, water quality 

parameters remained within the recommended ranges throughout the duration of the test.  

Temperature was within range from Day 0 to 9; test temperature on Day 10 was 20.0° to 20.5°C.  This 

temperature is within the tolerance range for Hyalella azteca and was observed only at test termination, 

and therefore was unlikely to have affected test performance.  Porewater ammonia in the three test 

treatments was 0.3 to 1.1 mg/L total ammonia in the treatments.  This was below the project‐specific 

LC50 of for ammonia of 1.46 mg/L total ammonia. The test was validated by 91% survival in the controls. 

The LC50 for the ammonia reference‐toxicant test was 1.46 mg/L total ammonia, within the control chart 

limits (1.2 – 26 mg/L), indicating that the test animals were similar in sensitivity to previous populations 

used at the Port Gamble laboratory. 

Mean percentage mortality in the test treatments WETSED‐2 and WETSED‐3 was 5% and was not 

significantly different than that of the control.  Mean mortality in the two treatments was lower than 

that of the control, passing the SMS criteria.  Mean mortality in the WETSED‐1 sediment was 100% and 

was significantly different from the control.  Mean mortality in the WETSED‐1 treatment was 91.8% 

greater than that of the control and failing the CSL for the amphipod test (MT‐MC>25%).The dilution 

series test was conducted concurrent with the baseline tests to evaluate the relationship between the 

cadmium concentration and toxicity.  Based on an initial screen of metals concentrations, WETSED‐3 

was selected for use in the dilution series test,with test concentrations targeting cadmium 

concentrations of 9, 6, 3, and 1 mg/kg.  Concentrations observed  in the 100%, 67%, 33%, and 11% 

treatments were 7.1, 5.1, 2.9, 1.1 mg/kg Cd, respectively (Table 7). The dilution series showed no 

relationship between the total cadmium concentration and survival, with no significant changes in mean 

percentage survival, relative to the control, across the dilution series.  This was true for total lead, 

manganese, and zinc as well.  Survival ranged from 88.8% to 97.5% for the different test treatments.   



Agri‐Tech/Yakima Steel Wetland Sediment Evaluation – FINAL December 30, 2014      27 

 

Table 8. Survival Summary for the 10‐day Benthic Test with Hyalella azteca, Agri‐Tech/YSF 2013. 

Treatment 
Mean Percentage 

Survival 

Standard 

Deviation 

Mean Percentage 

Mortality 
MT‐MC

3 

Baseline Test 

Control  91.2  8.3  8.8  ‐‐ 

  WETSED‐1  0.0 S1  0.0  100  91.2 

  WETSED‐2   95.0  5.3  5.0  ‐3.8 

  WETSED‐3   95.0  7.6  5.0  ‐3.8 

Dilution Series Test2 

  100% WETSED‐3  95.0  7.6  5.0  ‐3.8 

  67% WETSED‐3  93.8  7.4  6.2  ‐2.6 

  33% WETSED‐3  88.8  5.3  11.2  1.4 

  11% WETSED‐3  93.8  7.4  6.2  ‐2.6 

  TNWR  97.5  7.0  2.5  ‐7.3 

1 S:  Mean value is statistically different than the mean value in the control treatment 
2Treatments listed as nominal concentrations 
3SCO: MT‐MC>15%; CSL: MT‐MC>25% 
Bold: Fails SCO 

Underline: Fails SCO and CSL 
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Table 9. Water Quality Summary for the 10‐day Benthic Test with Hyalella azteca, Agri‐Tech/YSF 2013. 

Treatment 

Dissolved Oxygen 

(mg/L) 
Temperature  (°C) 

Conductivity 

(mS/cm) 
pH 

Mean  Min  Max Mean Min  Max  Mean Min  Max  Mean  Min Max

Baseline Test 

Control  6.6  5.4  8.6  22.3  20.3  22.8  197  183  203  7.5  7.3  8.1

  WETSED‐1  5.7  4.5  7.5  22.4  20.4  23.2  233  199  320  7.1  6.8  7.3

  WETSED‐2   5.8  4.7  7.2  22.3  20.3  23.2  255  231  307  7.4  7.3  7.5

  WETSED‐3   6.0  5.2  7.9  20.0  19.4  20.2  268  229  354  7.5  7.3  7.8

Dilution Series Test1 

  100% WETSED‐3  6.0  5.2  7.9  22.5  20.4  23.9  268  229  354  7.5  7.3  7.8

  67% WETSED‐3  5.6  3.8  6.9  22.3  20.2  23.5  263  229  343  7.4  7.3  7.6

  33% WETSED‐3  5.6  4.1  6.9  22.5  20.4  23.4  239  217  283  7.3  7.1  7.6

  11% WETSED‐3  5.3  2.9  8.0  22.2  20.3  22.7  231  204  269  7.4  7.0  8.0

  TNWR  6.2  4.6  8.5  21.9  20.1  23.7  216  202  225  7.5  7.2  8.1

1Treatments listed as nominal concentrations 
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Table 10. Test Condition Summary for Hyalella azteca, Agri‐Tech/YSF 2013. 

Test Conditions: H. azteca 

Supplier  Aquatic Biosystems 

Date acquired  12/11/2013 

Acclimation/holding time  2 days 

Age class  Adult 

Test type/duration  10‐Day Benthic  

Test dates  December 13 ‐ 23 

Weeks of Holding  <2 weeks 

Control Sediment  Silica Sand 

Test temperature  Recommended: 23  1 C  Achieved: 19.4 – 23.9 C 
Test dissolved oxygen  Recommended: > 2.5 mg/L  Achieved:  2.9 – 8.6 mg/L 

Test pH  Recommended: 6‐9  Achieved:  7.0 – 8.1 

Control performance   Recommended:  Control < 10% mortality  Achieved: 9% 

Reference Toxicant LC50  1.46 mg/L total ammonia 

Acceptable Range  1.2 – 26 mg/L total ammonia 

Test chamber   300 mL glass chamber 

Replicates/treatment  8 + 2 surrogates for measuring porewater ammonia levels 

Organisms/replicate  10 

Exposure volume  100 mL sediment/ 275 mL water 

Feeding  Daily with 1 mL of stock YCT/Tetrafin™ solution 

Water renewal/Lighting  Twice daily/16:8 

Test Protocol Deviations  Temperature 

 

3.1.2 Benthic	toxicity	tests	with	Chironomus	dilutus	
The 20‐d chronic test with larval midge (C. dilutus) was initiated on December 13, 2013.  A summary of 

test conditions, test results and water quality observations for the test are presented in Tables 11 

through 13.  Test results and water quality observations for each of the test replicates and supporting 

information of the Chironomus test is presented in Appendix C.  Mean percentage survival in the control 

sediment was 90.6%, meeting the performance criteria of >68% survival for the controls.  Mean growth 

in the controls was 1.82 mg AFDW/ind, meeting the performance criteria of ≥0.60 mg/ind.   

Water quality measurements were within target limits with the exception of dissolved oxygen and 

temperature.   Dissolved oxygen dropped to below target parameters on Day 19 and trickle‐flow 

aeration was added to all chambers for the duration of the test period.  Because the decrease in DO was 

observed at the end of the test period and renewals were performed twice daily limiting the duration of 

the deviation, it is unlikely that survival or growth endpoints were affected.  While the published range 

for temperature is 23° ±1°C, the test conducted for this study targeted a range of 21° to 23°C to prevent 

larvae from prematurely pupating.  Temperatures were slightly above this range at test initiation; 

however, at the time animals were placed in the test chambers, test temperatures were within range.  

On test day 10, test temperature was below 21°C, but was within 1°C in all chambers.  Ammonia values 
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were below NOEC values for C. dilutus.  The LC50 values for the copper sulfate reference‐toxicant tests 

were 1.18 mg/L, within the control chart limits of 0.30 – 2.12 mg/L.  This indicates that the test 

organisms were of similar sensitivity to those previously tested at the Port Gamble Laboratory. 

Mean mortality in the test treatments ranged from 22.9% to 29.2%.  There was no statistically significant 

increase in mortality in WETSED‐1, relative to the control.  Mean percent mortality in WETSED‐2 and 

WETSED‐3 were statistically different from the control; however, the difference between mean 

mortality observed in each of the WETSED test treatments and the control was 13.5% to 19.8%, which 

was within the CSL criterion for Chironomus survival (MT‐MC
 >25%).  Mean mortality in WETSED‐2 and 

WETSED‐3 was slightly above the SCO for mortality (MT‐MC
 >15%).  Chironomus survival in both the 

WETSED‐2 and WETSED‐3 test treatments exceeded the control performance criteria.   

No statistical decreases in growth were observed in the test treatments, relative to the control.  With 

the exception of WETSED‐1, growth in the test treatments exceeded that of the control.  Mean 

individual growth in WETSED‐1 was 1.61 mg/ind AFDW, which was 11.5% of the control treatment.  This 

difference was within both the SCO and CSL for freshwater sediments.  

The dilution series showed no relationship between the total metals concentrations and survival, with 

no significant changes in mean percentage survival, relative to the control, across the dilution series.  

Mean mortality for the different test treatments ranged from 22.3% to 37.5%, with the TNWR (0% 

WETSED‐3) showing the highest mortality for each of the dilution series treatments.  Chironomus growth 

in each of the dilution series treatments was greater than that of the control.  The highest growth was 

observed in the 10% and 0% treatments, however, there were no significant differences across the 

treatments. 
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Table 11. Survival Summary for the 20‐day Benthic Test with Chironomus dilutus, Agri‐Tech/YSF 2013. 

Treatment 

Mean 

Percentage 

Survival 

SD 
Mean 

Percentage 
Mortality 

MT‐MC
3,4 

Mean AFDW 

per Survivor2 

(mg) 

SD 
(MIGc‐MIGt) / 

MIGc
3,4 

Baseline Test 

 Control  90.6  9.4  9.4  ‐‐  1.82  0.17  ‐‐ 

WETSED‐1  77.1  19.3  22.9  13.5  1.61  0.28  0.12 

WETSED‐2   74.0  10.4  26.0  16.6 S1  2.39  0.49  ‐0.31 

WETSED‐3   70.8  7.7  29.2  19.8 S  1.83  0.63  ‐0.01 

Dilution Series Test2 

  100% WETSED‐3  70.8  7.7  29.2  19.8 S  1.83  0.63  ‐0.01 

  67% WETSED‐3  72.9  20.8  27.1  17.7  2.39  0.74  ‐0.31 

  33% WETSED‐3  77.1  22.2  22.3  13.5  2.06  0.28  ‐0.13 

  11% WETSED‐3  62.5  27.8  37.5  28.1 S  3.16  0.84  ‐0.74 

  TNWR  69.8  16.6  30.2  20.8 S  2.86  0.52  ‐0.57 

1 S:  Mean value is statistically different than the mean value in the control treatment 
MIGc:  Mean individual growth in the control; MIGt:  Mean individual growth in the treatment 
2Treatments listed as nominal concentrations 
3SCO: MT‐MC>15%; (MIGc‐MIGt) /MIGc >0.25 
4CSL: MT‐MC>25%; (MIGc‐MIGt) /MIGc >0.40 

Bold: Fails SCO 

Underline: Fails SCO and CSL 
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Table 12. Water‐Quality Summary ‐ 20‐day Benthic Test with Chironomus dilutus, Agri‐Tech/YSF 2013. 

Treatment 

Dissolved Oxygen 

(mg/L) 
Temperature  (°C) 

Conductivity 

(mS/cm) 
pH 

Mean  Min  Max Mean Min  Max  Mean Min  Max  Mean  Min Max

Baseline Test 

Control  5.3  2.3  8.7  22.7  20.0  23.9  201  170  213  7.3  7.0  7.8

  WETSED‐1  5.1  2.0  8.6  22.6  20.0  24.0  213  183  318  7.1  6.8  7.8

  WETSED‐2   4.8  1.8  7.6  22.3  20.1  23.0  246  219  306  7.4  7.1  7.6

  WETSED‐3   4.7  2.1  7.8  22.4  20.0  23.6  248  228  341  7.4  7.2  7.6

Dilution Series Test1 

  100% WETSED‐3  4.7  2.1  7.8  22.4  20.0  23.6  248  228  341  7.4  7.2  7.6

  67% WETSED‐3  4.5  3.0  7.7  22.3  20.4  23.6  243  222  323  7.4  7.1  7.7

  33% WETSED‐3  6.6  3.1  9.0  22.3  20.0  22.9  234  214  301  7.6  7.1  8.2

  11% WETSED‐3  6.7  2.8  8.4  22.4  20.1  24.0  225  210  259  7.6  7.2  8.0

  TNWR  7.0  2.7  9.3  22.1  20.0  24.0  219  183  242  7.7  7.2  8.5

1Treatments listed as nominal concentrations 
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Table 13. Test Condition Summary for Chironomus dilutus, Agri‐Tech/YSF 2013. 

Test Conditions: C. dilutus 

Supplier  Aquatic Biosystems 

Date acquired  12/11/13 

Acclimation/holding time  NA 

Age class  <2‐day old 

Test type/duration  20‐Day Benthic Chronic 

Test dates  December 13 – January 2, 2014 

Weeks of Holding  <2 weeks 

Control Sediment  Silica sand 

Test temperature  Recommended: 22  1 C  Achieved: 20.0 – 24.0 C 
Test dissolved oxygen  Recommended: > 2.5 mg/L  Achieved:  1.8 – 9.3 mg/L 

Test pH  Recommended: 6‐9  Achieved:  6.8 – 8.5 

Control performance   Recommended:  Control < 10% mortality  Achieved: 9% 

Reference Toxicant LC50  1.18 mg/L Cu 

Acceptable Range  0.3 – 2.12 mg/L Cu 

Test chamber   300 mL glass chamber 

Replicates/treatment  8 + 2 surrogates for measuring porewater ammonia levels 

Organisms/replicate  12 

Exposure volume  100 mL sediment/ 275 mL water 

Feeding  6 mg of ground Tetramin™ per test chamber daily 

Water renewal/Lighting  Twice daily/16:8 

Test Protocol Deviations  DO, Temperature 

	

3.1.3 Benthic	toxicity	tests	with	Microtox®	
The Microtox® tests were performed by Rainier Environmental using the luminescent marine bacterium 

Vibrio fischeri in combination with the Microtox® Model 500 Analyzer.  Light output of the bacterium 

reacting with the test sample was measured at 5 and 15 minutes of exposure.  The test compared 

sample porewater extracts to the controls and the data was evaluated statistically on the change in 

output over time.  Full test results with benchsheets are presented in Appendix B. 

Water quality parameters were within target ranges with dissolved oxygen ranging from 6.2 to 7.5 mg/L 

and pH ranging from 7.14 to 8.15.  The final mean light output in the control treatment was 80% of 

initial output, exceeding the control performance criteria of 72% (Table 14).  The estimated LC50 for the 

reference toxicant test was 1209 µg/L and 438 µg/L Cu for the 5 and 15 minute exposures, respectively.  

These values were within the laboratory historical limits (5 min: 929 – 1666 µg/L; 15 min: 425‐613 µg/L 

Cu), indicating that the test organisms were similar to those tested previously at the Rainier 

Environmental laboratory.   
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Table 14. Summary of Test Results for the Microtox® Test, Agri‐Tech/YSF 2013. 

Treatment2 
5‐Minute Reading  15‐Minute Reading 

Mean Percentage 
Change in Light Output 

T/C3,4 
Mean Percentage 

Change in Light Output 
T/C3,4 

Control  91 ±4  ‐‐  80 ±4  ‐‐ 

WETSED‐1  59 ±3  0.65 S1  11 ±1  0.14 S 

WETSED‐2   94 ±3  1.03  78 ±4  0.98 

WETSED‐3   97 ±2  1.07  80 ±2  1.00 

Control  91 ±3  ‐‐  79 ±4  ‐‐ 

  100% WETSED‐3  95 ±5  1.04  77 ±4  0.97 

  67% WETSED‐3  94 ±3  1.03  80 ±7  1.01 

  33% WETSED‐3  98 ±3  1.08  84 ±5  1.06 

  11% WETSED‐3  98 ±2  1.08  85 ±2  1.08 

TNWR  97 ±1  1.07  86 ±2  1.09 

1 S:  Mean value is statistically different than the mean value in the control treatment 
2Dilution series treatments listed as nominal concentrations 
3RSET low (two hit): T/C <0.85 
4RSET high (one‐hit): T/C <0.75 

Bold: Fails SCO; Underline: Fails SCO and CSL 

With the exception of WETSED‐1, no significant differences in mean percentage light output were 

observed in the WETSED or dilution test samples.  Light output was >90% of the initial reading at 

5 minutes, and >77% at 15 minutes; ≥97% of the control.  Light output in the WETSED‐1 treatment was 

35% that of the control at 5 minutes and was 14% of the control at 15 minutes (a reduction in light 

output of 86%).   The WETSED‐1 light output failed the RSET Microtox® criteria for both time intervals. 

3.2 Toxicity	Identification	Tests	
Porewater was extracted from the whole sediment collected from Station WETSED‐1 using 

centrifugation.  Porewater samples and whole sediment were then treated following the methods 

outlined in Section 2.4.  The toxicity identification evaluation of the WETSED‐1 sediment included the 

following targeted chemical classes and associated methods: 

 Cationic metals – cation exchange resin beads in sediment and in porewater filtered through 

SIR‐300 to address the role of cationic metals; 

 Metals – EDTA in porewater to address the role of metals in general; 

 Organics – Powdered coconut charcoal (PCC) in sediment and sediment filtered through a solid‐

phase extraction column (C‐18 cartridge) to address the potential role of non‐ionic organics;  

 Ammonia/sulfides – compare porewater concentration with species sensitivity data; and, 

 Particulates – filtered sample to address the potential role of particulates. 
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3.2.1 Porewater	Chemistry	
Treated and untreated porewater samples were analyzed for metals (Table 15).  Cadmium and lead 

were undetected in the WETSED‐1 porewater, with detection limits of 0.002 mg/L and 0.02 mg/L, 

respectively.  Zinc was observed at a concentration of 28.3 mg/kg in the WETSED‐1 porewater, with a 

manganese concentration of 4.49 mg/kg.  Ammonia in the WETSED‐1 porewater was 0.46 mg/L.   

With the exception of the SIR‐300 treatment, porewater concentrations of metals were unchanged by 

the TIE manipulations.  Two concentrations of EDTA were added to the porewater; however, neither 

treatment decreased the concentration of manganese or zinc in the porewater.  The target 

concentrations of EDTA were 0.25 and 0.5 times the EDTA LC50 and were considered an upper 

concentration for testing with Hyalella azteca.  Filtration of the porewater also did not decrease the 

concentration of manganese or zinc, indicating that these metals were not associated with particulates 

but were present in a dissolved phase.  As expected, treatment of the WETSED‐1 porewater with the 

C18 column did not alter the concentrations of metals in the porewater.  

Treatment of the WETSED‐1 porewater with the SIR‐300 cation‐exchange resin effectively decreased the 

concentrations of both manganese and zinc.  The concentration of manganese was decreased from 

4.49 mg/L to 0.053 mg/L Mn; zinc was decreased from 28.3 to 0.13 mg/L Zn. 

Table 15.  Metals in Untreated and Treated WETSED‐1 Porewater, Agri‐Tech/YSF 2013. 

Treatment 

Metal (mg/L)  Ammonia 
(mg/L Total) Cadmium  Lead  Manganese Zinc 

           

 WETSED‐1  0.002 U  0.02 U  4.49  28.3  0.46 

 WS‐1 SIR‐300  0.002 U  0.02 U  0.053  0.13  0.40 

 WS‐1 EDTA Low  0.002 U  0.02 U  4.18  26.0  ‐‐ 

 WS‐1 EDTA High  0.002 U  0.02 U  4.36  26.9  ‐‐ 

 WS‐1 C18  0.002 U  0.02 U  4.25  26.0  ‐‐ 

 WS‐1 Filtered  0.002 U  0.02 U  4.37  25.8  ‐‐ 

U: Undetected. Actual concentration below reported concentration 
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3.2.2 Porewater	Toxicity	Tests	with	Hyalella	azteca	
Water‐only toxicity tests were conducted with the amphipod Hyalella azteca.  The porewater test was 

conducted as a 10‐day test, with both a 96‐h and 10‐d endpoint.  The porewater test was initiated on 

January December 13, 2013.  A summary of test conditions, test results, and water quality observations 

for the test are presented in Tables 16 to 18.  Data for all replicates, as well as testing bench sheets are 

presented in Appendix D.  Water quality parameters remained within the recommended ranges 

throughout the duration of the test.  The test was validated by 90% survival in the controls. The LC50 for 

the ammonia reference‐toxicant test was 6.79 mg/L total ammonia, within the control chart limits (0.0 – 

26.5 mg/L), indicating that the test animals were similar in sensitivity to previous populations used at 

the Port Gamble laboratory.   

Mean percentage survival in the unfiltered WETSED‐1 porewater was 0.0%, with complete effects 

observed at the 96‐h endpoint.  Mean percentage survival in the two EDTA treatments, the C18 treated 

and filtered porewater was also 0%, indicating that these treatments did not decrease toxicity.  Survival 

in the EDTA and C18 controls (clean DI treated in a similar manner) ranged from 75% to 95%, indicating 

that the observed toxicity was not associated with the EDTA or C18 treatments. 

Mean percentage survival in the SIR‐300 treated porewater was 50% at 96‐hours, showing a significant 

increase in survival relative to the WETSED‐1 porewater.  This provided a strong indication cationic 

metals were likely to have had a role in the toxicity observed in the WETSED‐1 porewater.  This 

observation was further strengthened by the low ammonia concentrations observed in the porewater 

samples (<1 mg/L total ammonia).  Ammonia concentrations can sometimes be increased by SIR‐300 

treatment, potentially contributing to toxicity.  No significant toxicity was observed in the SIR‐300 

control, indicating that the cation exchange resin did not affect amphipod survival.   

While there was some additional mortality at 10‐days of exposure, this was due to one to two additional 

mortalities in both the SIR‐300 treatment and control.  Because the effects in the WETSED‐1 treatment 

were observed at 96‐hours and little change was observed across the test between 96‐hour and 10‐day, 

the 96‐hour endpoint was used for evaluating toxicity.     
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Table 16. Summary of Results for the 4‐day and 10‐day Porewater TIE Test with Hyalella azteca,  
Agri‐Tech/YSF 2013. 

Treatment 

96‐h Endpoint  10‐day Endpoint 

Mean 
Percentage 
Survival 

Standard 
Deviation 

Mean 
Percentage 
Survival 

Standard 
Deviation 

 Control  90.0  13.7  90.0  13.7 

 WETSED‐1  0.0  0.0  ‐‐1  ‐‐ 

 WS‐1 Filtered  0.0  0.0  ‐‐  ‐‐ 

 WS‐1 SIR‐300  50.0 S2  30.6  40.0 S  37.9 

 SIR‐300 Control  90.0  13.7  85.0  13.7 

 WS‐1 EDTA Low  0.0  0.0  ‐‐  ‐‐ 

 EDTA‐Low Control  75.0  30.6  ‐‐  ‐‐ 

 WS‐1 EDTA High  0.0  0.0  ‐‐  ‐‐ 

 EDTA High Control  95.0  11.2  ‐‐  ‐‐ 

 WS‐1 C18  0.0  0.0  ‐‐  ‐‐ 

 C18 Control  90.0  22.4  ‐‐  ‐‐ 

1Test treatment terminated at 96‐hours. 
2S:  Statistically significantly different, relative to the TIE treatment control. 
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Table 17. Summary of Water Quality for the Porewater Test with Hyalella azteca, Agri‐Tech/YSF 2013. 

Treatment 

Dissolved Oxygen 
(mg/L) 

Temperature  (°C) 
Conductivity 
(mS/cm) 

pH 

Mean  Min  Max Mean Min  Max  Mean Min  Max  Mean  Min Max

  Control  7.6  4.8  9.1  22.6  21.9  23.8  325  195  505  7.4  6.8  7.9

  WETSED‐1  7.3  4.7  8.3  23.1  22.0  23.9  1723  1612  1805  5.9  5.1  6.5

  WS‐1 Filtered  8.1  7.3  9.1  23.4  22.3  24.5  1721  1655  1772  7.0  6.9  7.1

  WS‐1 SIR‐300  6.7  4.3  8.9  22.9  22.1  23.9  2031  1631  2270  7.3  6.5  8.6

  SIR‐300 Control  6.1  3.5  8.8  22.7  21.8  24.5  262  179  381  7.3  6.7  7.8

  WS‐1 EDTA Low  7.8  6.1  8.9  23.2  22.0  24.3  1728  1672  1798  7.3  7.2  7.5

  EDTA‐Low Control  8.0  7.1  8.9  23.6  22.9  24.5  162  155  173  7.0  6.0  7.5

  WS‐1 EDTA High  7.9  6.0  9.4  23.4  22.0  24.4  1719  1648  1793  6.9  6.7  7.1

  EDTA High Control  7.9  6.0  9.4  23.4  22.0  24.4  467  161  561  6.9  6.7  7.1

  WS‐1 C18  7.6  6.3  8.5  23.1  22.2  23.9  1688  1589  1751  7.1  6.9  7.2

  C18 Control  8.4  7.5  8.8  23.2  22.2  23.7  220  188  272  7.8  7.7  7.8
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Table 18. Test Condition Summary for the Porewater Test with Hyalella azteca, Agri‐Tech/YSF 2013. 

Test Conditions: H. azteca 

Supplier  Aquatic Biosystems 

Date acquired  01/28/14 

Acclimation/holding time  2 days 

Age class  Adult 

Test type/duration  96‐h and 10‐d Porewater Test  

Test dates  January 31 

Weeks of Holding  8 weeks 

Control Sediment  Silica Sand 

Test temperature  Recommended: 23  1 C  Achieved: 21.8 – 24.7 C 
Test dissolved oxygen  Recommended: > 2.5 mg/L  Achieved:  3.5 – 7.9 mg/L 

Test pH  Recommended: 6‐9  Achieved:  7.7 – 8.5 

Control performance   Recommended:  Control < 10% mortality  Achieved: 10% 

Reference Toxicant LC50  6.79 mg/L total ammonia 

Acceptable Range  0.0 – 26.5 mg/L total ammonia 

Test chamber   20‐mL glass vials 

Replicates/treatment  5 

Organisms/replicate  4 

Exposure volume  15 mL 

Feeding  Day 5; 1 mL of stock YCT/Tetrafin™ solution 

Water renewal/Lighting  None/16:8 

Test Protocol Deviations  Temperature 

 

3.2.3 Porewater	Toxicity	Tests	with	Microtox®	
Based on the results of the amphipod TIE tests, the Microtox® TIE included the WETSED‐1 porewater 

and SIR‐300 treated porewater.  A summary of the test results are presented in Table 19.  Data for all 

replicates, as well as testing bench sheets are presented in Appendix D.  The final mean light output in 

the control treatment was 77% of initial output, meeting the control performance criteria of >72%.  

The WETSED‐1 porewater sample showed significantly decreased light output, relative to the control, at 

both the 5 minute and 15 minute time interval.  Light output in the untreated WETSED‐1 porewater was 

88% and 67% that of the control for the 5 and 15 minute interval, respectively.  While this is decreased 

relative to the control, the effects were less than those observed from the whole sediment samples.  

This may have been due to the loss of fines during the centrifugation process.  

Treatment with SIR‐300 completely removed toxicity, with no significant effects observed in the SIR‐300 

treated porewater.  Light output in this treatment exceeded the control water both at the 5 and 15 

minute interval (104% of the control).  No effects were observed in the SIR‐300 control. 
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Table 19. Summary of Test Results for the Porewater Microtox® Test, Agri‐Tech/YSF 2013. 

Treatment 

5‐Minute Reading  15‐Minute Reading 

Mean Percentage Change 

in Light Output 
T/C1,2 

Mean Percentage Change in 

Light Output 
T/C1,2 

Control  85 ±2  ‐‐  77 ±3  ‐‐ 

WS‐1  75 ±2  0.88 S  49 ±3  0.63 S 

WS‐1 SIR300   89 ±3  1.04  81 ±3  1.04 

SIR300 Control   93 ±4  1.09  86 ±3  1.11 

1RSET low (two hit): T/C <0.85 
2RSET high (one‐hit): T/C <0.75 

S: Significantly different than treatment control 

Bold: Fails SCO 

Underline: Fails SCO and CSL 

3.2.4 10‐Day	Benthic	(Whole	Sediment)	Amphipod	TIE	Test	
The 10‐d benthic TIE test with Hyalella azteca was initiated on January 31, 2014.  A summary of test 

conditions, test results and water quality observations for the test are presented in Tables 20 to 22 and 

Appendix E. With the exception of temperature, water quality parameters remained within the 

recommended ranges throughout the duration of the test.  Temperature generally ranged between 21.0 

to 23.0⁰C, which is within the tolerance range for this species and was unlikely to have affected test 

performance.  The test was validated by 87.5% survival in the controls, which met the control 

performance standard of ≥80% survival. The LC50 for the ammonia reference‐toxicant test was 6.79 mg/L 

total ammonia, within the control chart limits (0.0 – 26.5 mg/L), indicating that the test animals were 

similar in sensitivity to previous populations used at the Port Gamble laboratory.   

Mean percentage mortality in the WETSED‐1 sediment was similar to that of the first round of tests, 

with 100% mortality.  Treatment with SIR‐300 decreased toxicity, with mean percentage mortality of 

32.5%.  Survival in the SIR‐300 treated sediment was not statistically different from the control and the 

difference between the SIR‐300 treated sediment and the control was 20%, within the CSL criteria 

of ≤25%.   

Treatment with powdered coconut charcoal did not alter toxicity, with 0% survival in the PCC amended 

WETSED‐1 sediment.  However, survival in the PCC control was 5%, indicating that the PCC amendment 

likely contributed to toxicity in the PCC treatments. 
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Table 20. Survival Summary for the 10‐day Benthic Test with Hyalella azteca, Agri‐Tech/YSF 2013. 

Treatment 
Mean Percentage 

Survival 
Standard 
Deviation 

Mean Percentage 
Mortality 

MT‐MC
2 

TIE Tests 

Control  87.5  9.6  12.5  ‐‐ 

  WETSED‐1  0.0 S1  0.0  100  87.5 

  WETSED‐1 SIR‐300   67.5  25.0  32.5  20.0 

  SIR‐300 Blank  82.5  12.6  17.5  5.0 

  WETSED‐1 PCC   0.0 S  0.0  100  87.5 

  PCC Blank  5.0 S  5.8  95  82.5 

1 S:  Mean value is statistically different than the mean value in the control treatment 
2SCO: MT‐MC >15%; CSL: MT‐MC >25% 

Bold: Fails SCO 

Underline: Fails SCO and CSL 

 

Table 21. Summary of Water Quality for the Benthic TIE Test with Hyalella azteca, Agri‐Tech/YSF 2013. 

Treatment 

Dissolved Oxygen 
(mg/L) 

Temperature  (°C) 
Conductivity 
(mS/cm) 

pH 

Mean  Min  Max Mean Min  Max  Mean Min  Max  Mean  Min Max

 Control  6.4  5.0  8.9  21.9  21.2 22.3  201  189  207  7.5  7.2  7.8

 WETSED‐1  5.8  4.5  8.4  21.9  20.8 22.6  229  186  326  7.2  6.8  7.6

 WETSED‐1 SIR‐300  6.2  4.6  8.3  22.0  21.1 22.5  239  172  430  7.1  6.6  7.4

 SIR‐300 Blank  8.3  7.0  8.8  21.9  21.5 22.7  172  145  235  7.7  7.0  8.1

 WETSED‐1 PCC  5.9  3.7  8.5  21.9  21.4 22.6  241  184  399  7.2  6.9  7.4

 PCC Blank  5.7  4.4  8.9  21.9  21.2 22.5  208  188  239  7.4  7.1  8.0
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Table 22. Test Condition Summary for the Benthic TIE Test with Hyalella azteca, Agri‐Tech/YSF 2013. 

Test Conditions: H. azteca 

Supplier  Aquatic Biosystems 

Date acquired  01/28/14 

Acclimation/holding time  2 days 

Age class  Adult 

Test dates  January 31 

Weeks of Holding  8 weeks 

Control Sediment  Silica Sand 

Test temperature  Recommended: 23  1 C  Achieved: 20.8 ‐22.7 C 
Test dissolved oxygen  Recommended: > 2.5 mg/L  Achieved:  3.7 ‐8.9 mg/L 

Test pH  Recommended: 6‐9  Achieved:  6.6 – 8.0 

Control performance   Recommended:  Control < 10% mortality  Achieved: 12.5% 

Reference Toxicant LC50  6.79 mg/L total ammonia 

Acceptable Range  0.0 – 26.5 mg/L total ammonia 

Test chamber   300‐mL glass chamber 

Replicates/treatment  5 

Organisms/replicate  4 

Exposure volume  100 mL with 175 mL water 

Feeding  Daily; 1 mL of stock YCT/Tetrafin™ solution 

Water renewal/Lighting  None/16:8 

Test Protocol Deviations  Temperature 

4. Discussion	
As part of the remedial investigation of the Agri‐Tech/YSF property, sediment evaluations were 

conducted to refine estimates of toxicity in wetland sediments and to better understand the potential 

relationship between site‐related chemicals and observed affects.   The results of this investigation are 

intended to inform the cleanup action plan as it pertains to the wetland. 

4.1 Summary	of	Whole‐Sediment	Baseline	Tests	
Concentrations of cadmium exceeded the CSL of 5.4 mg/kg in each of the sediment treatments.  With 

the exception of zinc in sediment from WETSED‐3, concentrations of lead, manganese, and zinc were 

below screening levels.  Zinc in sediment from WETSED‐3 was 3810 mg/kg, slightly above the SCO of 

3200 mg/kg.   

In the baseline toxicity tests, WETSED‐1 failed the CSL criteria for both the 10‐day acute amphipod test 

and the Microtox® test (Table 23).  No significant toxicity was observed in WETSED‐1 sediment for either 

mortality or growth in the 20‐day chronic test with Chironomus dilutus.  Sediment from WETSED‐2 and 

WETSED‐3 met the CSL criteria for all three sediment tests.  Mortality in the chronic toxicity test with 

Chironomus dilutus exceeded the SCO for both of these treatments, however, control‐normalized 

mortality was within 2% and 5% of the criterion for WETSED‐2 and 3, respectively. 
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Table 23.  Summary of Wetland Soil and Sediment Chemistry, Agri‐Tech/YSF 2013. 

4.2 Comparison	to	the	Previous	Investigation	
In general, the conventional sediment characteristics and metals concentrations were similar between 

the current samples (2013) and those samples during the previous wetland investigation (2011).  

Sediment from Station WETSED‐1 was characterized as a mixture of sand and silt/clay, with 5% TOC 

(Table 24).  Both WETSED‐2 and WETSED‐3 were dominated by fine‐grained sediment, with slightly 

lower TOC (3.6% to 4.7% TOC). 

Concentrations of cadmium were similar across the two studies, with concentrations ranging from 6.6 to 

9.9 mg/kg, with all measured concentrations exceeding the CSL for cadmium.  As in the initial 

investigation, concentrations of lead and zinc were below CSL levels. 

The results of the 2013 amphipod tests confirmed the findings of the 2011 study.  Acute toxicity was 

observed for sediment from WETSED‐1, with 100% mortality.  While mortality was higher in 2011 for 

WETSED‐2 (14%), this treatment met SMS criteria in both studies.  No significant mortality was observed 

in sediment from WETSED‐3 in either 2011 or 2013. 

For the chronic sediment test with Chironomus dilutus, earlier results for WETSED‐1 and WETSED‐2 

sediments were confirmed with no significant mortality or decreased growth observed in sediment from 

WETSED‐1; marginal mortality was observed in WETSED‐2, passing CSL criteria.   Mortality and growth in 

WETSED‐3 passed CSL criteria, which failed CSL criteria during the 2011 tests. 

Microtox® tests showed marked improvement during the current study.  Tests were conducted within 

two days of collection to minimize effects associated with holding times.  No toxicity was observed for 

either the WETSED‐2 or WETSED‐3 treatments for either the 5 minute or 15 minute endpoint.  Both 

sediment treatments failed CSL criteria in 2011.  The CSL failures observed in the WETSED‐1 treatment in 

2011 was confirmed, with similar responses to those of 2011. 

Toxicity Endpoint  SCO  CSL  WETSED‐1 WETSED‐2  WETSED‐3

Amphipod  
்ܯ െܯ஼ 

>15%  >25%  Fails CSL  Pass  Pass 

Chironomus  
்ܯ െܯ஼ 

>15%  >25%  Pass 
Fails SCO 
Pass CSL 

Fails SCO 
Pass CSL 

Chironomus  

ሺܩܫܯ஼ െ்ܩܫܯሻ	/ܩܫܯ஼	
>0.25  >0.40  Pass  Pass  Pass 

Microtox® 5 minute 
 ܥ/ܶ

<85%  <75%  Fails CSL  Pass  Pass 

Microtox® 15 minute 
 ܥ/ܶ

<85%  <75%  Fails CSL  Pass  Pass 

Station Summary  Fails CSL  Fails SCO  Fails SCO 
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Table 24.  Summary of Wetland Sediment Chemistry and Test Results, Agri‐Tech/YSF, 2011 and 2013. 

Analyte 
WETSED‐1  WETSED‐2  WETSED‐3  SMS1 

2011  2013  2011  2013  2011  2013  SCO2  CSL3 

% Sand and Gravel  40.4  58.3  14.1  23.4  4.1  11.8  ‐‐  ‐‐ 

% Fines (silt/clay)  59.6  41.7  85.9  76.6  95.9  88.2  ‐‐  ‐‐ 

TOC (%)  5.3  5.2  4.7  3.8  3.6  4.4  ‐‐  ‐‐ 

Cd        9.2  6.5  6.8  7.4  7.8  9.4  2.1  5.4 

Mn  210  147  220  146  270  178  ‐‐  ‐‐ 

Pb  190  189  150  342  180  324  360  >1300 

Zn  2700  2240  2800  2940  2700  3810  3200  >4200 

Toxicity Tests 

Analyte 
WETSED‐1  WETSED‐2  WETSED‐3  SMS 

2011  2013  2011  2013  2011  2013  SCO  CSL 

Hyalella Mortality 

MT‐MC	
100%  91%  14%  ‐4%  4%  ‐4%  >15%  >25% 

Chironomus Mortality 

MT‐MC	
15%  14%  18%  17%  58%  20%  >15%  >25% 

Chironomus Growth 

ሺMIGc‐MIGtሻ	/MIGc	
‐0.22  0.12  0.04  ‐0.31  0.34  ‐0.01  >0.25  >0.40 

Microtox® 5 minute 
T/C	

0.71  0.65  0.75  1.03  0.84  1.07  <0.85  <0.75 

Microtox® 15 minute 
T/C	

0.20  0.14  0.30  0.98  0.42  1.00  <0.85  <0.75 

1Sediment Management Standards 

2Sediment Cleanup Objective 
3Cleanup Screening Level 

Bold: Fails SCO 

Underline: Fails SCO and CSL 
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4.3 Dilution	Series	Test	
Each of the toxicity tests (Hyalella, Chironomus, and Microtox) were conducted with a series of sediment 

dilutions prepared with test sediment WETSED‐3 diluted with reference sediment from the Toppenish 

National Wildlife Refuge.  The dilution series test was conducted concurrent to the baseline tests.  

WETSED‐3 was selected based on the concentration of cadmium, which was highest among the three 

test treatments.  Measured concentrations of cadmium, lead, and zinc showed a decrease with test 

sediment dilutions, with cadmium concentrations generally achieving the target concentration (Table 7).  

Manganese concentrations in the test sediments increased with dilution, with the highest concentration 

of manganese found in the 1% WETSED‐3 treatment. 

In general, there was little difference in response across the dilution series for each of the tests.  

Chironomus growth was higher in the 0% and 11% WETSED‐3 treatments (Table 25); however, the 

variability for this endpoint was quite high and differences were not significant.  In all treatments, 

Chironomus growth was greater than in the control sediment.  Based on the dilution series test, the total 

metals concentrations in the WETSED‐3 treatment did not appear to be predictive of effects.   

Table 25.  Summary of Dilution Series Test Results, Agri‐Tech/YSF, 2013. 

Treatment 

(Nominal) 

Hyalella 

Survival 

MT‐MC 

Chironomus  Microtox® 

Survival 

MT‐MC 

Growth 

(MIGc‐MIGt)/MIGc 

5 minute 

T/C 

15 minute 

T/C 

Control Result  91%  91%  1.82 mg/ind/d  91%  80% 

  100% WETSED‐3  ‐3.8  19.8  ‐0.01  1.04  0.97 

  67% WETSED‐3  ‐2.6  17.7  ‐0.31  1.03  1.01 

  33% WETSED‐3  1.4  13.5  ‐0.13  1.08  1.06 

  11% WETSED‐3  ‐2.6  28.1  ‐0.74  1.08  1.08 

  TNWR  ‐7.3  20.8  ‐0.57  1.07  1.09 

Bold: Fails SCO 

Underline: Fails SCO and CSL 
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4.4 Toxicity	Identification	Evaluation	
Based on the results of the baseline toxicity tests, WETSED‐1 was selected for further evaluations of the 

source of toxicity. Toxicity identification evaluations with both sediment and porewater samples 

provided multiple lines of evidence to relate the observed toxicity in WETSED‐1 with contaminants of 

potential concern.  The following section provides a summary of the TIE findings which are then used in 

a weight of evidence approach to draw conclusions regarding the source(s) of toxicity with the 

sediments represented by WETSED‐1. 

4.4.1 AVS/SEM	
Total metals concentrations in sediment can be unreliable predictors of toxicity because the availability 
of metals to aquatic organisms depends upon a number of site‐specific factors. ..  The primary route of 
exposure for benthic organisms is uptake via the interstitial pore water that occurs between the grains 
of sediment.  Metals in this aqueous phase tend to be more bioavailable than those bound to sediment 
(DiToro et al. 1991).  Metals bound to sediment solids in various forms are largely unavailable to aquatic 
organisms and are considered to be far less toxic than dissolved metals in the pore water.  The 
precipitation of metal sulfides (AVS) and the adsorption of metals to organic carbon in sediment are two 
processes that serve to control the equilibrium between metals on the sediment and dissolved metals in 
the pore water.  The AVS:SEM ratio based on measured acid volatile sulfides (AVS) and simultaneously 
extracted metals (SEM) allow for a site‐specific prediction of the bioavailability of certain metals.  The 
AVS:SEM analysis addresses the question of whether certain metals are present at concentrations that 
exceed the binding capacity of the sediment matrix.  If those metals are not bound, they may be more 
readily available and more biologically active. 

AVS is an operationally defined measurement of metal sulfides that naturally occur in sediments.  AVS 
represents the iron and manganese sulfide minerals in the sediments that react with certain metals.  
Cationic metals, such as cadmium, form sulfide minerals less soluble than natural AVS.  As a result, these 
toxic metals displace iron or manganese from AVS and are themselves sequestered in a very insoluble 
and biologically unavailable form. (U.S. EPA 1994; DiToro et al. 1996).  The precipitation of metals by 
AVS is assumed to eliminate the mobility and toxicity of that metal, so it is important to account for this 
removal when computing the porewater concentration of metal from the concentration on the solids.  
The amount of AVS can vary in different sediments, resulting in differing binding capacities.  Once the 
binding capacity of the AVS is met, the metals are available for uptake or for other binding mechanisms.  
Thus, the ratio of simultaneously extracted metals (SEM) to AVS can be used to predict whether metals 
toxicity should not occur; when SEM:AVS is less than 1.  It should be noted that the SEM/AVS model 
does not necessarily predict toxicity when the SEM:AVS is greater than 1, due to other factors that may 
control toxicity.   

The binding capacity of AVS is competitive between metals  with the sulfide form of each metal having 
its own solubility.  The least soluble sulfide‐metal will precipitate completely before the other metals are 
bound by the available AVS.   The complete order of sulfide solubilities is:  Cu < Pb < Cd < Zn < Ni.  This 
means that for a given amount of AVS, CuS will always precipitate before any others. If the total Hg is 
greater than the AVS, then all the AVS will be CuS and the remaining metals would not for insoluble 
precipitates.  Mercury will also bind with AVS, however, concentrations observed in previous wetland 
soil samples were between 0.04 and 0.14 mg/kg (Table 1) and would not result in significant binding of 
the observed AVS. .   
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The SEM and AVS measured in the WETSED‐1 treatment and the SEM‐AVS ratio is presented in Table 26.  

The SEM for cadmium, lead, and manganese were similar to those of the whole sediment, whereas the 

SEMZn was 4,790 mg/kg, which is higher than the total zinc measured in the initial analysis of the 

WETSED‐1 sediment.  The total SEM, based on a suite of five metals was 5,096 mg/kg (Table 25, Column 

3) or 76.3 µmol/g (Table 25, Column 4).  The AVS in the WETSED‐1 was 48.9 µmol/g (Table 25, Column 6) 

and the SEM:AVS ratio was greater than 1 indicating the potential for metals toxicity.  Based on the 

preferential binding capacity of AVS (Table 25, Column 8), all of the copper, cadmium, and lead were 

predicted to be entirely bound by AVS and in the particulate form.  Approximately 60% of the zinc SEM 

was predicted to be bound to sulfides, with approximately 40% of the zinc and all the remaining 

manganese predicted to be unbound by sulfides.   

Table 26.  Results of AVS and SEM Analysis for Sediment from WETSED‐1, Agri‐Tech/YSF 2013. 

1 MW= molecular weight;  
2 Mass of AVS divided by molecular weight of sulfur (32.087) to obtain AVS molar mass 
3Copper concentration based on total copper measurement (Table 1). 

As indicated above, simply knowing that metals are available does not predict effects. Previous studies 

have compared the available metals (SEM‐AVS) to the fraction of total organic carbon (TOC) in the 

sediments and ranked the likelihood of toxicity (Besser et al. 2013; DiToro et al. 1991; 1992). The TOC 

normalized SEM/AVS (SEM‐AVS divided by the fraction of TOC) can be ranked into one of three 

categories: metals unlikely to cause toxicity (<130 µmol/gOC), potential metals toxicity (130‐3000 

µmol/gOC) and metals toxicity expected (>3000 µmol/ gOC). The TOC‐normalized SEM‐AVS for the 

WETSED‐1 sediment was 518 µmol/gOC, falling in the category of metals potentially being the cause of 

observed toxic effects (Table 26).   

  	

1  2  3  4  5  6  7  8  9 

Metal  MW1 
SEM 

(mg/kg) 
SEM 

(µmol/g)
AVS 

(mg/kg)
AVS2 

(µmol/g)

 
Fraction 
TOC  

Total 
ܯܧܵ െ  ܸܵܣ
(µmol/g) 

TOC‐Normalized 
ܯܧܵ െ  ܸܵܣ
(µmol/gOC) 

Cu3  63.6  36  0.6        ‐48.4   

Cd  112.4  6.6  0.1        ‐48.3   

Pb  207.2  183  0.9        ‐47.4   

Zn  65.4  4790  73.2        +25.8   

Mn  54.9  80.9  1.5        +26.7   

Total    5096.5  76.3  1570  48.9  0.052  +26.7  518 
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4.4.2 Whole	Sediment	TIE	Toxicity	Testing	
To confirm the role of metals in the toxicity predicted by the SEM/AVS model, amphipod toxicity tests 

were conducted with WETSED‐1 sediment treated with SIR‐300 cation‐resin beads.  The SIR‐300 resin 

preferentially binds cationic metals, reducing their bioavailability and resulting toxicity.  Mean 

percentage survival in the treated sediment was then compared to the untreated sample.   

A significant decrease in toxicity was observed in the SIR‐300 treated sediment, with 32% mortality in 

the SIR‐300 treatment compared to 100% mortality in the untreated WETSED‐1 sediment (Figure 4).  

Furthermore, amphipod survival in the SIR‐300 treated sample met the CSL criteria for the amphipod 

test.   

The WETSED‐1 sediment was also treated with powdered coconut charcoal to confirm that site‐related 

organics are not associated with toxicity in the WETSED‐1 sediment.  PCC binds non‐ionic organic 

contaminants.  Toxicity was not altered in the PCC treatment with 100% mortality, indicating that 

toxicity was not associated with organics (removal of organics present did not alter toxicity).  However, 

the PCC control (PCC in control sediment) also showed toxicity, with 95% mortality.  PCC has been 

shown to elicit a toxic response in some invertebrates, with the fine powder adhering to the gills and 

other external surfaces.  While PCC was added at concentrations below toxicity thresholds, effects were 

clearly present, making it difficult to distinguish between toxicity associated with PCC and that of the 

original sample.  

 

 

Figure 4.  TIE Test Results for the Whole Sediment Test with Hyalella azteca. 
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4.4.3 Porewater	TIE	Toxicity	Testing	
In order to further assess the role of metals in toxicity observed in the WETSED‐1 sediment, TIE tests 

were conducted with porewater extracted from the whole sediment.  Porewater tests have the 

advantage of focusing toxicity estimates on the more bioavailable form of contaminants of potential 

concern.  Toxicity evaluations were conducted with the two species that showed toxicity in the baseline 

tests, Hyalella azteca (96‐h endpoint) and Microtox®.  Analytical chemistry was conducted on untreated 

and treated porewater to directly measure changes in metals concentrations before and after 

treatment.  

4.4.3.1 Porewater	TIEs	
The porewater TIE study included six treatments (Table 27), including the following: 

 untreated WETSED‐1 porewater;  

 treatments to reduce metals availability (cation‐exchange resin, EDTA Low and High);  

 a treatment to reduce organics availability (solid‐phase extraction (SPE) C18 column); and, 

 a treatment to reduce particulate‐bound metals (filtration). 

Toxicity was observed in the untreated porewater in both the amphipod and Microtox® tests.  

Amphipod mortality was 100% and Microtox® showed a 66% reduction in light output, relative to the 

control. 

Treatment of the WETSED‐1 porewater with the cation‐exchange resin resulted in a significant decrease 

in toxicity for both the amphipod and Microtox® tests.  Control normalized mortality in the amphipod 

test was reduced to 44%.  While there was a significant reduction in amphipod toxicity, some toxicity 

remained in the SIR‐300 treated porewater.  Toxicity removal was complete in the Microtox® test with 

light output exceeding that of the control for both the 5‐minute and 15‐minute time interval. 

No significant differences were observed for the amphipod test in the C18, filtered porewater, and EDTA 

treatments, with 100% mortality in each treatment.  The C18 solid‐phase extraction test did not improve 

survival, a sign that organic contaminants were not a significant contributor to toxicity. Similarly, 

filtration had no effect, indicating the cause of toxicity was not bound to particles, i.e. free metal ions. 

The two concentrations of EDTA used did not reduce toxicity.  However, the EDTA preparations did not 

appear to fully dissolve making it difficult to evaluate the binding potential of these treatments. 

4.4.3.2 Porewater	Chemistry	
Cadmium and lead were not detected in the untreated porewater, indicating that while cadmium was 

observed in whole sediment at concentrations above the CSL, it was not present in the more readily 

available form.  Both manganese and zinc were observed in the untreated WETSED‐1 porewater at 

concentrations of 4.5 mg/L and 28.3 mg/L, respectively.  These results are consistent with the AVS 

binding affinity of the different metals (SEMPb>SEMCd>SEMZn), and suggest that the AVS is sufficient to 

bind both lead and cadmium, but are not sufficient to completely bind zinc.  

Treatment with the SIR‐300 cation resin reduced manganese and zinc concentrations by two orders of 

magnitude, with resulting concentrations of 0.05 mg/L Mn and 0.13 mg/L Zn.   EDTA treatments did not 
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alter the concentrations of manganese and zinc.  This may be due to insufficient dissolved EDTA in an 

effort to avoid EDTA toxicity.  There were no changes in metals concentrations with filtration, indicating 

that the manganese and zinc in the WETSED‐1 porewater were not associated with particulates.  

Table 27.  Results of Porewater Chemistry and Porewater Toxicity Tests, Agri‐Tech/YSF 2013. 

Treatment 
Cadmium 
(mg/L) 

Lead 
(mg/L) 

Manganese 
(mg/L) 

Zinc 
(mg/L) 

Hyalella  

96‐Hour 
Survival (%) 

Microtox light 
output 

5 min.  15 min.

WETSED‐1  0.002 U  0.02 U  4.49  28.3  0.0  0.88  0.63 

SIR‐300  0.002 U  0.02 U  0.053  0.13  50.0  1.04  1.04 

EDTA‐Low  0.002 U  0.02 U  4.18  26.0  0.0  ‐‐  ‐‐ 

EDTA‐High  0.002 U  0.02 U  4.36  26.9  0.0  ‐‐  ‐‐ 

C18 SPE  0.002 U  0.02 U  4.25  26.0  0.0  ‐‐  ‐‐ 

Filtered  0.002 U  0.02 U  4.37  25.8  0.0  ‐‐  ‐‐ 

U= analyte undetected at given reporting limit 
Bold: Fails SCO 

Underline: Fails SCO and CSL 

4.4.4 The	Role	of	Metals	in	Toxicity	
As indicated above, cadmium and lead were not observed in porewater at concentrations above the 

limits of detection (Cd: 2 ppb; Pb: 20 ppb).  This is well below effects levels for Hyalella azteca, as well as 

for Chironomus dilutus.  Furthermore, the preferential binding of AVS predicted that cadmium and lead 

would be present as metal‐sulfide precipitates and would not be in the more readily available dissolved 

form.   The potential for toxicity associated with particulate cadmium and lead was ruled out in the tests 

with filtered porewater samples, with no change in toxicity with the removal of particulates.   

Zinc and manganese were predicted to be available in the freely dissolved phase and were present in 

the porewater samples that were associated with toxicity.  A toxic‐unit approach was used to further 

evaluate the role of zinc and manganese in porewater toxicity and to better understand the toxicity 

remaining following SIR‐300 treatment.  The toxic unit (TU) approach compares the chemical 

concentration in a sample to a standard measure of toxicity.  Typically the toxic unit is defined as the 

median‐lethal concentration, or LC50.  For the purpose of this study, the zinc and manganese toxic units 

were defined as the respective LC50 values based toxicity data for Hyalella azteca available in the 

literature.   

For zinc, previous laboratory studies with Hyalella azteca have found the zinc LC50 to be between 

0.049 mg/L and 0.245mg/L Zn (Phipps et al 1995, Borgmann et al 2005). These studies were performed 

using differing water characteristics (e.g. hardness) as well as varying exposure durations (7‐10 days), 

providing a good approximation for the sensitivity of H. azteca to zinc. The average LC50 was 0.147mg/L 

and was used as the TUZn for this analysis.   
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The untreated porewater had a zinc concentration equivalent to 192 toxic units. This indicated that the 

untreated porewater had concentrations of zinc that were nearly 200 times higher than the LC50 and 

would be expected to cause the observed amphipod toxicity.  The SIR‐300 treated porewater had a zinc 

concentration equivalent to 0.9 toxic units, or a concentration of zinc that was very near to the median 

lethal concentration.  Indeed, the 96‐hour control‐normalized mean percent mortality in the treated 

porewater was 44%.  This analysis indicated that the concentrations of zinc in the WETSED‐1 porewater 

effectively predicted the level of toxicity observed for both the untreated and treated porewater, 

indicating that zinc was a driver of toxicity in the WETSED‐1 porewater.For manganese, previous 

laboratory studies with Hyalella azteca reported a mean LC50 of 2.77 mg/L Mn (Borgmann et al 2005) 

which was used as the TUMn for this analysis.  The untreated porewater had a manganese concentration 

equivalent to 1.6 toxic units. This indicated that the untreated porewater had concentrations of 

manganese that were similar to the LC50.  While manganese cannot be ruled out as a contributor to 

toxicity, it would not be expected to cause the level of amphipod toxicity observed in the untreated 

sample.  The SIR‐300 treated porewater had a manganese concentration equivalent to 0.02 toxic units, 

or a concentration of zinc that was two one‐hundredths of the LC50.  This analysis indicated that the 

concentrations of manganese in the WETSED‐1 porewater were not sufficient to predict toxicity in either 

the untreated and treated porewater. 

As discussed in this section, sediment processes act to sequester cationic metal either through 

precipitation as metal sulfide phases or through adsorption onto organic carbon, greatly reducing their 

bioavailability and toxicity (Gambrell 1994).  However, the extent to which cationic metal elements are 

bound and made unavailable are affected by environmental conditions.   

AVS concentrations vary seasonally, but are generally considered to decrease in the cold winter months, 

presumably due to a decrease in the generation of sulfide by sulfide‐reducing bacteria at cooler 

temperatures (Ankley et al. 1996).  Conversely higher AVS and an increased binding capacity may occur 

during warmer months due to increased production of organic matter and increased activity of sulfate‐

reducing bacterial (Herlihy and Mills 1985).  Decreases in AVS would predict an increase freely dissolved 

cationic metals.  Based on the preferential binding of sulfides, zinc would continue to be the driver in 

toxicity prior to cadmium and lead.   

Hydrogen ion activity (pH) is also an important factor in determining metals availability.  As surface 

sediments become oxidized in the spring and summer months, pH decreases resulting in the release of 

adsorbed metal ions into the dissolved phase (John and Leventhal 1995).  This release of metal ions can 

occur for Zn at moderately low pHs and may result in an increase in toxicity.  These two seasonal 

influences did not appear to alter the presence of toxicity in WETSED‐1 or the relatively low toxicity in 

sediment from WETSED‐2, with similar results being observed in 2011 and 2013 for the benthic tests 

with Hyalella and Chironomus.  The Microtox® test results in 2011 appear to have been influenced by 

extended holding times.  Differences in Chironomus toxicity tests for WETSED‐3 in 2011 and 2013 may 

be due to refinements in test methods or seasonal influences. 
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5. Summary	of	Findings	
As part of the remedial investigation of the Agri‐Tech/Yakima Steel Fabricators site in Yakima, 

Washington, ENVIRON conducted a supplemental investigation of sediments from a small wetland 

located at the south end of the site.  The purpose of this investigation were as follows: 

 Verify toxicity in the WETSED samples from each of the three stations; 

 If toxicity is confirmed, determine whether cadmium or other metals present in the wetland site 
are the likely cause; 

 If toxicity is confirmed and related to metals, determine whether a site‐specific clean‐up level 
would be appropriate. 

Physical and Chemical Characteristics of Wetland Sediments: 

The physical characteristics of the sediments collected in 2013 were similar to those collected in 2011.  

Sediment at two stations, WETSED‐2 and WETSED‐3 was predominantly fine‐grained, with 

approximately 4% TOC.  Sediment from Station WETSED‐1 was sandier in nature, with approximately 

50% fines and 5% TOC.  The area sampled was a cattail marsh, with a high amount of fine and coarse 

plant material present in the sediments.  Organic carbon was likely influenced by the presence of the 

plant material, creating elevated levels relative to grain size.   

Sediment pH based on porewater samples collected from homogenized sediment samples ranged from 

7.14 to 7.28.  However, after sediments had been held in anaerobic conditions, pH in the WETSED ‐1, 2, 

and 3 treatments dropped to pH 5.6, 7.0, and 6.8, respectively.  This may provide an indication that the 

organically enriched sediments at WETSED‐1 may alter pH and thereby affect availability of metals in this 

portion of the wetland. 

Concentrations of total metals were similar in sediment from the three stations and were similar to 

values observed during previous investigation.  Concentrations of cadmium ranged from 6.6 to 9.9 

mg/kg, exceeding the CSL of 5.4 mg/kg for cadmium.  As in the initial investigation, concentrations of 

lead and zinc were below CSL levels.  The concentration of zinc at WETSED‐3 (3,810 mg/kg Zn) was 

above the SCO (3,200 mg/kg Zn). 

Whole‐Sediment Toxicity: 

WETSED‐1 was the only test treatment that exceeded the CSL thresholds for benthic toxicity, based on 

the responses in the Hyalella azteca and Microtox® tests conducted in 2013.  Both WETSED‐2 and 

WETSED‐3 exceeded the SCO threshold for mortality in the Chironomus test.  However, the level of 

response observed in WETSED‐2 and WETSED‐3 was near the SCO threshold,was similar to that of the 

reference sediment, and was within the control performance criteria for this test.  The findings from the 

whole‐sediment toxicity tests were as follows: 

 For the amphipod test with Hyalella azteca, acute toxicity was observed in sediment from 

Station WETSED‐1, with 100% mortality; no toxicity was observed in the WETSED‐2 or 3 test 

treatments.  These results were similar to those observed during the 2011 investigation. 
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 For the Chironomus test, all test sediment met the CSL criteria for mortality and growth; all test 

treatments also met the SCO criteria for the more sensitive growth endpoint.  The SCO criteria 

for Chironomus mortality was exceeded by 2% and 5% in sediment from WETSED‐2 and 

WETSED‐3, respectively.  The mortality observed in both treatments was similar to or less than 

the mortality observed in the reference sediment used in the dilution series test and was within 

the control performance criteria for mortality (>68% survival).  With the exception of WETSED‐3, 

the responses observed in the Chironomus test in 2013 were generally similar to those of 2011.  

Mortality and growth responses were greater in the 2011 tests for WETSED‐3.  This may be due 

to the control of sources of test variability or seasonal differences in sediment characteristics. 

 For the Microtox® test, no toxicity was observed in the WETSED‐2 and WETSED‐3 test 

treatments.  Toxicity exceeding the CSL screening level was observed for the WETSED‐1 

treatment.  Tests conducted in 2011 showed toxicity in all Microtox® tests; however, this was 

likely due to longer holding times prior to analysis, which have been shown to correlate with 

increased false‐positive results (NewFields 2009).  Tests conducted in 2013 were initiated less 

than two days from sample collection in order to avoid this source of variability. 

 Total metals concentrations were not predictive to toxicity responses observed in 2013.  The 

responses did not correspond to whole sediment total metals concentrations in the three 

WETSED treatments or in the dilution series test. 

Sources of Toxicity: 

Toxicity identification evaluations conducted with treatment WETSED‐1 indicated that metals, 

specifically freely dissolved cationic metals, were associated with the observed toxicity.  The primary 

findings of the TIE evaluations were as follows: 

 The AVS:SEM and organic carbon normalized SEM‐AVS indicated that simultaneously extractable 

metals were present at concentrations exceeding the AVS binding capacity of the sediment and 

predicted that freely‐dissolved cationic metals in the sample were a potential cause of toxicity.   

 WETSED‐1 sediment treated with the cation exchange resin SIR‐300, showed a significant 

decrease in amphipod mortality and Microtox® response, suggesting that cationic metals were 

associated with the observed toxicity.  Relative to the control, the SIR‐300‐treated sediment 

passed CSL criteria.  Sediment treated with PCC did not show a change in toxicity, suggesting that 

organic COPCs were not associated with toxicity. 

 Porewater from WETSED‐1 sediment treated with the cation exchange resin SIR‐300, showed a 

significant decrease in amphipod mortality and Microtox® response, further suggesting that 

dissolved cationic metals were associated with the observed toxicity.   

 Porewater from WETSED‐1 sediment treated with filtration and with C‐18 solid‐phase extraction 

showed no change in amphipod mortality, indicating that particulates and organic COPCs, 

respectively were not related to toxicity.  EDTA‐treated porewater also showed no change in 

amphipod mortality.  However, the analytical chemistry demonstrated that metals 

concentrations were unaffected by the EDTA treatment; therefore, this TIE manipulation could 

not be used to formulate conclusions regarding porewater toxicity. 
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The Role of Metals in Observed Toxicity 

Toxicity observed during the 2013 tests was primarily due to zinc and potentially manganese.  Cadmium 

and lead did not appear to be related to the observed toxicity.  The primary findings related to the role 

of metals in the observed toxicity were as follows: 

 TIE results indicated that freely dissolved metals were mostly likely associated with toxicity (as 

stated above). 

 The AVS:SEM preferential binding affinities of the cationic metals predicted that cadmium and 

lead would be entirely bound to AVS and would not be present in the more toxic dissolved form.  

Both zinc and manganese were predicted to be present in the more bioavailable, dissolved 

phase. 

 Cadmium and lead were not detected in the porewater samples; zinc and manganese were 

detected in porewater samples. 

 Treatment of the porewater with the cation resin SIR‐300 effectively removed both zinc and 

manganese, decreasing the concentrations by two orders of magnitude.  Toxicity was also 

reduced in the SIR‐300 treated porewater as a direct result of the SIR‐300. 

 The concentration of zinc in the SIR‐300 treated porewater predicted the magnitude of toxicity 

observed in the treated porewater (0.9 TU).  Zinc is likely to be a primary driver in toxicity. 

 Manganese concentrations were also decreased with SIR‐300 treatment, but remaining Mn 

concentrations were well below those that would predict biological effects (0.02 TU). 

Manganese was not likely to have been primary driver in toxicity. 

 Seasonal site conditions may alter the concentrations of dissolved cationic metals.  However, 

zinc is the most likely driver of toxicity based on the corresponding binding affinities and the 

SEM concentrations of zinc. 

Based on the findings of the investigation work herein, no CSL exceedances for biological criteria were 

observed at Stations WETSED‐2 and WETSED‐3.  Acute toxicity exceeding the CSL criteria was observed 

in sediment from Station WETSED‐1.  TIE evaluations of both sediment and porewater indicate that 

metals, specifically cationic metals were associated with the observed responses.  Concentrations of 

metals observed in the WETSED‐1 porewater and correlation analysis using a toxic unit approach 

indicate that zinc is the likely contributor to toxicity.  The adjacent Bay Chemical Site is a known source 

of zinc in soil and groundwater resulting from former operations at that site.  A source of a release of 

zinc has not been identified on the Agri‐Tech/Yakima Steel Fabricators site.   
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1.0 INTRODUCTION 
 
On May 23rd, 2011 Test America collected freshwater sediments for biological testing.  Test 
America contracted with Nautilus Environmental to provide toxicity-testing services for the 
project.  The three sediment samples selected for testing included samples E-WetSed-1-052311 
(WETSED-1), E-WetSed-2-052311 (WETSED-2), and E-WetSed-3-052311 (WETSED-3).  No 
reference sample was collected in conjunction with this project.  The freshwater sediment 
samples were tested for toxicity using the Chironomus dilutus (aka tentans) 20-day survival and 
growth bioassay (USEPA 2000 and ASTM 2000), the Hyalella azteca 10-day survival bioassay 
(USEPA 2000 and ASTM 2000), and the 15-minute 100 percent porewater Microtox® bacteria 
bioluminescence test.  All tests met negative and positive control criteria. 
 
Results were evaluated by comparing test data to the criteria in the Sediment Evaluation 
Framework for the Pacific Northwest (RSET 2009) guidance document.  C. dilutus, H. azteca, and 
Microtox results were compared to control results, and examined for statistically significant 
effects (α = 0.05).  Acceptability criteria from the literature are summarized in Table 1. 
 
Table 1 Acceptability criteria for bioassays 

Test Type C. dilutus 20-Day H. azteca 10-Day Microtox  
Endpoint Survival and Growth Survival  Luminescence 
Source RSET 2009 RSET 2009 RSET 2009 
Test Criteria One-hit failure is mortality > 

control mortality + 25% and/or 
biomass <60% of control biomass 
and significant difference 
 
Two-hit failure is mortality > 
control mortality + 15% and/or 
biomass <75% of control biomass 
and significant difference 

One-hit failure is mortality > 
control mortality + 25% and 
significant difference 
 
 
Two-hit failure is mortality > 
control mortality + 10% and 
significant difference 

One-hit failure is 
Luminescence <75% of 
control luminescence and 
significant difference 
 
Two-hit failure is 
Luminescence <85% of 
control luminescence and 
significant difference 

Control 
Criteria 

Negative control ≤32% mortality 
and growth ≥0.48 mg/ind. ash-
free dry weight 

Negative control ≤20% 
mortality  

Negative control final light 
output > 72% of initial 
output 
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2.0 SAMPLES 
 
Upon receipt of samples from Test America, samples were matched with the chain-of-custody 
form and inspected.  Samples were stored at 4 ± 2°C in the dark prior to test initiation.  Toxicity 
tests were initiated within 2 weeks of collection (Table 2).  Total ammonia levels in the 
porewater ranged from <1.0 to 2.7 milligrams per liter (mg/L).  Both overlying ammonia and 
sulfides were also measured during testing, and the results are reported in the QA/QC sections 
for each test.   
 
Table 2 Summary of sample collection and test initiation dates 

Sample ID Collection Date Microtox Test 
Initiation Date 

H. azteca Test 
Initiation Date 

C. dilutus Test 
Initiation Date 

E-WetSed-1-
052311 

E-WetSed-2-
052311 

E-WetSed-3-
052311 

May 23, 2011 June 6, 2011 June 7, 2011 June 9, 2011 

 
3.0 CHIRONOMUS DILUTUS TEST 
 
3.1 Methods 
 
C. dilutus were exposed to test sediments for 20 days to determine the effects of site sediment on 
survival and growth.  These tests were conducted according to methods presented in USEPA 
(2000) and ASTM (2000), and are summarized in Table 3. 
  
C. dilutus egg cases were obtained from Aquatic BioSystems (Fort Collins, Colorado) and 
arrived at the laboratory on June 8, 2011.  The egg cases were transported in insulated 
containers in oxygen-saturated water contained in 500-mL plastic bottles.  Upon arrival at the 
laboratory, water quality parameters were measured and observations of organism condition 
were made.  The egg cases were 20°C at receipt, and were cultured at 23°C.  The organisms 
emerged from the egg cases on June 9th and tests were initiated the same day.   
 
One day prior to test initiation (Day –1), the sediment samples were homogenized, 100-ml of 
sediment was distributed to each of eight labeled test chambers for each of the samples, and 
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175-ml diluted mineral water (prepared by diluting two parts Perrier® into eight parts 
deionized water) was added to each container.  Control sediment consisted of clean, rinsed 
silica sand (50/50 mix of #30 and #70) mixed with peat moss (1/2 Tbsp) that was rinsed 
overnight in diluted mineral water.  Eight test chambers were also prepared for the control 
sediment.  An additional replicate was included for each sediment sample and the control 
sediment as a sacrificial test chamber for routine water quality measurements.   
 
The test chambers were randomized and the sediments were left to settle overnight.  On Day 0, 
overlying ammonia, sulfide, hardness, alkalinity, dissolved oxygen (DO), pH, conductivity, and 
temperature were measured.  Twelve organisms were directly added to each test chamber, in 
random order.   
 
Each test chamber was provided 1.5 mL of food daily (after the second renewal) starting on Day 
-1.  The food consisted of a mixture of 4 g ground Tetrafin® flakes mixed with 1 L diluted 
mineral water.  The feeding regime was reduced if the presence of excess food was observed on 
the sediment surface in several test chambers, which occurred on Day 8 only.  Abnormal 
conditions or unusual animal behavior, if observed, were noted daily. 
 
Temperature, DO, pH, and conductivity were monitored daily in the water quality replicate for 
each sample, while alkalinity, hardness, ammonia and sulfides were measured on Days 5, 10, 
and 15.  Water was renewed twice daily.    
 
At test termination, subsamples of overlying water were collected from each water quality 
replicate for ammonia, hardness, alkalinity, and sulfide analyses. The contents of each test 
chamber were gently mixed to suspend the sediment and poured through a 0.5-mm Nitex 
screen.  The sediment was rinsed through the screen using dechlorinated tap water.  Animals 
were removed from the screen and the number of survivors counted and recorded.  Presence of 
pupae, flies, or exuviae (molts) were noted.  The larvae were rinsed with deionized water and 
placed into pre-ashed, pre-weighed weigh boats.  The weigh boats were placed in an oven at 
60°C for at least 24-hours, then placed in a dessicator until dry weight could be measured.  The 
weigh boats were then placed in a muffle furnace at 550°C for two hours, placed in a dessicator 
to cool, then weighed again to determine the ash weight.  The ash weight was subtracted from 
the dry weight to determine the ash-free dry weight (AFDW).  The number and AFDW of 
surviving chironomids were evaluated statistically by one-tailed t-test, or one-tailed Mann-
Whitney U-test, as appropriate, to determine whether the samples exhibited a significant 
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decrease in survival or growth relative to the control (p<0.05).  Survival data were arcsine 
transformed, while growth data was either square root or log transformed as needed to stabilize 
the variances and improve normality of the data prior to performing the t-test.  Data that failed 
to meet parametric assumptions even after transformations were analyzed with the non-
parametric Mann-Whitney U-test.  Site performance was evaluated against the sediment 
acceptability criteria outlined in RSET 2009 (Table 1).  The criteria for acceptable test 
performance were an average of ≤32 percent mortality of control organisms, and an average of 
at least 0.48 mg/individual AFDW per surviving control organism. 
 
A 96-hour reference toxicant test using copper chloride (CuCl2) was conducted concurrently 
with the tests on the sediments to determine whether the sensitivity of the test organisms was 
appropriate.  This test was run with four replicates, ten animals per replicate, in diluted mineral 
water at 23°C, with a small amount of clean control sand as a substrate. Tetrafin® slurry (1.25 
mL of 4 g/L Tetrafin) was added to each chamber on days 0 and 2. 
 
Table 3 Summary of methods for the 20-day test with Chironomus dilutus 

Test initiation date June 9, 2011 
Test termination date June 29, 2011 
Test organism source Aquatic BioSystems; Fort Collins, Colorado 
Organism age at test initiation < 4 hours post-emergence from egg case 

1.5 mL of 4.0 g/L Tetrafin mixture every day; 
frequency reduced if excess food observed 

Feeding 

Test chamber 475-mL glass beaker 
Test sediment volume 100 mL 
Dilution water type & volume 175 mL diluted mineral water  
Water renewal Twice daily 
Control sediment Sand mixed with peat (1/2 Tbsp) 
Number of organisms/replicate 12 
Number of replicates/sample 8 plus water quality surrogates 
Test temperature 23± 1ºC 
Illumination 16 hours light : 8 hours dark 
Aeration Started on Day 13 
Reference toxicant Copper chloride 
Acceptability Criteria ≤32% mortality, 0.48 mg/individual AFDW 
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3.2 Results 
 
The results of toxicity tests conducted using C. dilutus are provided in Table 4.  Statistics were 
conducted using Biostat software, which follows the flowchart recommended by RSET.  
Comparisons are shown to the control.  A detailed summary of results is provided in Appendix 
A.  Summary and detailed statistical analyses for endpoint measurements are provided in 
Appendix B.  Summaries of water quality data are provided in Appendix C.  Benchsheets are 
provided in Appendix D. 
 

Table 4 Results of Chironomus dilutus tests.  Samples with statistically reduced 
survival or growth are underlined, and values failing two-hit RSET criteria 
are shaded gray, while samples failing one-hit RSET criteria are bold.1, 2  

Sample Percent Mortality 
(Mean ± SD) 

Mortality Percent 
Difference From 

Ash-Free Dry Weight 
per Org (mg) 

Ash-Free Dry Weight 
Percent of Control 

Control 6.3 ± 7.4 -- 0.91 ± 0.11 -- 
WETSED-1 20.8 ± 21.4 14.6 1.11 ± 0.46 123 
WETSED-2 24.0 ± 12.9 17.7 0.87 ± 0.22 96 
WETSED-3 63.5 ± 31.2 57.3 0.60 ± 0.57 66 

1Criteria for one-hit failure is significant decrease in mortality (p<0.05), and mortality greater than 25% of control 
(RSET 2009), 2Criteria for two-hit failure is significant decrease in mortality (p<0.05), and mortality greater than 15% 
of control (RSET 2009) 

 
3.3 QA/QC 
 
The C. dilutus were received in good condition for the June 9, 2011 test. All water quality 
parameters remained within acceptable ranges throughout the tests. A summary of the water 
quality parameters is presented in Table 5. Dissolved oxygen levels were decreased to a level on 
concern on day 13, and all replicates were aerated from that point forward. There were no 
deviations from the protocols. The toxicity test for mortality with this species met the control 
acceptability criterion (<32 percent mortality; >0.48 mg/ind AFDW). 
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Table 5 Summary of water quality parameters for C. dilutus tests (means and ranges). 
Required values are shown in brackets. 

Analyte Control WETSED-1 WETSED-2 WETSED-3 
 Mean  

(Min-Max) 

Temp. (°C)  [23 ± 1°C] 22.0 
(21.7-22.2) 

22.0 
(21.8-22.2) 

21.9 
(21.7-22.1) 

21.9 
(21.7-22.1) 

DO (mg/L) [>2.5 mg/L] 6.7 
(3.3-9.0) 

6.7 
 (3.5-9.0) 

7.1 
(5.2-9.1) 

7.0 
(5.2-9.0) 

pH [6-9] 7.34 
(6.58-7.99) 

7.18 
(6.43-7.89) 

7.13 
(6.46-7.80) 

7.35 
(6.80-7.99) 

Cond. (μS/cm) [NA] 208 
(127-296) 

180 
(149-227) 

249 
(158-413) 

251 
(192-382) 

Alkalinity (mg/L 
CaCO3) [<50% variable] 

58 
(48-72) 

65 
(60-68) 

69 
(64-72) 

85 
 (80-88) 

Hardness  (mg/L 
CaCO3) [<50% variable] 

83 
(80-88) 

98 
(80-108) 

195 
(84-228) 

122 
(100-140) 

Total Overlying NH3 
(mg/L) [<50% variable] 

1.6 

(1.1-1.7) 
1.2a 

(<1.0-1.3) 
1.3a 

(<1.0-1.3) 
<1.0 

(<1.0-<1.0) 
Total Overlying Sulfides 
(mg/L) [NA] 

0.035a

(<0.010-0.058) 
0.028a

(<0.010-0.054) 
0.044a 

(<0.010-0.044) 
0.020a 

(<0.010-0.021) 
a estimated value 

 
The result of the reference toxicant test conducted in conjunction with this testing program is 
provided in Table 6.  Bench sheets and control charts are provided in Appendix E.  This test was 
run with the same batch of organisms used in the testing program.  The result of this test fell 
within the range of mean ± two standard deviations of historical results, indicating that the 
sensitivity of the test organisms was appropriate. 
 

Table 6 C. dilutus reference toxicant test results. 

Species Test date Toxicant LC50 Acceptable 
Range  

CV 
(%) 

Chironomus dilutus June 23, 2011 Cu 571 μg/L 401 – 1070 μg/L 22.7 

 
3.4 Discussion 
 
Mortality in the samples ranged from 20.8 to 63.5 percent, compared with 6.3 percent in the 
control.  Sediment samples WETSED-2 and WETSED-3 were significantly different from control 
and were more than 15 percent higher than the control, failing the two-hit criterion for survival. 
WETSED-3 was also more than 25 percent higher than the control, failing the one-hit criterion 
for survival.  Survival in WETSED-1 was not significantly different from the control, due to high 
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variability in the sample.  Growth in the samples ranged from 0.60 to 1.11 mg/individual 
AFDW, compared with 0.91 mg/individual AFDW in the control.  Growth in sample WETSED-
1 was greater than the control.  Growth in WETSED-2 and WETSED-3 was not significantly 
different from the control. Therefore none of the sites fail either the one- or two-hit failure 
requirements. 
 
The total ammonia level reached 1.3 mg/L in the test sediments, which was well below the 
reported 4-day lethal concentration for 50% of test organisms (LC50) range for C. dilutus of 82 to 
370 mg/L (USEPA 2000). While sulfide toxicity thresholds are not available for this species, they 
were measured as part of the Ecology reference site study (Nautilus 2008), and samples with 
porewater sulfide values similar (0.226 to >0.600 mg/L) to the values found in the current study 
(0.010 to 0.054 mg/L) did not result in measurable effects. Therefore, it is unlikely that ammonia 
or sulfide levels caused the observed increases in mortality in the test sediments. 
 
4.0 HYALELLA AZTECA TEST 
 
4.1 Methods 
 
H. azteca were exposed to test sediments for 10 days to determine the effects of site sediments on 
survival.  These tests were conducted according to methods presented in USEPA (2000) and 
ASTM (2000), and are summarized in Table 7.   
  
H. azteca were obtained from Aquatic Indicators (St. Augustine, Florida) and arrived at the 
laboratory on June 2, 2011.  The organisms were transported in insulated boxes in oxygen-
saturated water contained in plastic bags with fine screens as a substrate.  Upon arrival at the 
laboratory, water quality parameters were measured and observations of animal condition were 
made.  The organisms were acclimated to test conditions prior to test initiation over a 96-hour 
time period.  During the acclimation period, the animals were observed for any indication of 
stress or significant mortality and any observations were recorded.   
 
One day prior to test initiation (Day –1), the sediment samples were homogenized, 100-ml 
sediment was distributed to each of eight labeled test chambers for each of the samples, and 
175-ml diluted mineral water (prepared by diluting two parts Perrier® into eight parts 
deionized water) was added to each container.  Control sediment consisted of clean, rinsed 
silica sand (50/50 mix of #30 and #70) mixed with peat moss (1/2 Tbsp) that was rinsed 

Washington Laboratory 

  



Toxicity Evaluation of Test America Sediments 
June 2011 

 

Nautilus Environmental                                                    8

overnight in diluted mineral water.  Eight test chambers were also prepared for the control 
sediment. An additional replicate was included for each sediment sample and the control 
sediment as a sacrificial test chamber for routine water quality measurements.  
 
The test chambers were randomized and the sediments were left to settle overnight.  On Day 0, 
overlying ammonia, sulfide, hardness, alkalinity, dissolved oxygen (DO), pH, conductivity, and 
temperature were measured.  Organisms were carefully separated into groups of 10 amphipods 
in 30 mL cups containing diluted mineral water.  The number of organisms was then recounted 
and any animals exhibiting signs of stress were replaced.  The organisms were then gently 
added to the test chambers, two cups for each test chamber for a total of 20 organisms per 
chamber.   
 
Temperature, DO, pH, and conductivity were monitored daily in the water quality replicate for 
each sample, while overlying ammonia, sulfide, hardness, and alkalinity were monitored on 
Day 5.  Water was renewed twice daily in all chambers. Abnormal conditions or unusual animal 
behavior, if observed, were also noted daily.  Each test chamber was fed 1 ml of Yeast Trout 
Chow (YTC) daily after the second renewal. 
 
At test termination, subsamples of overlying water were collected for ammonia, hardness, 
alkalinity, and sulfides analyses, from each water quality replicate.  The contents of each test 
chamber were gently mixed to suspend the sediment and poured through a 0.5-mm Nitex 
screen.  The sediment was rinsed through the screen using dechlorinated tap water.  The screen 
was then placed in diluted mineral water and the number of survivors counted and recorded.  
The number of surviving amphipods was evaluated statistically by one-tailed t-test, or one-
tailed Mann-Whitey U-test, as appropriate, to determine whether the samples exhibited a 
significant decrease in survival relative to the control (p<0.05).  Survival data was arcsin 
transformed as needed to stabilize the variances and improve normality of the data.  Site 
performance was evaluated against sediment acceptability criteria outlined by the Northwest 
Regional Sediment Evaluation Framework (RSET 2009), as presented in Table 1. 
 
A 96-hour reference toxicant test using copper chloride (CuCl2) was conducted concurrently 
with the sediment tests to determine whether the sensitivity of the test organisms was within 
the range typically observed.  The test was run with four replicates, ten animals per replicate, in 
diluted mineral water with a square of nitex screen as a substrate.   
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Table 7 Summary of methods for the 10-day test with Hyalella azteca. 

Test initiation date June 7, 2011 
Test termination date June 17, 2011 
Test organism source Aquatic Indicators, St. Augustine, Florida 
Organism age at test initiation 8 days 
Feeding 1 ml of YTC daily 
Test chamber 475-ml glass beaker 
Test sediment volume 100 ml 
Dilution water type & volume 175 ml diluted mineral water 
Water renewal Twice daily 
Control sediment Sand mixed with peat (1/2 Tbsp) 
Number of organisms/replicate 10 
Number of replicates/sample 8 plus water quality surrogate  
Test temperature 23 ± 1ºC 
Illumination 16 hours light: 8 hours dark 
Aeration None 
Reference toxicant Copper chloride 
Acceptability criterion for control ≥80% survival 

 
4.2 Results 
 
The results of toxicity tests conducted using H. azteca are provided in Table 8.  Statistics were 
conducted using Biostat software, which follows the flowchart recommended by RSET.  
Comparisons are shown to the control.  A detailed summary of results is provided in Appendix 
A.  Summary and detailed statistical analyses for endpoint measurements are provided in 
Appendix B.  Summaries of water quality data are provided in Appendix C.  Benchsheets are 
provided in Appendix D. 
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Table 8 Results of Hyalella azteca tests. Samples with statistically reduced survival 
or are underlined, and values failing two-hit RSET criteria are shaded gray, 
while samples failing one-hit RSET criteria are bold.1, 2

Sample 
Percent Mortality 

(Mean ± SD) 
Mortality Percent Difference 

from Control 

Control 1.3 ± 2.3 -- 
WETSED-1 100 ± 0.0 98.7 
WETSED-2 13.8 ± 11.6 12.5 
WETSED-3 3.8 ± 4.4 2.5 

1Criteria for one-hit failure is significant decrease in mortality (p<0.05), and mortality greater than 25% of control 
(RSET 2009), 2Criteria for two-hit failure is significant decrease in mortality (p<0.05), and mortality greater than 10% 
of control (RSET 2009) 

4.3 QA/QC 

The H. azteca were received in good condition and the toxicity tests with this species met the 
control acceptability criterion (<20 percent mortality).  A summary of the water quality 
parameters is provided in Table 10. All water quality parameters remained within acceptable 
ranges throughout the tests. Instead of the 10 animals per replicate required by the protocol, 20 
animals were added to each replicate. As the controls still met acceptability criteria and water 
quality stayed within ranges for the test, this deviation is not expected to have affected the 
results. There were no other deviations from the protocol. 
 
Table 9 Summary of water quality parameters for H. azteca analyses (means and 

ranges). Required values are shown in brackets. 

Analyte Control WETSED-1 WETSED-2 WETSED-3 
 Mean  

(Min-Max) 
Temp. (°C)   
[23 ± 1°C] 

22.3 
(21.9-23.4) 

22.2 
(21.9-23.3) 

22.2 
(21.9-23.3) 

22.2 
(21.8-23.2) 

DO (mg/L) 
[>2.5 mg/L] 

7.0 
(5.8-8.4) 

6.3 
(5.4-7.3) 

6.4 
(5.4-7.2) 

6.5 
(5.6-7.3) 

pH 
[6-9] 

7.26 
(6.50-7.79) 

6.83 
(6.22-7.20) 

6.83 
(6.35-7.18) 

7.01 
(6.63-7.37) 

Cond. (μS/cm) 
[NA] 

172 
(145-189) 

188 
(164-262) 

283 
(190-418) 

223 
(159-343) 

Alkalinity (mg/L CaCO3) 
[<50% variable] 

52 
(44-60) 

67 
(60-72) 

75 
(64-80) 

72 
(68-76) 

Hardness  (mg/L CaCO3) 
[<50% variable] 

69 
(60-76) 

129 
(124-132) 

199 
(192-204) 

180 
(172-188) 

Total Overlying NH3 
(mg/L) [<50% variable] 

1.0a

(<1.0-<1.0) 
1.0a

(<1.0-1.0) 
1.0a

(<1.0-<1.0) 
1.0a

(<1.0-<1.0) 
Total Overlying Sulfides 
(mg/L) [<50% variable] 

0.091a

(<0.010-0.125) 
0.114 

(0.014-0.293) 
0.058 

(0.012-0.126) 
0.091a

(<0.010-0.107) 
aestimated value 
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The result of the reference toxicant test conducted in conjunction with this testing program is 
provided in Table 10.  Bench sheets and control charts are provided in Appendix E.  This test 
was run with the same batch of organisms used in the testing program.  The result of this test 
fell within the range of mean ± two standard deviations of historical results, indicating that the 
sensitivity of the test organisms was appropriate. 
 

Table 10 H. Azteca reference toxicant test results. 

Species Test date Toxicant LC50 Acceptable 
Range  

CV 
(%) 

Hyalella azteca June 2, 2011 Cu 188 μg/L 0 – 1360 μg/L 74.6 

 
 
4.4 Discussion 
Mortality in the samples ranged from 3.8 to 100 percent, compared with 1.3 percent in the 
control.  Sediment samples WETSED-1 and WETSED-2 were significantly different from control 
and were more than 10 percent higher than the control, failing the two-hit criterion for survival. 
WETSED-1 was more than 25 percent higher than the control, failing the one-hit criterion for 
survival.   
 
5.0 MICROTOX® TEST 
 
5.1 Methods 
The luminescent marine bacterium Vibrio fischeri was used as the test organism for the Microtox 
test.  The bacteria were exposed to porewater extracted from sediment samples and light 
readings were measured after 5 and 15 minutes of exposure.  Test equipment included the 
Microtox Model 500 Analyzer, which measures light output and is equipped with a 15ºC 
chamber to maintain test temperature in the samples and a 4ºC chamber to keep the rehydrated 
bacteria chilled.   
 
Vials of freeze-dried bacteria (Microtox® Acute Reagent Lot #s 10K1032, expiration date 
10/2012) were obtained from Strategic Diagnostics, Inc. and stored at -20°C until use.  On the 
day of the test, a vial was rehydrated with 1.0 ml of Microtox Reconstitution Solution, mixed 
thoroughly, and allowed to equilibrate for 30 minutes at 4°C.  The bacteria were used within 2 
hours of rehydration. 
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The tests were conducted in accordance with Ecology (2008) test protocol; these methods are 
summarized in Table 11.  Approximately 50 ml of porewater was extracted from each sample by 
centrifuging for 30 minutes at 4500 G.  Each porewater extract was adjusted to a salinity of 20 
parts per thousand (ppt) with Crystal Sea Marine Mix artificial seasalt.  The DO ranged from 7.2 
to 8.2 mg/L in the adjusted samples. Since the DO in each sample was between 50 and 100 
percent saturation (5.0 to 10.2 mg/L), the samples did not require aeration.  The pH was 
adjusted to 7.8 to 8.2 using NaOH or HCl.  None of the porewater samples were diluted below 
90 percent. The control was deionized water adjusted to 20 ppt with artificial seasalt.  Each 
porewater was tested within 3 hours of extraction. 
 
Tests were conducted using five replicates.  Disposable glass cuvettes were placed in the 
Microtox test wells and 1 ml of salinity-adjusted porewater was added.  The rehydrated bacteria 
(reagent) were thoroughly mixed and 10 μl was added to each test cuvette, with mixing after 
each addition.  After an initial incubation period of 5 minutes, the control cuvette was placed in 
the read chamber of the Microtox Analyzer to set the instrument.  Initial light readings (I0) were 
then taken by placing each cuvette in the read chamber of the Microtox Analyzer and 
measurements were recorded on a data sheet.  Light output was measured at 5 minutes (I5) and 
15 minutes (I15) of exposure after the initial light reading (I0).   
 
Test acceptability criteria were final mean control light output greater than or equal to 72 
percent of initial control mean output, and test mean output not greater than 110 percent of 
control mean output.  The data were evaluated statistically by conducting one-tailed t-tests or 
Mann-Whitney U-tests on the change in output over time for test sediment porewaters 
compared to the control porewater (where light output was lower than the control).  Sediment 
performance was evaluated against sediment acceptability criteria outlined by the Northwest 
Regional Sediment Evaluation Framework (RSET 2009), as presented in Table 1.  
 
A reference toxicant test using phenol was conducted in conjunction with the sediment tests to 
ensure that the sensitivity of the test was within the acceptable range of historical values 
determined in this laboratory. 
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Table 11 Summary of methods for the Microtox test. 

Test dates June 6, 2011 
Test organism source Strategic Diagnostics 
Batch number and expiration date Lot#10K1032, Expiration 10/2012  
Control Saltwater (20 ppt) prepared with Crystal Sea artificial seasalt 
Sample preparation Centrifugation at 4500 G for 30 minutes; salinity adjustment to 

20 ppt using Crystal Sea salt; pH adjustment to 7.8-8.2 ppt; DO 
5.0 to 10.2 mg/L 

Test chamber Glass cuvette 
Test volume 1 mL 
Volume of inoculum/replicate 10 μL 
Number of replicates/sample 5 
Test temperature 15 ± 1ºC 
Aeration None 
Reference toxicant Phenol 

Final control light output ≥72% initial; test output ≤110% 
control 

Acceptability criteria 

 
5.2 Results 
The results of toxicity tests conducted using Microtox are provided in Table 12.  Statistics were 
conducted using Biostat software, which follows the flowchart recommended by RSET. 
Comparisons are shown to the control. A detailed summary of results is provided in Appendix 
A. Summary and detailed statistical analyses for endpoint measurements are provided in 
Appendix B. Summaries of water quality data are provided in Appendix C. Benchsheets are 
provided in Appendix D. 
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Table 12 Results of Microtox tests.  Samples with statistically reduced luminescence 
are underlined, and values failing two-hit RSET criteria are shaded gray, 
while samples failing one-hit RSET criteria are bold.1, 2

Sample 5 minute reading 15 minute reading

 
Mean % of initial 

light output 

Significantly 
different relative 

to the control 

Mean % of initial 
light output 

Significantly 
different relative to 

the control 
Control 96 ± 3 -- 84 ± 3 -- 
WETSED-1 68 ± 4 Yes 17 ± 1 Yes 
WETSED-2 72 ± 1 Yes 25 ± 1 Yes 
WETSED-3 81 ± 1 Yes 35 ± 2 Yes 
1Criteria for one-hit failure is luminescence less than 75% of control luminescence and significant difference (RSET 
2009); 2Criteria for two-hit failure is luminescence less than 85% of control luminescence and significant difference 
(RSET 2009) 
 

5.3 QA/QC 
A summary of the water quality parameters for the Microtox tests is provided in Table 13. The 
Microtox tests met control acceptance criteria and there were no deviations from protocol.  
 

Table 13 Summary of sites water quality parameters for Microtox analyses  

Analyte Mean 
(st.dev) Minimum Maximum Number of 

Readings 
Met 

Requirements 
Initial Salinity (ppt) 1.1 (0.3) 0.8 1.3 3 N/A 
Final Salinity (ppt) 19.9 (0.4) 19.5 20.2 3 Y 
Initial DO (mg/L) 7.3 (0.2) 7.2 7.5 3 N/A 
Final DO (mg/L) 7.3 (0.2) 7.2 7.5 3 Y 
Initial pH 7.5 (0.4) 7.2 7.9 3 N/A 
Final pH 7.9 (0.02) 7.9 7.9 3 Y 
Final Concentration (%) 99.9 (0.0) 99.0 100 3 Y 
Total NH3 (mg/L) 2.0 (1.0)1 <1.0 2.7 3 N/A 
1estimated value 

 
Results of the reference toxicant test conducted in conjunction with this testing program are 
provided in Table 14.  Bench sheets and control charts are provided in Appendix E. The test was 
run with the same batch of organisms used in the testing program. The results of this test fell 
within the range of mean ± two standard deviations of historical results, indicating that the 
sensitivity of the test organisms was appropriate. 
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Table 14 Microtox reference toxicant test results. 

Species Test date Toxicant EC50 
Acceptable 
Range  
(mean ±  2 S.D.) 

CV 
(%) 

Microtox June 6, 2011 Phenol 5 min: 19.6 mg/L 
15 min: 40.9 mg/L 

5 min:  
24.2 – 55.1 
15 min: 
31.0 – 92.2 

 
19.5 
 
24.8 

5.4 Discussion 
Change in light output in the samples at 15 minutes ranged from 17 to 35 percent, compared 
with 84 percent in the controls.  Samples WETSED1, WETSED2, and WETSED3 were all 
significantly different from the controls and had luminescence less than 75% of controls, failing 
the one-hit criteria for luminescence.   
 
6.0 CONCLUSIONS 
 
WETSED-1 failed the one-hit criterion for H. azteca survival and the one-hit criterion for 
Microtox luminescence, but did not have a hit in the C. dilutus survival or growth criterion 
(RSET 2009).  WETSED-2 failed the two-hit criterion for C. dilutus and H. azteca survival, and 
failed the one-hit criterion for Microtox luminescence (RSET 2009).  WETSED-3 failed the one-
hit criterion for C. dilutus survival and Microtox luminescence (RSET 2009).   
 
Table 15 One-hit/Two-hit criteria summary results table 

Site 
C. dilutus 
Survival 

C. dilutus 
Growth 

H. azteca 
Survival 

Microtox 
Luminescence 

WETSED-1 None None One-hit One-hit 
WETSED-2 Two-hit None Two-hit One-hit 
WETSED-3 One-hit None None One-hit 
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Appendix C.1 

10‐Day Solid‐Phase Test with Hyalella azteca 
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Organism: Hyalella azteca (Freshwater Amphip

Protocol: EPA/600/R-99/064 (2000)

Material: Total Ammonia

Endpoint: Proportion Survived Source: Reference Toxicant-REF

Test Type: Survival

 -1s Warning Limit: 7.417

+1s Warning Limit: 19.81

 -2s Action Limit: 1.222

+2s Action Limit: 26

Mean: 13.61

CV: 45.50%Sigma: 6.195

Count: 6

Reference Toxicant 96-h Acute Survival Test All Matching Labs

Year QC Data

Quality Control Data

Month Day Delta Sigma Warning Action Test ID Analysis ID LaboratoryPoint Time

2009 9.69Dec 11 -3.92 -0.6328 06-0392-7981 04-0353-3462 NewFields1 16:05

2011 23.15Mar 18 9.544 1.541 (+) 14-6934-6989 08-7287-0236 NewFields2 17:40

2012 17.06Sep 12 3.451 0.5571 15-6980-0340 09-8032-3348 NewFields3 15:30

2013 15.85Jul 2 2.238 0.3612 14-0245-1637 17-3940-1363 NewFields4 16:54

6.435Oct 11 -7.175 -1.158 (-) 02-6747-8290 14-5731-2244 NewFields5 16:30

9.487Nov 5 -4.123 -0.6656 00-2973-8704 14-7798-0524 NewFields6 14:15

1.461Dec 13 -12.15 -1.961 (-) 18-8979-3951 13-5696-3347 NewFields7 16:00

CETIS™ v1.8.7.16000-173-187-3 QA:________Analyst:________



Report Date: 05 Aug-14 09:54 (p 1 of  2)

Test Code: 70A3F79F | 18-8979-3951
CETIS Analytical Report

Reference Toxicant 96-h Acute Survival Test NewFields

Analyzed: 03 Jan-14 10:59

Endpoint: Proportion Survived CETIS Version: CETISv1.8.6Analysis ID: 01-5892-6385

Analysis: Parametric-Multiple Comparison Official Results: Yes

Sample ID: 17-4447-7814

Sample Date: 27 Sep-11

Receive Date: 27 Sep-11

Code: 67FA9E76

Sample Age: 808d  16h

Source: Reference Toxicant

Station: p110927.179

Client: Internal Lab

Project: Reference ToxicantMaterial: Total Ammonia

Batch ID: 09-4030-4577

Start Date: 13 Dec-13 16:00

Ending Date: 17 Dec-13 14:05

Test Type: Survival

Duration: 94h

Protocol: EPA/600/R-99/064 (2000) Diluent: Diluted Mineral Water

Brine: Not ApplicableSpecies: Hyalella azteca

Source: Aquatic Biosystems, CO

Analyst:

Age:

Test Stat Critical P-Value Decision(α:5%)MSDvsControl C-mg/L

Dunnett T3 Multiple Comparison Test

DF P-Type

9.523 2.335 0.269 0.0011 Significant EffectDilution Water 4.35* 3 CDF

PMSDAlt  HypData Transform Zeta Trials Test ResultSeed

18.8%C > TNAAngular (Corrected) NA Fails proportion survivedNA

ANOVA Table

Source Sum Squares Mean Square DF F Stat P-Value Decision(α:5%)

Between 1.806068 1.806068 1 90.68 0.0007 Significant Effect

Error 0.07966898 0.01991724 4

1.885737 5Total

Distributional Tests

Attribute Test Test Stat Critical P-Value Decision(α:1%)

3.499 199 0.4445 Equal VariancesVariance Ratio FVariances

0.836 0.43 0.1207 Normal DistributionShapiro-Wilk W NormalityDistribution

Mean Min MaxMedianCountControl Type Std ErrC-mg/L CV% %Effect95% LCL 95% UCL

Proportion Survived Summary

0.9667 0.9 110 3Dilution Water 0.03333 5.97% 0.0%0.8232 1

0.06667 0 0.204.35 3 0.06667 173.2% 93.1%0 0.3535

0 0 009.36 3 0 100.0%0 0

0 0 0019.4 3 0 100.0%0 0

0 0 0038.2 3 0 100.0%0 0

0 0 0076.8 3 0 100.0%0 0

Mean Min MaxMedianCountControl Type Std ErrC-mg/L CV% %Effect95% LCL 95% UCL

Angular (Corrected) Transformed Summary

1.358 1.249 1.4121.4120 3Dilution Water 0.05432 6.93% 0.0%1.124 1.591

0.2604 0.1588 0.46360.15884.35 3 0.1016 67.59% 80.82%-0.1768 0.6976

0.1588 0.1588 0.15880.15889.36 3 0 0.0% 88.31%0.1588 0.1588
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0.1588 0.1588 0.15880.158838.2 3 0 0.0% 88.31%0.1588 0.1588

0.1588 0.1588 0.15880.158876.8 3 0 0.0% 88.31%0.1588 0.1588

Control TypeC-mg/L

Proportion Survived Detail

Rep 1 Rep 2 Rep 3

0 Dilution Water 1 0.9 1

4.35 0.2 0 0

9.36 0 0 0

19.4 0 0 0

38.2 0 0 0

76.8 0 0 0
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CETIS Summary Report Report Date: 05 Aug-14 09:55 (p 1 of  1)

Test Code: 70A3F79F | 18-8979-3951

Reference Toxicant 96-h Acute Survival Test NewFields

Batch ID: 09-4030-4577

Start Date: 13 Dec-13 16:00

Ending Date: 17 Dec-13 14:05

Test Type: Survival

Duration: 94h

Protocol: EPA/600/R-99/064 (2000) Diluent: Diluted Mineral Water

Brine: Not ApplicableSpecies: Hyalella azteca

Source: Aquatic Biosystems, CO

Analyst:

Age:

Sample ID: 17-4447-7814

Sample Date: 27 Sep-11

Receive Date: 27 Sep-11

Code: 67FA9E76

Sample Age: 808d  16h

Source: Reference Toxicant

Station: p110927.179

Client: Internal Lab

Project: Reference ToxicantMaterial: Total Ammonia

Comparison Summary

NOEL LOEL TOELEndpointAnalysis ID MethodPMSD TU

<4.35 4.35 NA01-5892-6385 Dunnett T3 Multiple Comparison Test18.8%Proportion Survived

95% LCL 95% UCL

Point Estimate Summary

EndpointAnalysis ID Methodmg/L TULevel

EC5 0.09425 0.08002 0.1305Proportion Survived13-5696-3347 Linear Interpolation (ICPIN)

EC10 0.1974 0.1663 0.2774

EC15 0.3102 0.2594 0.4426

EC20 0.4337 0.3598 0.6284

EC25 0.5688 0.4681 0.8372

EC40 1.056 0.8463 1.632

EC50 1.461 1.15 2.338

Control Type Mean Min Max Std DevCount CV%Std ErrC-mg/L

Proportion Survived Summary

95% LCL 95% UCL %Effect

0 Dilution Water 0.9667 0.9 1 0.057743 5.97%0.033330.8232 1 0.0%

4.35 0.06667 0 0.2 0.11553 173.2%0.066670 0.3535 93.1%

9.36 0 0 0 03 00 0 100.0%

19.4 0 0 0 03 00 0 100.0%

38.2 0 0 0 03 00 0 100.0%

76.8 0 0 0 03 00 0 100.0%

Control TypeC-mg/L

Proportion Survived Detail

Rep 1 Rep 2 Rep 3

0 Dilution Water 1 0.9 1

4.35 0.2 0 0

9.36 0 0 0

19.4 0 0 0

38.2 0 0 0

76.8 0 0 0

Control TypeC-mg/L

Proportion Survived Binomials

Rep 1 Rep 2 Rep 3

0 Dilution Water 10/10 9/10 10/10

4.35 2/10 0/10 0/10

9.36 0/10 0/10 0/10

19.4 0/10 0/10 0/10

38.2 0/10 0/10 0/10

76.8 0/10 0/10 0/10

CETIS™ v1.8.7.16000-173-185-3 QA:________Analyst:________
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GETIS QC Plot Rerport Date: 03 Jan-14 13:10 ( 1 of 1)

Reference Toxicant 96-h Acute Survival Test NewFields
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Protocol: EPA/600/R-99/064 (2000)
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CETIS Analytical Report Report Date:

Test Cocle:

03 Jan-14 13:03 (p 1 of 2)

23284685 | 05-8986-6629

Reference Toxicant 96-h Acute Survival Test NewFields

Anafysis f D: 12-7746-8734
Analyzed: 03 Jan-14 13:02

Proportion Survived

Linear Regression (MLE)
CETIS Vr:rsion:
Official tlesults:

Endpoint:
Analysis:

CETlSv1.8.6
Yes

Batch lD: 08-4027-1305
Start Date: 23 Dec-13 14:20

Ending Date: 27 Dec-13 14:55
Duration: 4d t h

Survival

EPA/600/R-99/064 (2000)

Chironomus tentans

Aquatic Biosystems, CO

Analyst:

Diluent: Diluted Mineral Water
Brine: Not Applicable

Age:

Test Type:

Protocol:
Species:

Source:

Sample lD:

Sample Date:

Receive Date:
Sample Age:
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22May-12

580d 14h

Code: 6A54D503

Material: Coppersulfate

Source: ReferenceToxicant

Station: 0120522.36

Client: Internal Lab

Project: ReferenceToxicant

Linear Regression Options

Model Function
Log-Normal INED=A+B-log(X)]
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4.436558

11.27713

1 5.71368

Mean

72.58878
1.478853
0.626507

0.748271

97.01

z.Jo

<0.0001

0.1 055

DF F Stat P-Value
I

18

21

Significant
Non-Significant

Residual Analysis

Attribute Method Test Stat Gritical P-Value Decision(o:5o1,)
Goodness-of-Fit

Variances
Distribution

Pearson Chi-Sq GOF
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CETIS Analytical Report Report Date:

Test Code:

03 Jan-14 13:03 (p.2 of 2)

23284685 | 05-8986-6629
Reference Toxicant 96-h Acute Survival Test NewFields

Anafysis f D: 12-7746-8734 Endpoint: Proportion Survived CETIS Version: CETlSvl .8.6
Official llesults: Yes

Analyzed: 03 Jan-14 13:02 Analysis: Linear Regression (MLE)
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CETIS Analytical Report Report Elate:

Test Code:

03 Jan-14 13:03 (p 1 of 2)

2328A685 | 05-8986-6629
Reference Toxicant 96-h Acute Survival Test NewFields

Analysis lD:
Analyzed:

20-5449-8532
03 Jan-'14 13:02

Endpoint:
Analysis:

CETIS Vrersion:

Official lResults:

CETlSv1.8.6
Yes

Proportion Survived
Parametric-Control vs Treatments

Batch lD:

Start Date:

Ending Date:

Duration:

08-4027-1 305

23 Dec-13 14:20

27 Dec-13 14:55

4d th

Test Type: Survival

Protocol: EPA/600/R-99/064 (2000)

Species: Chironomustentans

Source: Aquatic Biosystems, CO

Analyst:
Diluent: Diluted Mineral Water
Brine: Not Applicable

Age:

Sample lD:

Sample Date:

Receive Date:

Sample Age:

17-8394-4451

22May-12

580d 14h

Code: 6A54D503

Material: Coppersulfate
Source: ReferenceToxicant

Station: p12052236

Client: Internal Lab

Project: ReferenceToxicant

Data Transform Zeta Alt Hyp Trials Seed PMSD NOEL LOEL TOEL TU
Angular (Corrected) NANA c>T NA 13.3% zau 500 ?I? A

Dunnett Multiple Comparison Test
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Dilution Water
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ANOVA Table

Source
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Error
2 314478
0.2867599
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0 01593'1 11

5
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z5
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CETIS Analytical Report Report Date:

Test Code:

03 Jan-14 '13:03 (p 2 of 2)

2328A685 | 05-8986-6629
Reference Toxicant 96-h Acute Survival Test NewFields
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Agri‐Tech/Yakima Steel Wetland Sediment Evaluation 

Appendix D 

Porewater TIE Test Data Sheets  
and Analytical Chemistry 



Appendix D.1 

10‐Day Porewater TIE Test with Hyalella azteca 

































CETIS QC PIot Report Date: 13 Mar-14 10:27 (1 of 1)

Reference Toxicant 96-h Acute Survival Test NewFields

-^. Test Type: Survival

Protocol: EPtu600/R-99/064(2000)
Organism: Hyalella azteca (Freshwater Amphip
Endpoint: ProportionSurvived

Material: TotalAmmonia

Source: RefereneeToxicant-REF

Reference Toxicant 96-h Acute Survival Test

o6
IE

Mean: 11.88

Sigma: 7.285
Count: 7

CV: 61.30%

-1s Warning Limit: 4.592
+1s Warning Limit: 19.16

-2s Action Limit: -2.693

+2s Action Limit: 26.45

-\Quality Control Data

Point Year Month Day Time QC Data Delta Sigma Warning Action Test lD Analvsis lD
1 2009 Dec 11 16:05 9.69 -2.19 -0.3006 06-0392-7981

1 4-6934-6989
'15-6980-0340

14-0245-1637

02-6747-8290
00-2973-8704
1 8-8979-3951

04-3440-6883

04-0353-3462

08-7287-0236
09-8032-3348

1 7-3940-1 363

14-573't-2244
14-7798-0524

1 3-5696-3347

07-6457-6634

2 2011 Mar 18 17:40 23.15 11.27 1.548
3 2012 Sep '12 15:30 17.06 5.181 0.7112
4 2013 Jul 2 16:54 15.85 3.968 0.5447
5 Oct 11 16:30 6.435 -5.445 -0.7475
6 Nov 5 14i15 9.487 -2.393 -0.3285
7 Dec 13 16:00 't.461 -10.42 -i.43
8 2014 Jan 31 17:30 6.788 -5.092 -0.699

(+)

C)
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CETIS QG PIot Report Date: 13 Mar-14 10:27 (1 ot 1)

Reference Toxicant g6-h Acute Survival Test NewFields

Test Type: Survival

Protocol: EPA/600/R-99/064(2000)
Organism: Hyalella azteca (Freshwater Amphip
Endpoint: Proportion Survived

Material: TotalAmmonia

Source: ReferenceToxicant-REF

Reference Toxicant 96-h Acute Suruival Test

E
z

Mean: 8.192

Sigma: 4.602
Count: 5

CV: 56.200/o

-1s Warning Limit: 3.59
+1s Warning Limit: 12.79

-2s Action Limit: -1 .012
+2s Action Limit: 17.4

-, Quality Control Data

Point Year Month Day Time QG Data Delta Sigma Warning Action Test lD Analysis lD
1 2009 Dec 11 16:05 4.01 -4.182 -0.9087 06-0392-7981',t2-3327-0136

14-6934-6989 04-6091-1142
15-6980-0340 11-2557-0477
14-0245-1637 04-9865-2715

00-2973-8704 21-2079-0542
04-3440-6883 19-1835-3562

2 2011 Mat 18 17:40 15.1 6.908 1.501
3 2012 Sep 12 '15:30 7.65 -O.S4Z -0.1178

(+)

4 2013 Jul 2 '16:54 10

5 Nov 5 14115 4.2
6 2014 Jan 31 17:30 4.4

1.808 0.3929
-3.992 -0.8674
-3.792 -0.824
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CETIS Summary Report Report Date:

Test Code:

13 Mar-1410:26 (p 1 of 1)

19E485E3 | 04-3440-6883

Reference Toxicant 96-h Acute Survival Test NewFields

Batch lD: 1l-6605-7715
Start Date: 31 Jan-14 17:30

Ending Date: 04 Feb-14 16:52

Duration: 95h

Test Type: Survival

Protocol: EPA/600/R-99/064 (2000)

Species: Hyalellaazteca

Source: Aquatic Biosystems, CO

Analyst:
Diluent: Diluted Mineral Water
Brine: Not Applicable

Age:

SamplelD: 20-6890-6766

Sample Date: 27 Sep-'l 1

Receive Date: 27 Seo-11

Sampfe Age: 857d 17h

Code: 7851030E

Material: TotalAmmonia

Source: ReferenceToxicanl

Station: p110927.191

Client: Internal Lab

Proiect: ReferenceToxicant

Comparison Summary

Analvsis lD
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9.43 6.441 JZ- I -/o Dunnett Multiple Comparison Test

Point Estimate Summary
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Appendix D.2 

10‐Day Porewater TIE Test with Microtox 















































Appendix D.3 

Porewater TIE Test – Analytical Chemistry 











































































































































Agri‐Tech/Yakima Steel Wetland Sediment Evaluation 

Appendix D 

Solid‐Phase TIE Test Data Sheets 



Appendix D.1 

10‐Day Solid‐Phase TIE Test with Hyalella azteca 



















Agri‐Tech/Yakima Steel Wetland Sediment Evaluation 

Appendix E 

Solid‐Phase TIE Test Data Sheets 



Appendix E.1 

10‐Day Solid‐Phase TIE Test with Hyalella azteca 



















Agri‐Tech/Yakima Steel Wetland Sediment Evaluation 

Appendix F 

Sediment Chemistry 



Appendix F.1 

Whole Sediment Chemistry 

















Appendix F.2 
AVS/SEM Chemistry, Dilution Series,  

and Sediment Conventionals 



Agri-Tech/Yakima Steel Wetland Sediment Chemistry - Dilution Series
ARI ID Client ID Sampled Rec Prep Analyzed Method CAS Compound Value Q Units
13‐27104‐XR07A 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐43‐9 Cadmium 10.5 mg/kg
13‐27104‐XR07ADP 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐43‐9 Cadmium 9.2 mg/kg
13‐27104‐XR07AMS 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐43‐9 Cadmium 132 mg/kg
13‐27104‐XR07A 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐92‐1 Lead 173 mg/kg
13‐27104‐XR07ADP 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐92‐1 Lead 176 mg/kg
13‐27104‐XR07AMS 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐92‐1 Lead 631 mg/kg
13‐27104‐XR07A 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐96‐5 Manganese 318 mg/kg
13‐27104‐XR07ADP 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐96‐5 Manganese 320 mg/kg
13‐27104‐XR07AMS 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐96‐5 Manganese 432 mg/kg
13‐27104‐XR07A 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐66‐6 Zinc 4,050 mg/kg
13‐27104‐XR07ADP 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐66‐6 Zinc 3,820 mg/kg
13‐27104‐XR07AMS 9 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐66‐6 Zinc 3,840 mg/kg
13‐27105‐XR07B 6 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐43‐9 Cadmium 5.1 mg/kg
13‐27105‐XR07B 6 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐92‐1 Lead 97 mg/kg
13‐27105‐XR07B 6 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐96‐5 Manganese 436 mg/kg
13‐27105‐XR07B 6 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐66‐6 Zinc 2,150 mg/kg
13‐27106‐XR07C 3 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐43‐9 Cadmium 2.9 mg/kg
13‐27106‐XR07C 3 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐92‐1 Lead 48 mg/kg
13‐27106‐XR07C 3 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐96‐5 Manganese 571 mg/kg
13‐27106‐XR07C 3 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐66‐6 Zinc 1,140 mg/kg
13‐27107‐XR07D 1 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐43‐9 Cadmium 1.1 mg/kg
13‐27107‐XR07D 1 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐92‐1 Lead 20 mg/kg
13‐27107‐XR07D 1 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐96‐5 Manganese 560 mg/kg
13‐27107‐XR07D 1 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐66‐6 Zinc 451 mg/kg
13‐27108‐121313MB Method Blank 12/13/13 12/17/13 SW6010C‐Total 7440‐43‐9 Cadmium 0.2 U mg/kg
13‐27108‐121313LCS Lab Control 12/13/13 12/17/13 SW6010C‐Total 7440‐43‐9 Cadmium 51.4 mg/kg
13‐27108‐XR07E 0 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐43‐9 Cadmium 0.4 U mg/kg
13‐27108‐121313MB Method Blank 12/13/13 12/17/13 SW6010C‐Total 7439‐92‐1 Lead 2 U mg/kg
13‐27108‐121313LCS Lab Control 12/13/13 12/17/13 SW6010C‐Total 7439‐92‐1 Lead 199 mg/kg
13‐27108‐XR07E 0 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐92‐1 Lead 4 U mg/kg
13‐27108‐121313MB Method Blank 12/13/13 12/17/13 SW6010C‐Total 7439‐96‐5 Manganese 0.1 U mg/kg
13‐27108‐121313LCS Lab Control 12/13/13 12/17/13 SW6010C‐Total 7439‐96‐5 Manganese 48.4 mg/kg
13‐27108‐XR07E 0 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7439‐96‐5 Manganese 507 mg/kg
13‐27108‐121313MB Method Blank 12/13/13 12/17/13 SW6010C‐Total 7440‐66‐6 Zinc 3 mg/kg
13‐27108‐121313LCS Lab Control 12/13/13 12/17/13 SW6010C‐Total 7440‐66‐6 Zinc 50 mg/kg
13‐27108‐XR07E 0 12/10/13 12/12/13 12/13/13 12/17/13 SW6010C‐Total 7440‐66‐6 Zinc 48 mg/kg
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